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Abstract This paper provides an analysis of the supply-restriction model of growth controls. Growth controls in such a model harm consumers while enriching landowners, and they will only be adopted if landowners have political power. In the model, this power is manifested in the city government’s use of a social welfare that takes both landlord and consumer welfare into account. Since cities cannot be small if the supply restriction inherent in growth controls is to have an impact, strategic interactions must be considered in the analysis of city choices. A general model is presented, and an extended example based on Leontief preferences is then considered. Comparative-static analysis of Nash equilibria in the Leontief case shows that perturbations of preferences or other characteristics of a single city can have important spillover effects that alter the choices of all cities in the region. Keywords:
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Faced with increasing population pressure, communities in various regions of the United States have adopted growth-control measures in an attempt to exclude unwanted additional residents. In some cases, communities impose * I wish to thank Richard Carson, Robert Engle, Kangoh Lee, William Strange, and a referee for helpful comments. Any errors or shortcomings in the paper, however, are my responsibility. After the paper was written, I became aware of a similar study by Helsley and Strange (1993). 0047-2727/95/$09.50 0 1995 Elsevier Science B.V. All rights reserved SSDZ 0047-2727(94)01454-X
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an annual limit on issuance of building permits. In others, control of growth is achieved by a reduction in allowable development densities, an increase in development fees paid by builders, or a timing ordinance designed to delay development. Rosen and Katz (1981) describe the variety of growth-control regulations used by communities in Northern California. A large empirical literature has emerged documenting the effects of growth controls. The literature, which is surveyed by Fischel (1990), establishes that growth controls raise the price of real estate in cities where they are imposed.’ A smaller theoretical literature has also appeared, providing elements of a conceptual framework for understanding the results of the empirical studies. Sheppard (1988), Tumbull (1991), and Pasha (1992) analyze the impact of density restrictions on the spatial e uilibrium 9 of a city, showing that this type of control has complex effects. Simpler conclusions emerge from the models of Frankena and Scheffman (1981), Brueckner (1990), and Engle et al. (1992), where growth controls are motivated by a negative population externality. In these models, urban residents become better off, other things equal, when the city’s population is reduced, an outcome that is achieved by limiting its spatial size.3 Because the city is small relative to the urban system, this growth-control policy has no effect on the prevailing utility level in the economy. As a result, the amenity created by the smaller population is fully capitalized in land rents. The control thus benefits landowners while having no effect on consumer welfare. This amenity-creation model offers one explanation of the empirical finding that growth controls raise real estate prices. Moreover, since landowners as a class gain while consumers are unaffected, the model offers a political rationale for the imposition of controls. The framework, however, is at odds with another view that is stressed in the empirical literature. This view, which might be called the supply-restriction model of controls, asserts that the control-related increase in land prices is a simple consequence of a restriction in the supply of developable land, having no connection to amenity effects. Despite the importance of growth controls as a tool of local government policy, the supply-restriction view has not received serious formal treatment in the literature. The purpose of the present paper is to offer such a treatment. A model suitable for exploring the supply-restriction view must have 1This conclusion applies to the price of housing and developable land. Land whose development is prevented by the control falls in value. ‘For earlier studies of this type, see White (1975), Rubinfeld (1978), and Amott and MacKinnon (1977). 3Cooley and LaCivita (1982) develop a similar idea in a non-spatial model. For a more complex intertemporal analysis where growth controls involve both development restrictions and minimum lot size requirements, see Epple et al. (1988).
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several features. First, to isolate supply effects, the amenity-creation aspect of the existing models must be suppressed by dropping the negative population externality. Then, the small-city assumption must be abandoned because, with no amenity effect, the control will have an impact only if the city imposing it is non-negligible in size relative to the urban system. In this case, the population diverted by the control will increase demand pressure throughout the system, leading to higher land rents in all cities. Once these assumptions are introduced, however, the political rationale for growth controls is no longer clear-cut. While landowners as a class continue to benefit, the restriction in the supply of land, and the attendant increase in land cost, makes consumers worse off. Indeed, if the supplyrestriction view is correct, the imposition of growth controls must be seen as the result of a political struggle between landowners and consumers in which the landowners prevail. The model analyzed in the paper is based on a stylized representation of this political struggle. In particular, the city government is assumed to maximize a social welfare function that depends on the utility level of the city’s residents as well as the welfare of its landowners, who are assumed to be absentee. The relative political strength of these two groups determines the welfare weights in the government’s objective function. The growth control, which again limits the spatial size of the city, reduces the economywide consumer utility level below that prevailing in the market equilibrium, while raising the total return to the city’s landowners. If landowner utility receives sufficient weight in the government’s objective function, the landrent gain will raise social welfare, justifying imposition of the control. Several aspects of this formulation deserve note. First, the owners of undeveloped land, who are likely to oppose growth controls, are not recognized as a separate interest group. Instead, landowners are assumed to share in the ownership of the city’s built-up land and the undeveloped land around it. As a result, landowners are affected symmetrically by controls, so that their interests as a class can be identified. Second, the assumption that landowners are absentee, living outside the city, means that the city contains no resident homeowners, who are frequently identified as proponents of controls. The most natural way of reversing this assumption would be to analyze a ‘fully-closed’ city, as in Pines and Sadka (1986), where each city resident earns a share of total urban land rent. The effect of such a modification, which eliminates the renter class that plays a prominent role in the present analysis, is discussed below. Once the small-city assumption is abandoned to explore the supplyrestriction view, another issue not considered in previous models comes into focus: strategic interactions among cities in the choice of growth controls. Intuitively, when cities are not small, the best growth-control policy for one city will depend on the control policies chosen by others. To capture this
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interaction, the choice of growth controls, as described above, is modeled as a Nash game played by all cities in a region. This is realistic for a case such as California, where use of controls is widespread and policies appear to be chosen conditional on the choices of other cities. In such an environment, a change in the objective function of one city is likely to affect the choices made by all through strategic interactions, an effect that can be explored by comparative-static analysis of the Nash equilibrium. For example, suppose landowners increase their political power in one city, leading to a corresponding change in the welfare weights in the city’s objective function. Do all cities adopt stricter growth controls in the new Nash equilibrium? Or does the affected city become more restrictive, with others becoming less restrictive? The analysis provides answers to these and other related questionsP Before proceeding, it should be recognized that despite use of the term “growth,” the analysis is carried out using a static model. Thus, instead of restricting intertemporal growth, the role of controls in the model is simply to limit city populations in a static environment. With some difficulty, however, the discussion could be translated into a dynamic framework without affecting its basic message. This can be seen by comparing Engle et al. (1992) and Brueckner (1990), who develop the amenity-creation view in models that are respectively static and dynamic, reaching similar overall conclusions. The next section of the paper presents a general model. An extensive example based on Leontief preferences is then developed. Reaction functions for the Leontief case are derived in Section 3, and analysis of the Nash equilibrium, including comparative statics, is presented in Section 4.



