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Abstract

The welfare economics of urban growth controls and other land
use regulations have received an increasing deal of attention in re-
cent years, especially at the theoretical level. This paper analyzes two
types of growth controls in the context of a closed system of inter-
dependent cities where utility is determined endogenously. Thus, it
concentrates on how the use of population growth controls and, alter-
natively, the use of taxes on housing consumption, affect utility levels,
taxes revenues and city size, in a simple context in which households’
utility is not affected by environmental amenities. Several scenar-
ios are analyzed, with particular attention to the emerging equilibria
when strategic interaction between cities takes place, both considering
static and dynamic horizons. It is shown that cooperation between ju-
risdictions and the subsequent choice of stringer population controls
and higher taxes constitute the equilibrium solution when interaction
is to occur along infinite periods.



1 Introduction

The use of urban planning instruments is common to most western coun-
tries. Among European countries planning systems vary a great deal, but
the presence of the public sector is habitual along the several stages of the
planning process. In Spain there has been a long tradition of intervening the
land market and the planning process, and instruments such as density levels
and the delimitation of land suitable for development are jointly used. The
role of land-use controls as a means to guide urban development and restrict
urban growth has been long and widely analyzed in the urban literature.
From the viewpoint of resident households, the economic justification for the
introduction of growth control relies mostly on the alleged relationship be-
tween the urban size and the existence of external costs, related for instance
to the appearance of congestion or to the loss of outer landscapes. In this
sense, restricting the urban size may lead to increases in welfare. This is the
approach followed by the so-called amenity-creation models, by which plan-
ning restrictions would improve urban amenities, what ultimately translates
into increases in land rents [Brueckner (1990); Engle, Navarro and Carson
(1992)].

However, in the theoretical urban economics literature it seems to pre-
dominate the idea that actual planning restrictions are welfare-worsening,
even though they may correct externalities [Fischel (1990); Anas, Arnott
and Small (1998)]. Even when they result successful in preserving the ur-
ban environment, they are supposed to achieve the end at too high costs
compared to alternative instruments such as taxes or impact fees, that truly
distort residents’ decisions [Brueckner (1997); Brueckner (2001)]. Recently,
a new line of research has regarded urban planning decisions as the result of
the strategic interaction among cities. This approach allows for the emer-
gence of restricted city sizes even though urban growth involve external costs
[Helsley and Strange (1995), Brueckner (1998)].

This paper analyzes the welfare effects of planning restrictions, under
different scenarios. It uses the bid-rent framework to try to analyze two types
of growth controls, namely population regulations and a tax that burdens
housing consumption. It is assumed that the utility function of residents is
not affected by any urban characteristic such as density or the city size. Thus,
utility only depends upon the consumption of land and all other private non-
land goods. The model consists in a closed system of three interdependent
cities where utility is determined endogenously. Two types of households can



be differentiated attending to their income levels, and both types migrate
freely and at zero cost from one city to another. The effects when one or two
of the cities impose some type of regulation are analyzed, and quantity and
price instruments are considered, in the form of population controls and a
tax on housing consumption. In particular, it will be considered that cities
may impose endogenous land use regulations, in the sense that thy maximize
certain objective function for the local planner. We will consider that local
communities maximize the fiscal revenue arising from either from population
controls or taxes.

Special attention is paid to the scenarios in which two of the cities may
impose some form of controls, that will be strategically chosen. The equilib-
rium strategies will be obtained for the cases in which cities use population
controls and taxes, something that has already done in the literature. In
this respect, the distinct feature in this paper is to extend the results to
a dynamic context and to allow for the possibility of cooperation between
jurisdictions.

The subsequent sections show the following contents. Section 2 describes
the main features of the model, and shows the equilibrium conditions with-
out planning restrictions. In section 3, the effects of endogenous population
controls are analyzed, differentiating two scenarios: the first, when a single
city imposes the control, and the second, when they take into account the
decisions of rival communities and decide strategically. Thus, we investigate
about the equilibrium strategies both for a one-period context and a multi-
period scenario. Section 4 undertakes the effects of price controls in the form
of taxes on housing. It covers again the case when decisions are taken sepa-
rately or considering other cities’ choices, in static and dynamic frameworks,
too. Section 77 shows the differences in tax collection outcomes that results
from using population controls or taxes. The final section summarizes the
main outcomes and conclusions of the analysis.

2 The basic model

The benchmark model here has 3 cities, denoted by superscript i,7 = A, B, C.
City A and B may impose growth restrictions, while in all cases city C
simply accommodates all coming residents. Cities are supposed to be linear
and with a width of 1. All residents work at the Central Business District
(CBD), located at an extreme of the city. Individuals must commute to the



city centre at a cost T(r), where r represents every possible distance from
home to the CBD. Transportation costs increase linearly with distance in
all cities, so T%(r) = tr, and transportation costs do not vary across cities.
Households rent a fixed amount of housing and respond to utility differentials
by migrating from one city to another at zero cost.

In the simplest model, households’ utility depends upon the consumption
of housing space s and a composite good z, which is also the numéraire.
Utility is then

u' = u(s), 7)) (2.1)

where u; > 0 and u, > 0. At every city residents must pay housing rents
to absentee landowners, and the rental price of housing per period of time is
denoted by R(r). The housing market is assumed to be competitive.

