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THE VALUE OF URBAN AMENITIES*

M. L. Croppert

1. INTRODUCTION

Beginning with Tobin and Nordhaus [12], economists have tried to estimate
the value of urban amenities by regressing wages on city size, population density,
and other amenity measures. In some cases (Izraeli [7], Rosen [10], Getz and
Huang [1]) these results have been used to value particular amenities such as air
pollution and crime. More often the object has been to see whether the externali-
ties associated with city size—greater variety of goods and services, air pollution,
congestion—are, on net, valued positively or negatively. The general finding
(Tobin and Nordhaus [12], Hoch [6], Meyer and Leone [8]) has been that the net
value of urban growth is negative, implying that persons must be compensated
with higher incomes to live in large cities. One implication of this (Tobin and
Nordhaus [12]) is that increases in output are poor indicators of improvements in
welfare unless they are adjusted to reflect urban growth. A second implication is
that cities are larger than they should optimally be.!

In spite of the importance of these conclusions there have been few attempts
to justify rigorously the use of wage-amenity regressions.” One question which
remains unanswered is whether wage differentials capture all of the compensation
for living in cities when prices also adjust to equalize amenity differences. A more
fundamental question is whether the coefficients of amenities in the wage-amenity
regression yield unbiased estimates of marginal amenity values. One reason for
believing that they do not is that within-city variation in air pollution and crime is
ignored in wage-amenity regressions.

The question addressed in this paper is under what assumptions the value of
urban amenities can be inferred from a regression of wages on amenity values. To
answer the question Section 2 develops a model of a system of cities. Each city is
characterized by a distribution of amenities and by a vector of wages and prices.
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thank Allen Kneese, Sherwin Rosen, and an anonymous referee for helpful comments on an earlier
version of the paper.
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1f the net value of urban growth is negative, then adding another person to a city imposes a cost
on society which the individual ignores. Even though wages in equilibrium will rise to compensate for
the disutility of increased population, the fact that potential entrants ignore their marginal social cost
causes cities to deviate from optimum size.

2Rosen [10] justifies wage-amenity regressions using the theory of hedonic prices. His model,
however, ignores the spatial organization of cities, which has important implications for wage-amenity
regressions.
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With this information workers select the city in which they live and their location
within the city. Equilibrium conditions on the consumer side of the model yield a
labor supply function which expresses the real acceptance wage as a function of
population, city area, and site-specific amenities. It is shown, under specific
assumptions on preferences and amenities, that coefficients of the labor supply
function can be used to value urban externalities. The model thus demonstrates
that wage differentials do not understate amenity values, provided that they are
computed from the coefficients of the labor supply function.

The labor supply function derived from the model is not, however, the
equation estimated in the literature. The conventional wage-amenity equation
assumes that all persons in a city are exposed to the same levels of crime and air
pollution. The model, however, indicates that the dispersion of amenities within
each city explains some of the variation in wages. Since the dispersion of amenities
is very likely greater in large cities, it can be approximated by including city area in
the regression.

The more important implication of the model is that the coefficients of the
labor supply function do not represent marginal amenity values. Equilibrium
conditions in the land market indicate that an increase in population raises land
prices throughout a city. This implies that the coefficient of population includes
compensation for higher land prices as well as compensation for urban disameni-
ties. Unfortunately, conditions for land market equilibrium also cause other
amenity coefficients to overstate marginal willingness to pay.

This suggests that conventional wage-amenity regressions, which interpret
coefficients as marginal amenity values, overstate the disutility of large cities. This
question is examined in Section 3 by comparing estimates of the value of city size
using a conventional wage-amenity regression with estimates derived from the
model of Section 2. When compared to estimates from the model, conventional
estimates overstate the disutility of city size and indicate that cities yield net
disamenities when they in fact yield net amenities. The implications of these
results are discussed in Section 3.

2. AN EQUILIBRIUM MODEL OF URBAN LOCATION?®

The model presented in this section provides the theoretical justification for
estimating amenity values from cross-sectional wage data. Justification for wage-
amenity regressions has also been provided by Rosen [10], who has developed a
model of interurban migration using the theory of hedonic prices. According to
Rosen’s model the coefficients of amenities in the wage-amenity equation can be
interpreted as marginal amenity values. Rosen’s theory of interurban location,
however, ignores the distribution of amenities within cities and conditions for
intraurban housing market equilibrium. This section incorporates these features
into a model of interurban migration and examines their implications for the
valuation of amenities.