2. The general model Individuals in the model consume land and a numeraire non-housing good, denoted 4 and c respectively. Preferences are identical and are given by the well-behaved utility function u(c, q). There are Z cities in the economy, and residents of each city commute to its center, where they earn an exogenous income per period. Income in city i equals yi ~0, i = 1,2,. . . , I, and commuting cost per period for an individual living x miles from the center is equal to tiz, where ti > 0.’ 4 A related literature on “tax competition” deals with the strategic choice of capital taxes by local governments under conditions of capital mobility. See, for example, Wilson (1986), Wildasin (1988), and Bucovetsky (1991). 5 Income is specific to a city and not to an individual. Thus, if a consumer moves between cities, his income may change.
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The urban system is characterized by free and costless mobility, which means that residents of all cities must enjoy the same utility level, denoted U. Land rent, denoted r, must adjust to a level consistent with this prevailing utility, satisfying yflx u(y, -



fix - rq, q) = u



in city i, where c has been eliminated using the budget constraint. This requirement, which states that maximal utility in the city equals the prevailing level, determines land consumption and land rent as functions of X, U, yi and fi: q = q(x, u, yi, ti) and r = r(x, u, yi, ti). For simplicity, these functions will be written q = qi(x, u) and r = ri(x, u), with the influence of yi and ti captured in the city subscript. Differentiation of (1) shows that r and q are respectively decreasing and increasing functions of distance X, reflecting the well-known effects of accessibility. In addition, an increase in utility lowers rent and raises land consumption, so that ari



a4i p-0,



jpo,



(2)



where the second equality relies on the assumption that land is a normal good (see Brueckner, 1987)P The utility level u is determined endogenously by the requirement that the urban system fit its population. Letting I, denote the amount of land available for consumption at distance x in city i, and letting Xi denote the distance to its boundary, the city accommodates a population of7



I



[ei(x)lqi(x9



u)ldX.



(3)



0



Then, for an exogenous population of M residents to fit in the I cities of the urban system, the requirement



must be satisfied. ’ These results are easily seen from a diagram. Eq. (1) requires the consumer budget line to be tangent to the fixed indifference curve corresponding to utility u. This requirement determines both land rent r and the 4 value at the tangency point. When the indifference curve shifts up, the budget line must rotate to restore the tangency, implying a decline in r. If land is a normal good, the new tangency involves a higher q. ’ A circular city has tS,(x)= 27~5 while Or(x) is constant in a linear city.
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The market equilibrium serves as a benchmark for the analysis of growth controls. To characterize the equilibrium, suppose without loss of generality that land earns a zero rent in non-urban use. Then, in a free-market setting, each city will expand until its boundary rent equals zero, implying Ti(fi,U)=o,



i=1,2



,...,



I.