All households have identical tastes, but may differ in income level, de-
noted by the subscript j, 7 = 0,1. There are two levels of wealth among
residents. There is a population of Ny with an income level of Y;, and N;
residents who receive Y7, with Yy < Y;. Income levels are supposed to be
exogenous and the role of firms in the city is not considered. Individu-
als spend their income between the composite good z, housing space s and
transportation. Housing consumption is fixed, with richer people consum-
ing a normalized quantity s; = 1 and poorer ones consuming sy, = «, with
a < 1. Since housing space is determined exogenously, the only variable that
affects the utility level achieved by households will be the consumption of all
other private goods different from housing, that is z. The respective budget
constraints of both types of households can then be expressed as:

Vi =z(1,u) + Ri(r) +tr (2.2)
Yo = zo(, up) + aRy(r) + tr, (2.2")

or, in terms of the housing bid-rents:

Ri(ry=Y, —tr—z (2.3)
. Yy — tr —
Ri(r) = = ———. (2.3)

Since transportation costs increase proportionally with distance, the hous-
ing rent or housing bid-rent decreases linearly with distance to the CBD. For
each income level, there exists a family of housing bid-rent functions that



correspond to different utility levels. For individuals to be in equilibrium
and indifferent among locations within the city, housing rents must vary as
described by the housing-bid rent function above. Thus, at a larger distance
from the CBD, higher transportation costs are compensated by a smaller
housing rent, so that all individuals belonging to the same income group can
attain identical utility levels independently of the particular location. R}
is steeper than R!, this implying that the less wealthy locate closer to the
CBD. The inner segment where poorer households locate has a radius of 7.
Wealthier residents locate in the outer segment comprised between radius 7
and 7, where 7 represents the edge of the city.

Housing is produced from land and capital, according to the production
function H(l, k) = lk, which shows constant returns to scale. Combining k
units of capital and [ units of land yields [k units of housing !. The rental
price of capital is denoted by P. It will be assumed that both types of housing
require the same amount of capital investment. L; (r) represents the rental
price of land, also variable with distance. The relationship between housing
rent and land rent is given by:

Li(r)
k

Ri(r) = + P, (2.4)

or

Li(r) = k[Ri(r) — P] = k[--——L — P]. (2.5)

Finally, at radius 71 in all cities land rents must coincide, that is

Yg—ta—ZO
07

k]

At all locations, land is allocated to that activity yielding the highest
return.

~ Pl = k[Y, — tF; — 2 — P). (2.6)

2.1 Equilibrium without planning restrictions

Equilibrium in the land market involves several conditions. Firstly, total
population Ny and N; must be accommodated within the boundaries of the

! Accordingly, variable k denotes density, since it refers to the number of housing units
per unit of land.



cities. Considering that cities are linear and that housing space has been
fixed, this implies that

—_~ —_~ —_~ N
rA 4+ rB +rC = —ak 0 (2.7)
and
. aNy+N
PR 4B 0= 0T Olj L (2.8)

Secondly, if residents are perfectly mobile, utilities in all cities must equal
for each type of household. Since housing consumption is fixed and identical
for individuals in the same income range, for them to be indifferent between
cities their consumption of non-housing goods must also be the same, that
is z; = z;. Finally, in a context without planning restrictions it is required
that in all cities the urban land rent equals the value of the best alternative
use at the city limit, usually considered to be the agricultural. For simplicity
the agricultural value is supposed to be zero. Then L, (rf) = 0, or

Y —tri—z —P=0. (2.9)

From equation 2.9 it can be derived that 74 = rB = 7C = 7, and from 2.8,
it results:
CYN() + N1
3k '

Thus, in the non-restricted equilibrium population equally distributes
among cities, and the less wealthy occupy an identical inner radius of

CYNO

3k

Combining 2.9 and 2.10, the amount of z consumed by individuals with
income Y] is:

(2.10)

T =

(2.11)

P =

t
To obtain 2y, conditions 2.6,2.11 and 2.12 are used, resulting in
at



Notice that in the absence of negative environmental effects of crowd-
ing, households are better off the highest density levels, since that allows
transportation costs savings and does not provoke external costs.

The equilibrium utility levels would result:

t
uf = u(o, Yy — aP — g—k[]\fo + Vi) (2.14)
and
t

Since the following sections all ignore externalities, we can simply concentrate
in the consumption levels of z to analyze how planning controls affect utility
levels.

3 The effects of population controls

In this section the planning instruments are population controls that re-
strict city size. The choice of the appropriate city size is endogenous in the
sense that it maximizes aggregate urban land rents, an objective function
commonly considered in the urban literature. Two scenarios are considered.
First, the case where only one city in the system restricts its size; secondly,
it is considered that two of the cities impose population controls and they
decide strategically.

3.1 Equilibrium with one controlling city

Assume now that city A imposes an urban population control that restricts
city size, and that all excluded households can be accommodated in cities
B and C'. There, the condition that urban land rent equals zero at the city
limit continues to be valid. Similarly, land rents must equal at 7%, so 2.6 at
page 4 still applies in the restricted case. Now, using 2.8 it results

t CYN() + N1

where 74 is now a choice variable for the local government in city A.