*The model developed in Section 2 is similar to urban location models developed by Henderson
[4], Polinsky and Rubinfeld [9] and Solow [11].
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The Spatial Organization of Cities

The model consists of a large number of cities, each one of which contains a
business district (CBD) surrounded by residential areas. Below, it is assumed that
each city is circular with the business district at the city center; however, the
results hold as long as all industry is concentrated in a single area. Since the size of
the CBD is small relative to total city size, the CBD is treated as a point whose
land sells at a single price. Residential areas are indexed by their distance from the
CBD, and the price of land at distance k is denoted r;(k).

An important feature of the model is the distribution of amenities within each
city. It is assumed that the value of amenity A at location k is the product of the
amenity in the CBD, A, and a dispersion function a(k)

(1) Ai(R) = Aja(k)

This is a strong assumption as it implies that the distribution of each amenity is
symmetric with respect to the CBD and similar in all cities. It is, however, an
improvement over existing work, which assumes that all persons are exposed to
the same level of amenities. For crime and air pollution the assumption is perhaps
defensible since these disamenities usually vary with distance from the CBD.

In addition, it is assumed that the city boundary is fixed and equal to k;. What
is analyzed is thus a short-run situation where the period of analysis is long enough
to allow workers to move from one city to another but not long enough to allow city
boundaries to adjust to this migration. This short-run equilibrium persists until
each city rezones agricultural areas as residential districts and provides them with
public services. Although this assumption would be restrictive in a purely theoreti-
cal context, it seems appropriate for empirical work since real-world data are
unlikely to reflect a long-run equilibrium.

Assumptions Regarding Workers

Within each city live workers who can costlessly migrate from one city to
another but who must work in the city in which they live. Initially all workers are
assumed to be identical and to work a fixed number of hours in the CBD at a wage
of w; per period. (The case of different occupations is treated in Appendix A.) In
urban location models it is customary to assume that the cost of commuting from
the residence to the CBD is an increasing function of distance travel but does not
depend on income. This assumption, however, is incompatible with the utility
function employed below, and transportation is therefore treated as another good
which the individual purchases. The disutility associated with commuting is
captured instead by including the term k ~¢in the utility function.

In deciding where to live the worker considers not only commuting distance
but site-specific amenities and the value of purchased goods. Formally, suppose
each worker receives utility from his residential site, g, from local goods, x, and
from imports, y. Utility also depends on city size, N,, on amenities in the CBD, A,
and on amenities at home, A;a(k)

(2) U, = Bg’x“y“ N1 AllAa(k) 'k~ (g + g+ 8=1)

(For simplicity, only a single local amenity is included in the utility function.)
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Since the individual takes amenities and prices as given, utility varies
according to the city and neighborhood in which he lives. To find the location with
the highest utility the individual maximizes (2) subject to the budget constraint

(3) w; =r(R)q + pix + pyy

for each (i, k). The resulting demand functions can be substituted into (2) to yield
the indirect utility function

(@) Vilk) = Cwri(k) "pipsNJAI (kR (C = Bffafag

which gives utility in each neighborhood of each city as a function of site-specific
amenities, income, and prices.

If each individual chooses the location with highest utility, and if all persons
are identical, utility in equilibrium must be identical in all locations. Furthermore,
if city i is small relative to the country, V,(k) may be regarded as exogenously
determined and, hence, V;(k) = V* for all i and k. Worker mobility thus implies
that rents, wages, and the prices of local goods adjust to compensate for
differences in amenities. The question is whether this information can be used to
estimate amenity values.

To define the marginal value of an amenity consider a small change in N or an
equiproportionate change in A throughout the city. The individual’s willingness to
pay for this change may be defined as the largest amount of income one can take
away from him without altering his utility. If the change in A is so small that its
effect on prices can be ignored, then differentiation of (4) yields

dA,

(5) d(lnw;)/d(In A})) =9 + 6 = dw; = w,(n + ) T

1

The value of an amenity thus depends only on its coefficient in the utility
function.

One way to estimate this coefficient would be to solve the locational equilib-
rium condition for w

(6) w; = (V*/C)ri(R)’piipsN; YA, "[Aa(k)] Kt

and estimate the resulting equation using data across cities. This, however, would
require data on property values and amenities by census tract for a large number
of cities. The effort involved in obtaining such a data set would be considerable,’
and it is this cost which motivates the use of the labor supply function.

To obtain the labor supply function, (4) may be solved explicitly for r;(k) to
give each individual’s maximum willingness to pay for land at location k,

(7) rilk) = (C/V*)Pw"p i psm " NT# A 5q (k)R -4

“Since x represents local goods, the price of x will vary from city to city. Exports, y, are assumed
to sell in a national market at a single price; however, the delivered cost of y will vary according to the
distance of city i from the national market. Both p, and D3, therefore, bear the subscript i.