(5)



Together, (4) and (5) determine market-equilibrium values of u and the &‘s, denoted ZC and ~7, i = 1,2, . . . , I. Implicit in the preceding discussion is the assumption that land rent accrues to absentee landowners, who live outside the urban system. To elaborate, suppose that the economy’s land area is divided into counties, each containing one city and its rural hinterland. It is assumed that the total rent from county i’s land, which equals



I



(6)



ei(x)ri(x, u) d_x= Ai ,



0



is shared equally among a group of owners. As explained above, this sharing assumption eliminates the distinction between the owners of developed and undeveloped land. In addition, it is assumed that none of the landowners holds land in another county. Thus, each individual’s land ownership is concentrated in a single county of the urban system. A growth-control regulation is a law that restricts the spatial size of the city, specifying a value of ;Fi smaller than the value that would result from free operation of the market. In evaluating such a regulation, the city government considers its effect on urban residents and on the city’s landowners. These considerations, which can be viewed as the outcome of a political equilibrium in the city, are summarized in a social welfare function. This function is written Fi(u, si), where si is the utility level of a representative landowner. Observe that because consumer utility is the same in all cities, the resident utility level in Fi is not indexed by i. In addition, note that Fi does not depend on the size of the urban population; the welfare of a representative resident is the government’s only concern. Since the absentee landowners do not consume urban land, their utility depends only on the level of rental income. Without loss of generality, assume that the marginal utility of income for landowners is constant and equal to unity, and that each county has just a single landowner. Then, landowner utility is equal to total land rent, with si = Ai. The social welfare function can be written simply as Fi(u, Ai) 7 with Fi, and & denoting the function’s non-negative



(7) partial derivatives.
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The choice of growth-control policies is modeled as a Nash game, with city i taking the values of Xi, j # i, as fixed in its choice of xi. Note that this Nash assumption does not apply to a situation where city i chooses its growth control with the knowledge that other cities will accommodate its choice by following the market equilibrium. This type of behavior may emerge under the Stackleberg model, which is considered below. With Nash behavior, city i’s optimization problem is to choose & conditional on xi, j # i, to maximize the social welfare function (7) subject to (4), (6) and the requirement



which states that the city cannot expand beyond the point where urban land rent falls to zero. To state this condition in a different form, let f?(u) denote the value of Xi that satisfies (8) as an equality, referred to subsequently as the city’s “uncontrolled” size. Then, (8) is equivalent to & G i?(u). Note that if u is set at the market-equilibrium value ue, the city’s uncontrolled size coincides with the market-equilibrium size xi (i.e. Ye = XT). Since u will be smaller than ue in the presence of controls, however, the two sizes generally diverge. In addition to (8) a further constraint that may be effective is (9)



U2ii,



where fi is the utility level available outside the urban system (i.e. in rural areas). If (9) is violated, each city will lose its entire population. To gain insight into the above optimization problem, consider first the separate impacts of Zi on utility and total rent, the arguments of (7). Since the Xi’s are treated as fixed, the population constraint (4) directly determines the utility level u as a function of Xi. Assuming that (8) is not binding and differentiating (4), the impact of Xi on utility equals



--au



ei(ii)iqi(ij9 ‘)



aii- xf=*I,’



[ej(x)lqj(x,



‘0,



u)‘]~dx



(10)



where the inequality follows from (2). Eq. (10) shows that, by making more land area available within the urban system, a loosening of city i’s control raises the prevailing utility level. While the goal of renters is to achieve the highest possible utility level, landowners seek to maximize total land rent. A change in Xi affects total rent directly through the change in the size of the city and indirectly through the induced change in utility, which shifts the ri function. Differentiating (6), the impact of the control on total rent is given by
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dx + et(xi)ri(xi,



u) .



(11)



I



The integral in (11) is negative from (2) and (9), indicating that rent within the city falls as relaxation of the control eases demand pressure. The second term, which captures the rent increase from extension of the urban boundary, is positive as long as a control is in place (so that ri(Xi, U) > 0). These impacts are shown in Fig. 1, which shows how relaxation of the control affects the land rent curve. While the opposing effects in (11) mean that total rent responds ambiguously to a change in Xi, (11) is negative when Xi is set at the uncontrolled level Z:(U), in which case the second term is zero. This crucial fact shows that total land rent rises as Xi is reduced marginally below the uncontrolled level. Total rent therefore increases with initial imposition of a growth control, and a land-rent maximum is achieved when the control is set appropriately. Whether or not this fact is sufficient to



Fig. 1. Land rent functions.