From 2.6 in page 4 for all cities, and since z; will be the same in equi-

librium, it must be the case that r? coincide in all cities, and then the intro-
duction of the population control does not alter the size of the inner segment
where poorer households live. Then,
5 oMo
r=— (3.2)
This result suggests that when city A imposes an urban population con-
trol, in the resulting equilibrium the poorer residents continue to split be-
tween the controlled and uncontrolled cities, and the size of the inner seg-
ments does not vary. Although it has been assumed that both types of house-
holds are mobile, the previous result implies that, in practice, some residents
do not relocate when growth controls are imposed in one of the cities and
that only wealthier households finally migrate. But this is the logical result
when considering the assumption that z; must be the same independently of
the city. Since the relative steepness of land-rents functions does not change
in the regulated situation, then 7* does not modify with the introduction of
the population control.
Simplifying and using 2.7 it can be obtained that
at (a+2)

20=Yy—aP — —| 3

o Ny + Ny — krA]. (3.3)

With the use of a population growth control in city A, zy and z; are
negatively affected. The positive signs of the partial derivatives of z; with
respect to r4 show that the consumption of all other goods increases with
r4, that is, the less restrictive the control is. Since housing consumption is
exogenously determined, the population control makes residents worse off in
this simple context without environmental externalities.

The above results apply whatever the values of 4. Consider now the
particular case when the population control introduced is endogenous, in the
sense that it maximizes a particular objective function chosen by the local
government. Suppose an objective function consisting in the sum of all land
rents in city A, TR, land rents that go to absentee landowners. The decision
for the local planner consists then in choosing the value of 4 that maximizes

A A
r Y _t _ r
max TR" = / k[io T—% P]dr +/
0 r

rA (6 A

k(Y1 —tr — z; — P]dr. (3.4)



Using the Leibniz’ rule to obtain the first order condition for the maximiza-
tion of aggregate land rents and solving for 74 yields an endogenous growth
control smaller than the market equilibrium city size,

— 1
TA* = E[QNO + Nl] (35)

Finally, z; and 2y can be expressed in terms of the parameters:

3t
21 :Yi_P_S_k[QNO+N1]’ (36)
and
t 8
zO:Y[)—OzP—g—k[(a; )Ny + 3N, (3.7)

It can be shown that, as expected, introducing the endogenous population
control makes both types of residents consume smaller amounts of z; and 2y,
and as a result they attain smaller utility levels.

3.2 Equilibrium with two controlling cities

Assume now that all cities in the system impose population controls so as to
maximize total land rents, and that they are aware that the remaining cities
use them as well. In equilibrium all households must be accommodated,
and since housing consumption has been exogenously fixed, it is made the
assumption that city C' acts passively and accommodates all coming house-
holds.

Now A and B want to maximize their respective aggregate land rents,
TR and TR, but taking into account the rival choice of city size ri. This
implies to search for the best strategy to follow given the actions of all other
local governments in the urban system, that is for each city best response
function. The problem can be solved as a typical simultaneous game, where
the decision variables for cities are population controls.

The size of the segment where the less wealthy households live does not

vary, and 7 = 0‘3—]Z° Besides, in city C' equation 2.9 in page 5 holds, and the
equilibrium levels of z; and 2y can be calculated from:
No+ Ny — —
zlzyl—P—t[O‘OT“—rA—rB] (3.8)



at (14 2«

From above it is shown that, as in the one controlling city case, less
restrict population controls lead to higher consumption of z; and zj.

The objective of city A is to maximize aggregate land rents TR*. How-
ever, city A has to consider city B choices of B. This is achieved by com-
bining z; and 2 in 3.8 and 3.9 together with the expression of TR4 in 3.4.
From the maximization of the expression above the best response function
for city A is found:

Ny + Ny — k(rA +7B)] (3.9)

— OéNU—FNl T_B
AP = =~ o (3.10)

Symmetrically, the expression of the best response function of city B would
be:

“BIA _ OéNU + Nl _ ﬁ

rB(rd) = T T (3.11)
Notice that the optimal 74 for city A when maximizing TR* diminishes
the larger rB. Thus, if city B fixes a not too stringent rB, then city A
benefits from choosing a smaller 4. This suggests that population controls
act as strategic substitutes. The land rent sacrificed by excluding a household
decreases if a rival community enacts a less stringent population control, and
then communities are willing to introduce more stringent population controls.
Seemingly, a more stringent control increases the opportunity cost of losing
population, and as a result cities choose larger city sizes.

Solving the system with the best response functions for cities A and B
yields smaller sizes in city A and B, but a larger rC. The expressions for the
Nash equilibrium r4 and r® coincide with the ones they would be choosing
if they were individually imposing the control:

- = — 1
rcomp — pA — B — E[QNO + Nl] (312)

However, the equilibrium utilities achieved are smaller. Because more
cities in the system impose population controls, this leads to a larger number
of residents diverted to city C' and consequently to higher land rents. These
equilibrium values of z; and zj in this simultaneous population control game
are:

t
21 :}/I—P—ﬁ[OéNg—f—Nl], (313)



and

at 2+«
ZOZ%—QP—ﬁ[Nl—F( 3 )

Nol. (3.14)

Finally, the equilibrium land rents could be found. Substituting 3.12 back
into the expression for land rent in city A in 3.4, and considering that both
cities A and B use optimal growth controls, it is found the expression for
total land rents, denoted by T'R“™?:

t
T Reomy — 288147_[11& NZ 4 54aNyN; + 27TN? + 16aNy]. (3.15)

3.3 A cooperative framework

This subsection introduces the possibility that cooperation between jurisdic-
tions exists. To our knowledge, the literature using game theory as a means
to explain urban growth controls has so far used a non-cooperative approach.
In this subsection it is aimed to explore in which instances cooperation be-
tween jurisdictions is plausible, both in a static and in a dynamic context.