*Harrison and Rubinfeld’s [3] study of property values in the Boston area illustrates the
difficulty encountered in obtaining amenity data by census tract. Since disaggregated pollution data
were unavailable in the Boston area, a model had to be built to simulate the interaction of emissions
and weather conditions. A similar undertaking would be required for all cities used in the estimation of

(6).
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Since land is sold to the highest bidder, (7) also represents the equilibrium rent
function in city i. Now for the land market to be in equilibrium the population
(labor force) in city i must be such that the demand for land at distance k from the
CBD equals the supply. Equivalently, if 9rkdk is the fixed supply of land at
distance k, then the number of persons living in ring k, n(k), must equal total land
available divided by land per person

2rkdkr,(k)
Bw;

Substituting for r;(k) from (7) and integrating from k - 0to k = k;, the fixed
boundary of the city, yields the number of workers as a function of amenity levels
and the wage

(9) N, - l'ﬁ n(k)dk Mwlﬂl'fﬁ)/Bpl‘iau/ﬁpiaz/BN?/ﬁA?Hé)/ﬁf(%i)

(8) n(k) =

where M = 228 Y(C/V*)Y and f(k;) = fk'kl’(g/ﬂ’a(k)ﬁ/ﬂdk. Equation (9), the
supply function of labor in city i, may also be written with the real acceptance
wage expressed as a function of population and amenities

_ 6 _
B ’Y ln Nl- . T’ + ln Ai _ 1nf(k1), Pl' = p(;:/(l*ﬂ)pgf/(l—ﬂ)

(10) ln(w,-/P,-)=c+1f6 15

It is now possible to answer the question posed in the Introduction, “Can
amenity values be inferred from cross-sectional wage data if prices also adjust to
compensate for amenity differences?” The answer is yes, provided that one
estimates Equation (10), and provided that one obtains an independent estimate
of 8, the proportion of income spent on the housing site. Given 3 and estimates of
the coefficients of population (3,) and amenities (B,), the marginal value of
population and amenities can be obtained from the equations

(11a) Y=8-B81-B
P - -
(11b) 746 =08(1-75)

Equation (10), however, is not the equation estimated in the literature. The
equation estimated by Rosen [10], for example, is®

(12) In [w,/(ri?p1 P =¢ — yInN; - (n+0)In A,

This may be derived from the locational equilibrium condition by setting a(k) =
E = 1 and solving for the real wage. A comparison of Equations (10) and (12)
indicates the importance of considering the spatial distribution of amenities and
conditions for land market equilibrium in each city.

The fact that amenities do vary spatially implies that wage differentials can
be explained by variation in amenities within, as well as across, cities. Within-city
variation, which is ignored in (12), is captured in (10) by the term In f(k;). Since
within-city variation in amenities is greater in large cities, In f (k;) can in practice

5Rosen also includes human capital variables in the hedonic price equation to control for this
source of variation in the wage.
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be approximated by some function of city area. Failure to include this term will
bias amenity coefficients.

Equations (10) and (12) also differ in their dependent variable. In the hedonic
price equation, (12), the wage is deflated by a price index which includes the price
of housing. Housing prices do not enter the price index in Equation (10), however,
because (10) is derived from conditions for land market equilibrium. In equilib-
rium the rent gradient in city i is an increasing function of the number of persons
in the city and the level of amenities. This implies that individuals must be
compensated for higher land prices in cities with large values of N and A, and this
compensation is reflected in the coefficients of N and A in Equation (10).

Since the coefficient of population reflects compensation for higher land
prices as well as for the disamenities of urban life, this coefficient can no longer be
interpreted as the marginal value of urban disamenities.’ This is also true of the
coefficient of amenities, which reflects compensation for higher land prices as well.
Land market equilibrium thus implies that regression coefficients overstate mar-
ginal willingness to pay and must be adjusted downward. In the case of city size
this adjustment is likely to be substantial. Estimates of the coefficient of In N, in
literature are in the range of 0.02 to 0.07. Since this is the same order of magnitude
as 3, adjusting the coefficient for the effects of land prices may even change the
sign of y from negative, indicating a disamenity, to positive.

This strongly suggests that existing estimates of willingness to pay overstate
the true disutility of city size. This is not certain, however, since the estimated
regression coefficients in (10) and (12) will likely differ. To see whether (10) yields
lower estimates of willingness to pay than the conventional approach, estimates of
(10) and (12) are contrasted in Section 3.