J.K. Brueckner I Journal of Public Economics 57 (1995) 393-416



401



justify a control depends, of course, on how the city government trades off utility gains for landowners against losses for residents. This trade-off is evaluated by differentiating (7) with respect to &, using (10) and (11). The resulting derivative is



Q=(k;,+F;, jre.(x)~~)~+q,s.(i.)ri(~i (12) 0



On the one hand, 4 could be positive for all .Cisatisfying (8), indicating that the uncontrolled solution is preferred. This will occur, for example, if & = 0, indicating that the city government cares only about consumer welfare. In this case, LJi is positive given (lo), and the optimal Xi equals the uncontrolled size. However, if 4 is negative when evaluated at the uncontrolled size, a reduction in Xi raises welfare, indicating the desirability of a control (this is a sufficient, but not a necessary condition). Since ~ul&C~> 0, L$ is negative at the uncontrolled solution when 8, F
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ei(x)



4itxY
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u, ‘c



dx



*



(13)



The inequality in (13) shows that growth control will be optimal when &, is sufficiently small relative to e:,. This condition is satisfied, for example, if Fi,= 0,sothat the government ignores consumer welfare. The government’s goal is then to maximize total land rent, setting (11) equal to zero. Eq. (13) can still be satisfied, of course, when consumer welfare is a concern of the government. If its concern is not too great, the gain to landowners from a marginal reduction in IEi below the uncontrolled level more than offsets the loss to consumers, justifying imposition of the control. The equality in (13) offers further insight into the conditions that make a control optimal. The equality uses the fact that arilau = -llqiu,, where u, is the partial derivative of the utility function with respect to numeraire consumption (this follows from (1)). The term l/u,, which equals the reciprocal of the marginal utility of income, gives the decline in consumer income made possible by a small decrease in the prevailing utility. The integral weights this quantity by population at each distance (Oi/qi) and aggregates over the urban area, yielding the aggregate income decline permitted by marginally lower utility. If this quantity exceeds Fi,Ie,, which gives the increase in landowner income needed to hold social welfare constant as u falls, then the control is justified. To understand this conclusion, observe that the growth control is essentially a device for transferring income from consumers to landowners. If consumers relinquish a relatively large amount of income as utility falls (if the right-hand side of
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(13) is large), then the resulting enrichment of landowners will justify the utility loss in the eyes of the government, making the control worthwhile. When a growth control is justified and (9) is not binding, the optimal value of ii is found by setting Q in (12) equal to zero. When a control is not justified, the optimal zi is given by (8) satisfied .as an equality. Although the choices of other cities (the Xi, j # i) do not enter explicitly in these expressions, they play a crucial role in determining the optimal value of xi. This influence operates through the utility level u, which is determined in part by the values of xi, j # i. For example, if these values are small, then (4) will yield a low u for any given Xi, affecting all of the terms in (12) and thus influencing city i’s choice. The optimal Xi thus depends on the levels of Xi, j # i, and this dependence is summarized in city i’s reaction function, which is written Xi = @i(X_i), where X_i is the vector of Xi’s, j # i. Each city has such a reaction function, yielding a collection of Z equations involving the variables Xi, i = 1,2,. . . , I. The Nash equilibrium is a set of values (Xl,&, . * *, fI) that jointly satisfy these equations. Comparative statics of the Nash equilibrium depend crucially on whether reaction functions are upward- or downward-sloping. In the case where the solution for zi is interior (with 4 equal to zero), the reaction function’s slope in (Xi, Xi) space is



ax. afj



I=_



dOi I dzj dOi/dii ’



(14)



Satisfaction of the second-order condition for city i’s maximization problem requires that the denominator of (14) be negative. The sign of (14) thus depends on the sign of the numerator, which may be either positive or negative (differentiation of (12) yields a complex expression of ambiguous sign). Growth controls are said to be strategic complements for cites i and j when (14) is positive, in which case the reaction function is upward-sloping. Controls are strategic substitutes in the downward-sloping case, where (14) is negative. Unfortunately, little can .be said about the features of reaction functions and the nature of the Nash equilibrium without putting more structure on the problem. To these end, Section 3 develops an example based on Leontief preferences, where equilibria can be computed explicitly. In the example, reaction functions are not monotonic, so that controls are sometimes strategic substitutes and sometimes complements. The example also demonstrates that various types of Nash equilibria may emerge. In one case, no city imposes a growth control, and the outcome is the same as the market equilibrium given by (4) and (5). In another case, all cities impose controls, with (8) holding strictly for all i. In a third case, one city might impose a growth control while other cities follow the uncontrolled solution.
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Since (8) will then hold strictly for one city while being satisfied as an equality for all others, this outcome again diverges from the market equilibrium. The example also permits exploration of comparative-static effects, which emerge when underlying parameters change, shifting one or more reaction functions. For example, the welfare weights in city i’s objective function could change, reflecting a changing balance of political power between residents and landowners. This change will shift city i’s reaction function, and while the impact on the equilibrium cannot be derived in general, it emerges directly in the Leontief case. The effect of other changes, such as an increase in city i’s income, can also be analyzed. Before proceeding to the example, it must be noted that the Nash equilibrium is likely to be inefficient. The reason is that when city i imposes a growth control, it raises land rents in other cities. However, given the assumption that no individual owns land in more than one city, none of this additional rent accrues to city i’s landowners. The rent increase is thus ignored in the choice of Xi, when efficiency dictates that it should be taken into account. To see this formally, suppose that society’s goal is to maximize Cf=i J@, Ai). The first-order condition for choice of Xi is