In this scenario without competition, the first information needed is the
city size that cities would choose to maximize aggregate land rents. With no
a priori differences between cities, one should expect a symmetric city size,
so that 74 = 7P under the cooperation agreement. Let 7% denote each
individual city size with cooperation. This could be considered a particular
case of the problem solved in the previous subsection where competition
existed, but now imposing the symmetry condition in the election of city
size?. The corresponding expressions of zy and z; would be

t(1+2
2 =Yy —aP — %[Lka)z\fo + Ny — 2k7°P] (3.16)
and
Ny + N
H=Yi—P— t[O‘OT“ _ ggeoon], (3.17)

2Tt could be possible, however, that city sizes are different with cooperation, as long
as a different agreement is met that leads to the maximum attainable level of total land
rents.

10



To find the optimal city size, for instance in city A, the following expres-
sion must be maximized:

pcoop

Y . t - Fcoop
max TR = / BT pygy +/ k(Yi —tr — 2 — P)dr.
Fcoop 0 a -

(3.18)

It is found that the maximizing population control when cooperating results
in

1
TP = S_k‘[aNO + Nl] (319)

Although cooperation leads to the highest land rent attainable, it may well
happen that the equilibrium solution is such that cities compete instead of
cooperate. Results vary when considering static or dynamic horizons.

3.3.1 Cooperation in a static context

For every city, the available strategies in the static case are “cooperating” or
“competing”, equivalent to choosing a city size according to the best-response
function in equation 3.10.

In the cooperation scenario, both cities choose a city size as that in equa-
tion 3.19, and total land rents in each city are:

t
T RC°P — YET [200[2Ng + 90aN0N1 + 45N12 —+ 25&Ng] (320)

It can be shown that, as expected, TR results larger than T R“™P,
Although TR® > TR®“™ cities have the incentive to deviate from the
cooperation agreement, since % is not their best city size choice when the
other one cooperates. When A deviates while B cooperates, then

— 4
FA = Tdev — ]_E)—k[aNO + Nl], (32]‘)
and
1
FB = T.coop — 5—k[O{N0 + Nl] (322)

Likewise, if the corresponding values of aggregate land rents are denoted by
TR and TR, then:

t
TR = = [230°N§ + 96aNoN; + 48N} + 25aNg], (3.23)

11



and

/ t
TR = [14aNg + T8aNo Ny + 39NT + 25N ). (3.24)

Logically, land rents are larger for the city that deviates from the cooperative
agreement, and they are also larger with respect to the cooperative solution.

Thus,

TR™ > TR“” > TR“™ > TR*".

Figure 3.1 depicts the normal form for the static game just described.

City B
Cooperate Compete
City A Cooperate TRC"O”,TRCOO{’ T Reoo?' TR
Compete | TR™ TR | TRe™ T R©™

Figure 3.1: Static game with population controls with cooperation.

In

a static context, there exists a single Nash equilibrium in pure strategies

in which both cities end up competing and do not cooperate.

3.3.2
1.

Cooperation in a dynamic context

Finite horizon

Consider now the case where cities are concerned not only for present
outcomes, but for future land rents as well. Two scenarios can be
differentiated. Assume first that competition among jurisdictions is
to take place up to period T only, that is, for a limited number of
years. Using backwards induction from the last period, it is found the
usual result that, as in the static scenario, the set of pure strategies
(compete,compete) make a Nash equilibrium despite it yields lower ag-
gregate land rents. Thus, when the interaction only takes place for a
finite number of periods, the resulting equilibrium strategy is again to
compete and to deviate from the cooperative agreement.

Infinite horizon

Consider now that cities interact for an infinite number of periods.
In order to be able to calculate aggregate land rents in each possible
situation, strategies must be defined for every contingency that may
occur. The strategies considered are the following ones. Cities either

12



can cooperate or compete, the latter understood as fixing the popula-
tion control as their respective reaction function suggests. It is assumed
that cities follow the trigger strategy, that is, once any of them deviates
from the agreed growth control, competition among them takes place
in the subsequent periods. Thus, deviating leads to immediate gains in
the current period, but implies renouncing to higher land rents in the
remaining future due to the end of cooperation. How future land rents
are discounted —together with the number of cities in competition— is
one of the key factors among the conditions determining the equilib-
rium solution and the optimal strategy to be followed by each city.

Using the above assumption that cities compete from the moment that
one of them does not cooperate, the present value of total land rents
—PVTR- can be calculated for the different scenarios that can occur.
Namely, the PVTR has been calculated in the following three instances:

e When cities always cooperate
e When cities always compete

e When one city deviates in the first period while the other one
cooperates, and competition prevails from that period on.

Let PVT R denote the present value of land rents when both cities
cooperate; PVTR®“™  the present value of land rents when competi-
tion takes place; PVTR?, the present value of rents resulting from
deviating in the first period and competing in the subsequent ones; and
PVTR® _ the present value of rents when the city cooperates in the
first period when the other one deviates, and both compete in the re-
maining periods. In figure 3.2 the dynamic game with infinite periods
has been transformed to its single-period equivalent, where the payoffs
represent the present value of the flow of land rents.

City B
Cooperate Compete
City A Cooperate PVTRCOOP,PVTRC""”’ PVTR®  PVT R
Compete | PVTRI PVTR®?® | PVTR®™ PVTR®™

Figure 3.2: Infinite horizon dynamic game with population controls when
cooperation is allowed.
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The worst possible scenario for a city in terms of the aggregate total
land rents occurs when it chooses the cooperative population control
while the other city deviates in the first period, since PVTR®“? <
PVTRe™,

Suppose first that city A chooses the population control according to
its best response function, that is, it chooses the strategy “compete”.
In this instance, the best strategy for city B is to compete as well, since
doing so yields higher land rents. Similarly, that applies symmetrically
to city A when it is city B the one that competes. Then, the set if
strategies (compete, compete) constitute a Nash equilibrium.