Assumptions Regarding Firms

To properly estimate (10) and (12) we must briefly discuss the production
decisions of firms and equilibrium conditions in product and factor markets.

In each city there is assumed to be a production function for industry X and
industry Y. The Y production function in city i may be written as

(13) Yi = DgNgiLgi ;;ngEél (a +b+c¢ +d < 1)

where N,; denotes labor inputs, L,;, land and raw material inputs, K, capital
goods, S, pollution generated by the industry, and E,;, environmental goods such
as climate. Population may also enter the production function as a proxy for
agglomeration economies. It is assumed that both industries behave as price-
takers in all markets. Thus, given output price, input price, and a tax on effluents,
each industry determines profit maximizing levels of inputs, L, N, and K and a
level of emissions, S.?

"Goldfarb and Yezer [2] recognize that the coefficient of city size reflects both compensation for
amenities and compensation for higher living costs; however, they do not separate the two components
of the coefficient.

®A necessary condition for each industry to operate in city i is that it earn nonnegative profits.
The industry may earn positive profits, and these may vary in amount from city to city. This is
compatible with locational equilibrium since the size of the industry will also differ from city to city.

m——— ) " “"Copyright © 2001. All Rights Reserved.
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Although each industry regards input and output prices as exogenous, the
wage, land price in the CBD, and the price of local goods are determined by
equilibrium conditions in product and factor markets. Equating the aggregate
demand for land to the size of the CBD, the aggregate demand for labor to the
right-hand side of (9) and the supply of X to the aggregate demand for X yields
three equations which may be solved for the land price, the wage, and the price of
X. The equilibrium level of employment is found by substituting the equilibrium
wage into (9) and the quantity of local goods produced obtained by substituting p;;
into the aggregate demand function for X. Environmental goods which depend on
output or on population are also determined by market equilibrium conditions.

The foregoing emphasizes the need to estimate (10) and (12) as part of a
simultaneous equation system in which N, and any amenities which depend on N,
are treated as endogenous. While perhaps obvious, this has rarely been observed in
the literature. To identify the labor supply function, the remaining parameters of
the model can be regarded as exogenous to city i. These include the prices of
exports and raw materials, which are sold in national markets, and the size of the
CBD, which may be regarded as exogenous in the short run.

3. EMPIRICAL IMPLICATIONS OF THE MODEL

Section 2 indicates that conditions for intraurban equilibrium alter the
specification and interpretation of the wage-amenity equation. Specifically, the
coefficient of population in the equation reflects compensation for higher land
prices as well as compensation for external diseconomies of urban scale. If
interpreted as marginal willingness to pay, the coefficient of population, therefore,
overstates the disutility of large cities. Whether previous studies have overesti-
mated urban disamenities is not clear, however, because the equation estimated in
the literature differs from the wage-amenity locus of our model.

To examine the consequences of Section 2 for the valuation of amenities we
estimate the labor supply function (10) and contrast the results with estimates of
the conventional wage-amenity locus (12). In both equations the variables chosen
are representative of those used in previous studies. The sample of cities (see
Appendix B) and wage data are also identical to those used elsewhere (Getz and
Huang [1], Meyer and Leone [8]). This allows us to focus on the effect of including
city area in the regression and on the consequences of interpreting regression
coefficients as indicated in Section 2.

Specification of the Wage-Amenity Relationship

Equations (10) and (12) are estimated using wage data for one-digit occupa-
tions from the 1970 Census of Population (U.S. Bureau of the Census [17]). The
dependent variable in each equation is the median earnings of men who worked
50-52 weeks, deflated by the appropriate price index. In Equation (12) earnings
are deflated by the BLS Intermediate Budget Cost-of-Living Index (U.S. Bureau
of Labor Statistics [14]). According to Section 2 the price of housing should not
enter the price index in the labor supply function; hence, housing has been omitted
from the BLS Index in Equation (10).°

*The adjusted BLS Index was computed by adding expenditures for all items except housing,
dividing this figure by average expenditures across the U.S., and multiplying the quotient by 100.
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The dependent variable in (10) and (12) has also been adjusted for the effects
of unions. Since it is widely believed that unions are able to affect wages, and since
the proportion of workers covered by union contracts varies from city to city,
failure to control for differences in union strength may cause the effect of unions
to be attributed to urban amenities.”” For occupations with a significant propor-
tion of union members the earnings variable is adjusted using the formula!!

(14) Wobserved = (1 —a ) W nonunion 1 AW ypion

where a represents the percent of workers in unions (U.S. Bureau of Labor
Statistics [13]). Earnings in each equation thus represent nonunion earnings.