The expression in (15) is negative, however, in a Nash equilibrium in which each city adopts a control. This follows because ai will equal zero for all i, implying that (15) equals -Cjri &O,(x)rj(Xj, u) C 0. This means that C Fi can be increased by reducing the &, i = 1,2, . . . , I, below the Nash equilibrium values. Thus, controls in the Nash equilibrium are not stringent enough to maximize total welfare. Extension of this argument shows that if controls are instead absent at the social optimum, then they will also be absent in the Nash equilibrium. This shows that the equilibrium is not always inefficient. It should be noted that the efficient controls characterized by (15) are efficient in only a second-best sense. As noted above, growth controls serve as a means for transferring income from consumers to landowners, and this goal is better achieved through a policy of lump-sum redistribution. To maximize Cf=i 4(u, Aj) under such a policy, each consumer would pay a head tax, whose proceeds would be distributed among landowners in a pattern consistent with the 4’s. A final point concerns the relation between the present analysis and the fully-closed urban model analyzed by Pines and Sadka (1986), where urban rent accrues to city residents instead of absentee landowners. To adapt this
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model to the present setting, each urban resident would be assumed to own a share of the land in each county of the urban system. With no absentee landowners, a city government’s objective would be to simply maximize the prevailing utility level u. It is easily seen that controls are not optimal in this setting; the Nash equilibrium and the market equilibrium are the same. Thus, the emergence of growth controls in the present model depends critically on the assumption of absentee landownership. Since this assumption is not entirely unrealistic, however, the analysis may be relevant for understanding real-world outcomes.



3. The Leontief example: Reaction functions This section develops an example based on a number of simplifying assumptions. First, preferences are assumed to take the Leontief form, ,where indifference curves are right-angled. In addition, it is assumed that the city is linear in shape and that social welfare is given by a linear function of u and Ai. Finally, the analysis focuses on the case where the urban system contains just two cities. Initially, the symmetric case is considered, where both cities have a common income y and commuting cost t, as well as identical social welfare functions. Asymmetric cases are considered later. While the above assumptions are highly restrictive, the use of even slightly more general assumptions (Cobb-Douglas utility, for example) makes the analysis unmanageable. With Leontief preferences, the utility function is written: u(c, q) = min{crc, pq} .



(16)



By a suitable choice of units, the constants (Y and /3 can be suppressed so that utility is simply min{c, q}. Since the consumption bundle is always found at the comer of an indifference curve, q = c will hold, implying that the budget constraint can be written y - tx = c + rq = q + rq. Noting that q = I.J holds, solving for land rent yields



,=-y-‘x_l



(17)
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Assuming unit width for the linear cities (O,(x) = 1, i = 1, 2)) condition (4) reduces to the requirement *1
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0
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(l/q)dx+2
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(l/q)dx=2N,



(18)



*



where 2N gives the population of the urban system (note that cities extend in both directions from their centers). Since q = u, (18) yields
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The cities’ common social welfare function is written F(u,A,)=hu+(l-h)A,,



i=1,2,



(20)



where O=SAs 1. Using (6), (17), (19), and (20), city l’s objective function can be written



h-



fl



x, +i*



N(y-M_l



+2(1-A)
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x1 + 22



(21)



dx



>



.



0



Observe that (21) involves only the decision variables X1 and ZZ and the parameters of the problem. Differentiating (21) with respect to X, yields il



+A/N+2(1-A)(N$z)-1)-2(1-A)/



;y+-----&,



(22) which is equal to r, = [A/N - (2 + M)(l - A)][$ + 2X&] + [AIN - 2(1+ 2iV(1 - A)yx,



A)]Z; (23)



divided by (X1 + x2)*. To see whether a growth control will be imposed by city 1, the sign of R, must be evaluated at the uncontrolled solution, where (8) ‘holds as an equality. Using (17) and (19), this solution (denoted $) satisfies (24)



and is given by a, Xl



_ -



NY



-



l+Nt



-f2



’



(25)



Thus, when city 1 follows the market equilibrium, its spatial size is inversely related to the size ofeity 2 by the linear function in (25). This relationship, referred to as city l’s “market line,” is graphed in Fig. 2. As will become clear shortly, in order for growth controls to emerge in a symmetric Nash equilibrium, 0, must be negative at the point on the market line corresponding to the uncontrolled market equilibrium, ,.Given symmetry, this is the point where the market line crosses the 45 degree,line, which
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Fig. 2. City l’s reaction function.



occurs at an x;! value of Nyl(2 + Nt). Replacing both X1 and Xz in (23) with this value, the expression is negative when j+v(l+



M/4).