Suppose now that city A cooperates. City B can choose its best strat-
egy: either to cooperate as well, or to deviate from the cooperative
solution and compete in all the remaining periods. To find out about
the best strategy, we need to know which of the two leads to the highest
payoff. Comparing PVT R against PVTR%", it is found that the
optimal solution depends on the value of the discount factor. Cooper-
ating is optimal whenever

PVTR® > PVTR,

and comparing the two values of present value of land rents:

t
507 [200° NG + 90aNoN + 45NF + 250No]
t

+ m[maz\@ + 90aNg Ny + 45N + 25aNg| >

; (3.25)
m[%aQNg + 96NN, + 48N} + 25aN{]
+ mHloﬂNg + 54aNgNy + 27N? + 16aNZ],
which can be simplified to
(aNg + Ny)? (aNOJer)Q‘ (3.26)

160 (1 + r) 150

It results that the present value of land rents when cooperating exceeds
that of deviating as long as

r < 0.5809. (3.27)

14



At the current level of interest rates, and according to the result above,
if cities were to take decisions in an infinite horizon then it would be
more profitable for them to cooperate, to choose smaller city sizes and
as a result to set more stringent population controls. Then the set of
pure strategies (cooperate, cooperate) would be a Nash equilibrium as
well. However, if interaction among jurisdictions applies for a limited
number of periods only, then the competitive solution prevails and po-
pulation controls are somehow less restrictive. Although it is not such a
strong assumption to consider that competition between jurisdictions
may take place infinitely, it is however less likely that elected local
government base their decisions in such a long term.

4 The effects of a tax on housing consump-
tion

Other possible instruments to constrict city size are taxes that modify hous-
ing bid-rents of households, and consequently they somehow distort landown-
ers’ decisions of converting land from rural to urban. In this section the tax
used will be one placed on housing. The rationale for introducing such a tax
is to levy taxes that the community would be able to use to finance a public
good, for instance. The main difference when utilizing a price instrument in
this setting relates to the distributional consequences.

Consider now the case where a tax per unit of housing consumption,
denoted by hi, 0 < h < 1, is introduced in city i, whose residents now face
an additional expense. This makes that their respective budget constraints
change to:

Y; = zj +tr + Ri(r)s; + h's;, (4.1)
or expressed in terms of the housing bid-rents:

Y —tr—z;

Ri(r) = 5 — b (4.2)

The land bid-rent functions result then:
Li(r) = k[Y) —tr — 2 — h* — P] (4.3)
Li(r) = k0= iy (4.3)

15



4.1 Equilibrium values when one city uses taxes

The new land rent functions differ from the one in the market situation
because of the new tax on housing, h’. In equilibrium it must hold in any case
that L; = 0, independently of whether the city uses or not a tax. Assume
first that only A introduces a tax k. Then rB = rC = 7, and since in
equilibrium z; is common to all cities, it results:

OZNO+N1 T_A

= (4.4)

=3

Since Ll(r_A) = 0, and using 3.1, the size of city A can be expressed in terms
of the tax h*:

No+ N, 2h#
ot 207 (4.5)
3k 3¢

rd =

There is a linear and negative relationship between the tax and city size.
Introducing a tax on housing consumption also reduces housing rents and
consequently land rents, what makes city A smaller. Now we can find the
expressions for z; and z in terms of the housing tax h*:

Yo P — Ny + Ny - (4.6)
21=Y1—P— —|a - ‘
1 1 3 Vo 1 3
and
at ah?
=Yy —aP — —[No+ N|] — —. 4.7
Zo = 1o — & 3k[ 0+ ] 3 (4.7)
It results again that ro= 7= 0‘3—120 Examining the effect of h* on 2, and

71, it results that as the housing tax increases the consumption of zy and z;
logically decreases, as does utility.

Both a certain population constraint and a tax on housing consumption
that leads to the same city size have the same negative effect on households,
and in either situation they reach identical utility levels of consumption of
z. This is a logical result since both affect them in the same direction: the
housing consumption tax acts as an additional expense for households, while
the population control causes housing rents to increase. In both scenarios, the
remaining income that can be dedicated to non-land goods shrinks. If the tax
was on land instead of housing, then the city would become smaller as well,

16



residents would attain higher utility levels, but landowners activity in city A
would become less profitable. But the distributional consequences differ. In
the population control case, landowners of developed land receive higher land
rents, while residents experience a reduction in their utility levels. When the
housing consumption tax is used, then resident households also experience
a comparable decrease in z and the utility level, but all landowners in city
A lose too. Instead, the local authority benefits from all aggregate housing
consumption taxes.