(26)



Noting that A and 1 - A are, respectively, 4U and &, this condition is analogous to (13) and indicates that controls will be desirable at the market equilibrium provided that the welfare weight on consumer utility is sufficiently small. After substituting (25) in place of X1 in (23) it can be shown that the resulting expression is an increasing function of X2. This implies that if the derivative 0, is negative at some point on the market line, it will also be negative at all higher points on the line (those with lower .Cz values). As a result, (26) assures that I’& is negative at all market-line points above the 45 degree line, as well as for a range of points immediately below the line. This indicates that, over the corresponding range of Zz values, the optimal X1 lies below the market line. The implication, then, is that city l’s reaction curve lies below the market line over the relevant _& range, coinciding with the
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market line for higher _& values. This is shown in Fig. 2, which illustrates other features of the reaction curve that are discussed below. If (26) does not hold, then the reaction curve coincides with the market line everywhere below the 45 degree line. The two diverge, however, at small values of iZ if the weaker inequality +4(2+Nt)



(27)



is satisfied, in which case the reaction curve drops below the market line somewhere above the 45 degree linee8 Otherwise, the reaction curve and the market line fully coincide, indicating that the city will never impose a growth control. This outcome occurs when A is large, indicating that consumer welfare receives considerable weight. When a control is desirable, the value of X1 on the reaction function is found by setting (23) equal to zero. To assure that the resulting solution is indeed a maximum, i& / i3n,, which equals 2(X, + &)[AIN - (2 + M)( lA)], must be negative. Given that (27) must hold for controls to be adopted, this condition is satisfied at the economically-relevant solution, where X1 + ZZ is positiveP Equilibrium analysis requires information about the slope of the reaction function. Differentiating (23), this slope is



ax, (1 - A)N(fT* + y) ax, ’ + (X1 + x,)[hlN - (1 - A)(2 + M)] > ’



-=



(28)



While (28) can be shown to be negative where the reaction curve meets the market line, a further question concerns the curve’s slope where it crosses the 45 degree line. This location is important because it corresponds to the symmetric Nash equilibrium. If the equilibrium solution, given in (29) below, is substituted in (28), two conclusions emerge. First, (28) is positive, indicating that the reaction curve is upward-sloping at the 45 degree line. Second, the slope at this point is less than one (both these conclusions make use of condition (26)). These conclusions, together with the fact that the reaction curve is negatively sloped where it meets the market line, mean that the curve’s slope changes from positive to negative, as shown in Fig. 2. Thus, growth controls are strategic complements near the 45 degree line and strategic substitutes near the market line. The remaining noteworthy feature of the *The inequality in (27) assures that (23) is negative at the vertical intercept of the market line. 9 Eq. (23) is a quadratic equation that yields two solutions for X, for a given .Cz. It is easily seen that X, + Xz is positive at one solution and negative at the other, with the former being relevant.
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figure is the kink in the leftmost part of the reaction curve. This kink is a result of the constraint (9), which prevents urban utility from falling below the rural level ti. Using (19), this constraint requires that for given X2, the chosen X1 value lies above the line X1 + _&= NC. When the unconstrained reaction curve dips below this line, the constraint becomes binding and the curve follows the line instead, as shown in Fig. 2. It is assume that li is small enough so that this occurs to the left of the curve’s intersection with the 45 degree line.”



4. The Leuntief example: Equilibrium analysis With symmetry, city 2’s reaction function is the mirror image of city l’s, as shown in Fig. 3. The intersection point of the curves, which occurs on the 45 degree line at point a, is the symmetric Nash equilibrium. Since each reaction curve has slope less than one at the 45 degree line, the equilibrium is stable as well as unique. The coordinates of the equilibrium point are found by setting (23) equal to zero, requiring X1 = X2, and solving for the common value X*. This yields” NY ‘* = 4 + 3Nf/2 - 2A/(l-



h)N ’



(2%



Two types of comparative-static exercises involving the parameters y, t, and A are possible. The first preserves the symmetry of the equilibrium, altering the values of these variables for both cities. The second changes one city’s values while leaving the other’s fixed, introducing asymmetry. In the symmetric case, the results are found by simple differentiation of (29), which yields



ax* 9



->o,



ax* -


ax*



-pO.



(30)



Thus, higher income or lower commuting cost lead to an increase in X*, indicating that both cities loosen their controls. The effects of these parameter changes on urban spatial size are thus the same as in the uncontrolled market equilibrium. In addition, (30) shows that a higher A, which indicates greater concern for consumer welfare, also leads to a loosening of controls, as intuition would predict. lo While the reaction function is drawn as concave, convexity over some ranges cannot be ruled out. ‘I The X* solution in (29) is positive given (26).
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Fig. 3. Nash equilibrium.



The effect of a larger total population is necessarily symmetric since N is common to both reaction functions. Differentiation of (29) shows that



ax*



w>(C)0



asN>(


h



1-A’



(31)



Therefore, a larger population leads to looser controls, as intuition would suggest, only if N is large. When N is small, an increase leads to a reduction in urban size as controls become more restrictive. To better understand the results in (31), consider how population size influences whether or not controls are adopted. Suppose initially that N is small enough so that (26) is not satisfied, implying that each reaction curve coincides with the city’s market line at the market equilibrium. Then, as shown in Fig. 4, the Nash and market equilibria coincide at point e (for simplicity, the lower portions of the reaction curves are not shown). Now
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Fig. 4. The effect of a population increase.



suppose that the population increases, shifting the market lines upward (see (25)). While (26) was not satisfied initially, it is clear that the inequality must eventually hold as N increases. The reaction curves then pass below the market lines at the market equilibrium, and controls are adopted in the Nash equilibrium, which lies at point f. Thus, the model suggests that controls are the inevitable result of population increase.”



This conclusion aids in interpreting the comparative-static derivative in (31). First, observe that when N reaches the critical level where controls first become optimal, (26) holds as an equality, implying N < A/( 1 - A).13 From (31), it follows that as N increases beyond the critical level, X* falls. As N increases further, however, the above inequality is reversed, and X* begins to grow with N. Thus, because of the adoption of controls, the urban ‘*This conclusion requires that the city government places some weight on the welfare of landowners, which guarantees that the left-hand side of (26) is bounded. Note that increases in commuting cost r have the same effect: growth controls eventually become optimal as commuting cost rises. 130bserve that a higher value of A raises the critical value of N, indicating that a greater concern for consumer welfare retards the imposition of controls.
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expansion that accompanies an increase in population is temporarily reversed, but reasserts itself once N has increased sufficiently.14 Turning now to the asymmetric case, suppose that y, t, or A rise for city 1 while remaining constant for city 2. City l’s reaction curve will then shift, moving the Nash equilibrium away from the 45 degree line. The direction of the curve’s shift is found by differentiating (23) which yields



ax, -=-as



ar,las s=y,t,h. ar,lai, 7



(32)



Since ar, l&i!, is negative by the second-order condition, the shift in the reaction curve is given by the sign of ar,las. Inspection of (23) shows that this derivative is positive for s = y and negative for s = t. Also, using the fact that r, is zero at the optimum, ar,laA can be shown to be positive. Thus, an increase in y or A or a decrease in t shifts city l’s reaction curve up. This is shown in Fig. 5 for the case of A, where city l’s market line remains fixed. As can be seen, the shift moves the Nash equilibrium along city 2’s reaction curve to point g. Since controls are strategic complements over this range of city 2’s curve, it follows that, starting from the symmetric equilibrium and focusing on marginal changes, both cities loosen their growth controls if income rises, commuting cost falls, or the consumer welfare weight rises in city 1. Thus, even though city 2’s characteristics and preferences remain the



same, its choices are altered as a result of changes in the other city. The A impact bears restating in reverse form: if landowners gain marginally more political power in city 1, causing A to fall, then growth controls become more stringent in both cities, even though city 2’s preferences are unchanged. This conclusion, which answers a question raised in the intro-



duction, shows that full insight into the adoption of growth controls may not be possible without focusing on strategic interactions. Without such a focus, the tightening of city 2’s controls in the example would appear inexplicable. In the Nash context, however, this outcome is the natural response to a marginally more-aggressive stance by city 1. The previous conclusions only apply to marginal movements away from



I4 These results in part reflect the form of the social welfare function F, which depends only on the representative consumer’s welfare, being independent of population size. To explore an alternative specification, suppose each city government weights consumer utility by N and land rents by CL,with the weights normalized to yield A = NI(N + p). Since the right-hand side of (26) then equals N/p, the inequality holds when 1 < /.L(1 + Nr/4), again indicating that controls become inevitable as the population increases. To see the behavior of X* once controls are adopted, &f*laN is computed after eliminating A/(1 -A) in (29). The result shows that G*laN > (C)O holds as /I > (
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Fig. 5. Asymmetric equilibria.