Which tax would the local government choose if its objective were to
maximize the sum of aggregate taxes levied from residents in city A7 Since
the tax affects the size of city A and also the number of households subject
to the tax, the objective of the local authority would be

— No+ N,  2nr#
max R4 = A = e 032 ! (4.8)

Maximizing the above expression yields the optimal value of h**, which

is

t
hA* = E[QNU + Ny (4.9)
This optimal tax corresponds to a city size of
1
TA* = 6—k[CYN0+N1]. (410)

After substituting 4.9 in the expressions of z; and zy in 4.6 and 4.7, it is
obtained:

5t
Zl(h*) = Yi — P — —[CYN() + Nl], (411)
12k
and
t
2(h) =Yy — aP — g—k[wl — (4+ @) Ny). (4.12)

Both levels of private goods consumption are smaller compared to the
market situation. The effects on z would be identical if directly using a po-
pulation control leading to the city size achieved when using h’. Residents
lose in a similar way both with taxes and population controls. On the con-
trary, landowners gain with the introduction of the population control, but
are worse off with the tax on housing that ultimately diminish land rents.
Likewise, landowners of undeveloped land lose out with the tax. The benefits
are for local communities which receive an income corresponding to aggregate
taxes.
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4.2 Equilibrium values when two cities use taxes

As with the population growth control case, consider now that all cities in the
system except for the passive city C' impose taxes on housing consumption.
Thus, A and B enact taxes h* and hZ. In order to maximize taxes levied,
city A now must consider the behaviour of all other active cities, and so
must city B. The expression for 3.8 in page 8 will determine the level of
z1 in the system, common to the three cities. Applying the condition that
Ly (r%) = L(rB) = 0, 2 can be expressed exclusively in terms of the taxes
applied by cities A and B, thus

1
AW BP) =i — P — %[azvﬁzvl] (A LR CRE)

And from the expressions in 2.6, it is found that

t
20(B hE) = Yy — aP — ?—k[zvo + N - %[h/‘ + 1P, (4.14)
The expression for 4 can similarly be calculated:
Ao 0Nt N Lys opa 4.15
r T + 3t[ ]- (4.15)

The objective of city A will be again to maximize aggregate taxes levied,
but now taking into account decisions taken by city B. The expression of 74
in 4.15 is used. Thus, the maximization problem consists in:

CYN() + N1 1

A pAk———— + (BB —2p? 4.1

and the best response function for city A results in

alNyg + N h?
HaNo + Ny) | h7

hA(hP) = il T T (4.17)

For city B the best response function could be analogously found:

BE () = U B - (4.18)

Notice that the sign of the partial derivatives is positive. Contrary to what
happened in the population control game, now the best response functions
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slope upward in the tax game. This means that taxes as growth control
instruments act as strategic complements rather than substitutes. When B
chooses a relatively high tax more households are diverted to the remaining
cities in the system, including A, since the decision is made considering that
h4 remains fixed, but not the population level in A. By imposing a higher
hA it is possible to increase the revenue levied from this diverted households.

The system with the best response functions for cities A and B is solved,
and the equilibrium tax values corresponding to the simultaneous tax game
result in:

t

hcomp — hA — hB _
3k

[Ny + Ny). (4.19)

The tax revenue that arises from these equilibrium tax levels is

2t
Ry, (he™P) = ﬁ[oéNo + N{)? (4.20)

for any of the cities enacting taxes. The resulting city size is

?mmm:%m%+my (4.21)
This city size is larger than in the one controlling city case, and it is smaller
compared to the population control game. However, comparisons must be
taken carefully, since different objective functions have been used for the po-
pulation and the tax control games. Alternatively, the total level of revenues
should be compared?®.

Other studies have already shown that price instruments lead to higher
equilibrium populations (Helsley and Strange, 1995). As for the levels of 2
and z;, which ultimately affect the levels of utility in the system, it results
that

t
mwmw:m—P—%mm+N¢ (4.22)
and
t
20(h"™) = Yy — aP — g‘—k[zle + (3 4+ 20) V. (4.23)

3This comparison of effects will be further explored in a upcoming section.

19



The consumption of non-land goods diminishes when introducing strategic
interaction between cities, for both types of households, again compared to
the outcome with a single controlling city. As the number of cities using
taxes increases, the negative effects on z rise because it grows the number of
households who are diverted from the controlling cities. This causes housing
and land rents in the system to increase.

4.3 A cooperative framework with taxes

Asin the population control scenario, we consider the possibility that coopera-
tion between jurisdictions might take place when enacting taxes. To simplify,
and since no a priori differences between cities A and B exist, one would ex-
pect the implementation of symmetrical tax rates*. This permits to express
aggregate revenues from taxes for any of the active cities as:

OZNO + N1 1
heo°P) = hOP k[ ————— — —hP]. 4.24
max R, (h*) = 5] (4.24)
It is found that the optimal tax under cooperation is
t
hcoop = —[CXNO + Nl]) (425)

2k

tax size that exceeds the Nash equilibrium tax level, h®*°? > h®™P, Accordingly,
the resulting city size for the controlling cities is

F(h®) = oMo + Vil (4.26)
which is smaller compared to the outcome obtained in the competition sce-
nario.

Let Ry (h°P) denote the tax revenue when both cities cooperate. Like-
wise, Ry (h®™) in equation 4.20 denoted the revenue with competition. It
can ben observed that Ry, (h®%) > Ry, (h®™P), that is, tax revenues are larger
under the cooperative framework. Assuming that one city enacts the coop-
erative tax, the best tax level for the other city can be calculated by substi-
tuting in the city’s best response function. Let A% denote the tax chosen
when deviating. Then,

3t

hiev = 7 [Ny + Ny, (4.27)

4Alternatively, it could be accepted a different agreement on taxes leading to this
maximum level of tax revenues, followed by an egalitarian share-out of taxes levied
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that is, the city that deviates from the agreement gains from imposing a
lower tax rate. The gains from the attraction of a larger number of residents
offset the loss associated to collect a smaller tax per head of population. The
overall tax revenue for the city that breaks the cooperation agreement is

t
Rh(hdev) _ 3_

= S faNo+ NP, (128

while the city that enacts AP obtains a diminished tax revenue of

Ry (hee?') = i[aNO + N J?, (4.29)
16k
where Ry, (h°") denotes overall tax revenue for the city that fixes h®°?, If
only revenues from a single period are considered, then the highest revenues
are obtained when cities deviate from the cooperation agreement, while the
other one maintains the cooperative tax h®°. Thus,

Ry (h%) > Ry, (h*°P) > Ry, (h*™) > R),(h®") (4.30)

4.3.1 Equilibrium in a static context

Consider the case where the effects of the introduction of taxes are going to
be realized for a single period only. Then, as it happened in the population
control game, the equilibrium solution is to compete and to enact h“™” as
tax sizes. Although communities would be able to attain higher revenues if
they maintained the cooperative tax level, cooperating is not an equilibrium.
Keeping in mind the comparison of revenues as shown in equation 4.30, the

City B
Cooperate Compete
City A Cooperate Rh(hc""”),Rh(hc""’I’) Ry, (he*?"), Ry, (h%e)
Compete | Rj(h%), R, (h®P) | Ry(h°™), Ry(he™P)

Figure 4.1: Static game with taxes when allowing for cooperation.

equilibrium solution can be found when solving the static game depicted in
table 4.1. Given a certain strategy of the rival community, and in the search
of the largest payoffs, it is found that the only Nash equilibrium is the one in
which cities compete, and they achieve an identical tax revenue of R(h®™P).
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4.3.2 Equilibrium in a dynamic context

Two scenarios, the finite and infinite horizon games are considered in this
subsection. As in the population control case, cooperation would be only the
resulting equilibrium when considering that the game lasts infinite periods.

1. Finite horizon
When the interaction between jurisdictions takes place for a limited
number of periods, again the equilibrium strategy for any of the cities
is to compete. To solve this game, backwards induction is used, and in
every single period the equilibrium solution is to compete.

2. Infinite horizon

If the game between jurisdictions is to take place during infinite peri-
ods, then cooperation is a plausible equilibrium solution. The calculus
of the revenue obtained in every possible scenario is needed. Thus it
has been calculated the respective present value of tax revenues when
the two cities cooperate —PV R, (h®°)—; when the two cities compete
—PV Ry, (h®"P)—; and when one city cooperates while the other one de-
viates from the cooperation agreement —PV Ry, (h°") and PV Ry, (h®"),
respectively.

In each instance, the expressions for aggregate tax collections result as
shown below. Aggregate revenues when one city cooperates and the
other one deviates have been calculated under the assumption that the
trigger strategy applies, as in the population control game. The results
are as follows:

t
Rh(hawp) = —[OéNg + N1]2 +

= o7 [Ny + N (4.31)

t
12kr(1+1)

2t 2t
compy = —[aNy + N + —————[aNy + N{]? 4.32
Ba(h™™) = grplaNo+ M+ oorm s leNo + N7 (432)
Ry (h*) = i[a]\f + N1 J* + L[a]\f + Ny 2 (4.33)
" 32k Y T Ttk ) T '
Ra(h) = —[aNy + NiJ2 + 2 [aNy + N2 (4.34)
16k 27k
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To find the equilibrium solution, one must compare aggregate tax rev-
enues if cooperation prevails and if cities deviate and choose h%". The
latter allows for a greater revenue in the first period, but that leads
to the smaller competition revenue levels for all the periods on. Once

City B
Cooperate Compete

PV Ry(h*?'), PV Ry, (h%)

City A Cooperate PV Ry, (he°°P), PV Ry, (h°°P)
Y Compete | PVR,(h%), PVR,(h™%)

PV Ry, (h°™), PV R, (h™)

Figure 4.2: Infinite horizon dynamic game with taxes, when allowing for

cooperation.

the cooperation agreement has been abandoned by one of the cities,
competing becomes the Nash equilibrium strategy. The cooperative
solution is a Nash equilibrium as well if the present value of revenues
under cooperation exceeds the present value of revenues when deviat-
ing, that is

Ry, (h*) > Ry, (h™), (4.35)
or
L[QN —l—N]Q—l—;[aN + N J? >
126 0T T k()0
5 2 . 2 (4.36)
—[aNy + N>+ ————[aNy + N
s o+ NI+ oo s o+ Vi

Operating the expression above and solving for r it results that coopera-
tion is the equilibrium solution as long as the interest rate is

r < 0,875. (4.37)

Again, with current interest rates, cooperation would be the equilib-
rium strategy for local jurisdictions when the game lasts infinite peri-
ods.
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5 Comparison of results with population con-
trols and taxes

We have so far assumed that the housing tax and the population control
were endogenous in the sense that they maximize total taxes levied by local
communities. In this section aggregate taxes levied are compared depending
on the instrument used. Because households’ utility levels do not depend
upon any local public good or urban amenity, the expenditure side of the tax
collection is being ignored. It can be likewise argued that the positive effect
on households’ utility of this expenditure would be the same for a constant
level of tax revenues, and then only the negative effects associated to the
particular source of the fiscal revenue matter.