the symmetric equilibrium. As can be seen from Fig. 5, a large increase in A shifts city l’s reaction curve up enough so that it intersects city 2’s curve in its downward-sloping range (at point h), where controls are strategic substitutes. Further increases in A then raise X1 while reducing X2.15The same conclusion applies to y and t, although city l’s market line shifts as well in these cases. Thus, after an initial increase along the part of city 2’s reaction curve where controls are strategic complements, Z2. may full in response to further increases in y or A, or further decreases in t, in city 1. This



type of conclusion might give insight into otherwise inexplicable real-world behavior, helping to explain why a change in one city’s growth-control I5The possibility of multiple equilibria in the asymmetric case cannot be ruled out. Since city 2’s reaction curve slopes up in the vicinity of a point like h (having a negative slope in (Z, , X2) space), it appears that the curves could intersect twice.
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policy might sometimes lead to tightening, and other times to loosening, of other cities’ controls. This multiplicity of comparative-static effects arises, of course, because growth controls exhibit both strategic substitutability and complementarity along each reaction curve. Another type of behavioral change that follows from an alteration in the other city’s preferences is shown in Fig. 6. Initially, each city has the same large value of A, so that the Nash equilibrium and market equilibrium coincide. Then, city l’s A value falls, shifting its reaction curve downward. In the new equilibrium, illustrated as point k, both cities impose growth controls. Therefore, city 2, with little innate taste for controls, ends up imposing a control because the other city becomes more aggressive. As a final observation, point m in Fig. 6 shows the Nash equilibrium that results when city 2 has no taste whatever for controls, with a reaction curve that coincides with its market line. In this equilibrium, city 1 is smaller, and city 2 is larger, than in the market equilibrium. With the Nash equilibrium understood, it is useful to consider two additional issues: the nature of the efficient solution and the characteristics of Stackleberg equilibria. In the symmetric case, the efficient growth control



Fig. 6. No taste for controls in city 2.
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is found by maximizing the representative city’s objective function subject to the requirement that Xi = XZ. Thus, X is chosen to maximize



0



Differentiation shows that (33) is decreasing in X when (26) holds, implying that the smallest possible value is optimal. The solution is thus to set X so that the utility constraint (9) is binding, with X = NiY2. This yields point b in Fig. 2. While the efficient outcome thus involves more stringent controls than the Nash equilibrium, as noted in Section 2, the two solutions are equivalent if (26) is not satisfied. In this case, the Nash equilibrium corresponds to the market equilibrium, which in turn maximizes (33). To analyze Stackleberg equilibria, let city 1 be the leader, whose goal is to maximize utility by choosing a point on city 2’s reaction curve. It can be shown that city l’s indifference curves are vertical where they cut its own reaction curve, and that they bend toward the X1 axis in the figures (moving toward the axis raises utility). Since city l’s indifference curve passing through the Nash equilibrium point is vertical, and thus steeper than city 2’s reaction curve, it is clear that city 1 can achieve higher utility by moving downhill along that curve. Although city l’s best choice cannot be identified unambiguously, it is likely to lie at the kink point of city 2’s reaction curve, shown as point d in Fig. 2. If city 1 plays leader in the case where city 2 has no taste for growth controls, its problem is to maximize utility along city 2’s market line. Since the indifference curve through the relevant Nash equilibrium, point m in Fig. 6, is steeper than city 2’s market line, it is clear that the Stackleberg equilibrium in this case lies at some point uphill from m on the line.



5. Conclusion This paper has provided an analysis of the supply-restriction model of growth controls. In such a model, controls harm consumers while enriching landowners, and they will only be adopted if landowners have political power. In the model, this power is manifested in the city government’s use of a social welfare function that takes both landlord and consumer welfare into account. Since cities cannot be small if growth controls are to have an impact, strategic interactions must be considered in the analysis of city choices. The effect of such interactions is explored in the context of an example based on Leontief preferences. While these preferences are extremely restrictive, the discussion yields a number of insights that are likely to hold more generally.
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In particular, the analysis shows that a change in the characteristics of a single city creates a spillover effect that alters the growth-control choices of all cities in the region. The lesson is that the growth-control policies of different cities are fundamentally intertwined, an insight that may improve our understanding of the adoption and management of growth controls in fast-growing regions such as California. Various extensions of the analysis could be considered. Under one modification, an amenity effect arising from a smaller city population could be added to the model. The analysis would then jointly illustrate the amenity-creation and supply-restriction motives for growth controls. Alternatively, a variant of the fully-closed model described above could be explored. Each urban area could be populated by a group of immobile resident landowners, who own all the city’s land but occupy just a portion of it, along with a group of mobile renters, who occupy the remaining land. In contrast to the case of equal land ownership, it can be shown that growth controls may be welfare-improving for the landowners in such a model. Further exploration of this approach may be fruitful.
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