To compare the different effects of using population controls or taxes for
collection purposes, we make the following assumption. Taxes on housing
directly yield a certain amount of tax revenue. As for the population control
effect on fiscal revenues, two extreme scenarios can be considered. Firstly, it
could be the case that only increased land rents were taxed, for instance if
the whole increase in land rents was captured by the local government. The
second possibility consists in assuming that the local community imposes
a certain p% tax on total land rents, not only on value increases. With
a p=100%, the local community would appropriate all land rents. Such
an extreme tax on land rents creates the problem of landowners losing the
incentive to efficiently allocate each plot of land to the highest bidder.

The comparison of tax revenues under each instrument results easier if
representing each revenue level against the associated city size 4, as in figure
5.1. The graph plots the revenue size associated to each city size, under three
different scenarios: when cities compete with taxes; when cities compete with
population controls and the tax revenue equals the increased land rents; and
when cities compete with population controls and the tax revenue equals all
land rents. In any case it is also assumed that cities choose identical housing
taxes, or identical population controls, so that only symmetric solutions are
considered.

The relationship between land rents —or increased land rents— and city
size is straightforward, by rearranging the general expression of land rents in
equation 3.4. As for the relationship between tax revenues and city size, it can
be easily obtained by combining the expression of tax revenues in equation
4.8 with the expression in equation 4.5 in page 16, that inversely relates the
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TR (™)

IR (;comp)
R, [T (h™7)]

R, [T (h") ]

Figure 5.1: Comparison of tax revenues with population controls and housing
taxes

tax level A" and city size 4. Each tax level is uniquely associated to a
certain city size. As it can be observed, the three revenue curves follow the
Laffer type shape. Thus, a small city size can represent either the utilization
of a too stringent population control or the result of a relatively high tax
on housing consumption. A smaller city is associated then either to a large
increase in land rents or to to a higher housing tax. Both facts provoke a
greater per capita revenue, but a reduction in the base of the revenue due
to the fact that less residents remain in the city in equilibrium. Several city
sizes have been highlighted: 7,,, which represents the city size corresponding
to the market situation; 7P the equilibrium city size when competing
with population controls; 7(h°™P), the arising city size when competing with
with taxes; 7°°?, the city size when cities agree on population controls; and
7(h°P), the resulting city size when cities cooperate to fix their taxes.

A city size of 7, corresponds to a situation where there is no population
control or a tax h* = 0, and as a result R, = 0 and ATR* = 0. Total land
rents equal the value market, that is TR™.

When the increases in land rent values due to the introduction of the
population control are fully taxed, taxes are always superior to population
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controls because a fixed revenue level can be achieved at a smaller cost in
terms of the decrease in residents’ utility. The optimal city size when ma-
ximizing increased total land rents ATRA is 74 = L[aNy + N;] ~the same
city size that also maximizes aggregate land rents TR*. The revenues aris-
ing from the implementation of a tax on housing leading to the same city
size are greater. Alternatively, the revenue obtained with this city size,
ATR* = lz[aNy + Ni]?, could be achieved with a tax level leading to
a greater city size —and as a result, with a reduced loss in residents’ utility.
For values of the city size greater than the optimal level 74 the diverting of
population through a direct population control provokes that total revenues
begin to decline, up to the city size r4 = az (N + Ny), that implies again
that ATRA = 0.

Secondly, consider that a tax levies total land rents, and not only land
rent rises. Under this scenario the comparison between taxes and population
favors the population control instrument, since total land rents are always
superior to taxes in terms of total revenue for identical city sizes. Under this
total confiscation of land rents it arises the problem that landowners have no
incentive to efficiently allocate their land.

There exists an intermediate tax rate p that could be applied on total
land rents, that would lead to identical outcomes in terms of tax revenues.
Analytically, this p tax rate can be expressed in terms of the parameters,
being

18k2(OéN0 + N1)2

P= ZU502N7 + 16ak2NZ + 5602k2NZ — 90aNGN; + 144ak2NoN; — 45N? + 712k2N?

(5.38)

6 Conclusions

This paper provides an extension to the scarce urban economics literature
undertaking the analysis of urban regulations as the result of the strategic
interaction among local jurisdictions. Some results previously cited have
already be found, as would be the distinct nature of quantity and price
instruments as strategic variables to manage urban growth. Thus, population
controls are strategic substitutes while taxes act as strategic substitutes.
Likewise, generalizing the model for n cities, it could be shown that the
decrease in the utilities of residents increases with the number of cities using
controls.
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Measured in terms of resident’s utility, competing with population con-
trols is desirable because it leads to relatively greater city sizes, and con-
sequently, to smaller negative impacts on utilities. If measured in terms of
total revenues, population controls are superior to taxes only when all land
rents are confiscated, but inferior when only increased land rents constitute
the tax revenue.

It has also been considered the case where competition takes place not
only in a single period, but repeatedly. When the interaction between juris-
dictions takes place in a finite horizon, the equilibrium strategy for every city
is to compete. In a infinite period horizon, though, cooperation becomes the
equilibrium strategy for active cities for “normal” levels of interest rates.

This work is still in a preliminary phase. The model used incorporates
variables which have not been exploited in the present analysis, but that will
hopefully constitute the focus of further research. For instance, one serious
shortcoming is that externalities have not been considered, while their pres-
ence makes one of the most alleged reasons to justify urban land controls
from an economics perspective. The model seems flexible enough so as to
easily incorporate environmental externalities affecting households welfare,
both in the form of density levels —k—and of the costs of urban growth and
the consequent loss of open spaces. Similarly, two different types of house-
holds have been differentiated attending to their income levels. Additional
attention and a more careful analysis should be devoted to the distributional
consequences of planning instruments.
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