In Table 1, the main variable of interest, scale amenities, is represented solely
by population. An alternative approach would be to measure individual amenities
such as sports franchises, museums, and air quality. These, however, are highly
correlated and each must be treated as endogenous. To solve this problem Getz
and Huang [1] use the first principal component of scale amenities; however, the
latter is difficult to interpret. Another approach is to use both population and
population density, as have Tobin and Nordhaus [12], Meyer and Leone [8], and
Rosen [10]. This cannot be done here; however, since if all right-hand variables are
in log form, In (population density) will be an exact linear function of In
(population) and In (area). This suggests that one may interpret the real wage as a
function of either population and population density or population and area. Both
interpretations are given below.

So that N remains an unambiguous amenity measure, the remaining variables
in the equation are chosen to be uncorrelated with population.”” Two of these
require further explanation. The ratio of females to males employed in city { is
used as a measure of employment opportunities for women, following Getz and
Huang [1]. The anticipated sign of this coefficient is negative since men should be
willing to accept lower wages in exchange for employment opportunities for their
wives.”® Net migration is included to correct for labor market disequilibrium. A
positive coefficient indicates that workers are still entering (leaving) a city in
response to an increase (decrease) in the wage.

In Table 1, (10) and (12) are estimated for nine one-digit occupations using
earnings data from the 1970 Census of Population (U.S. Bureau of the Census
[17]). Estimating equations for separate occupations helps control for variation in
the skill mix across cities and also allows tastes to differ among workers. Since it is

'°This assumes that the percentage of the workforce in unions is independent of the level of
urban amenities. If there are no barriers to union membership, then workers may be more likely to join
unions in cities with large disamenities so as to receive compensation for these disamenities.

"This formula is valid only if the w’s are sample averages. Since our data pertain to median
earnings, (14) holds only approximately.

"It might appear that crime would be excluded from the regression on the grounds that crime
rates increase with city size. The correlation between crime and population in our sample, however, is
only 0.19. Results obtained by Hoch {5] support the idea that crime varies more with race and region
than with city size.

1A referee points out that this variable may also measure competition from women in the labor
market and may have a negative sign for this reason.
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not clear that (10) or (12) applies in the disaggregated case, the model of Section 2
is generalized in Appendix A. The resulting labor supply function is

: Bi — i mj + 9 T
(10") In (wi,/PU)=c,~+———1nN,-————lnA,«—lnfj(ki)

1-8 1 -8

As indicated in Appendix A, employment in occupation j should appear in (10)
together with population; however, in practice the two are so highly correlated that
only population is used. The corresponding version of (12), Equation (129, is

(12") In [(wij/ri)iﬂjp;ialj pa] =c¢i—v;InN; — (n; + 6;) In A,

The estimation of (10") and (12) is based on the model in Section 2. Both
equations are estimated by 2SLS with employment treated as endogenous. Factors
affecting the demand for labor serve as excluded exogenous variables. These
include proximity to output markets and availability of cheap transportation, both
of which raise the net price of exports, and proximity to raw materials, which
lowers the delivered cost of inputs.' In other studies human capital variables and
race are included in the wage-amenity regression to control for this source of
variation in the wage rate. In the context of the model, however, these variables
should be treated as factors which are perceived to affect productivity and, hence,
enter the demand function for labor. Accordingly, average age of the workforce
and percent nonwhite are used as excluded exogenous variables.’* The sample of
cities used in the regressions appears in Appendix B."®

Results

In comparing the two sets of regressions the important question is what each
implies about the disutility of urbanization. The conventional wage-amenity
regressions indicate that city size is a net disamenity for all occupations. The
marginal value of city size (y) ranges from —0.02 to —0.08, implying that an
individual earning $10,000 would pay between $20 and $80 per year for a 10
percent decrease in population. Although these values depend on the specification

UThese variables are measured as follows: proximity to output markets by the percent of exports
(by weight) shipped at least 500 miles from each city (U.S. Bureau of the Census [18]); and availability
of transportation by a dummy variable equal to one for port cities. To indicate accessibility of natural
resources acres of commercial timberland (U.S. Bureau of the Census [21]), value added in mining
(U.S. Bureau of the Census [16]), and value of farm products (U.S. Bureau of the Census [15]) are
measured for the state containing city i.

To test the significance of human capital variables, money earnings in each occupation
(adjusted for union membership) were regressed on average age of workers in the occupation, on
percent nonwhite in the occupation and on average school years of all men. In each case years of
schooling (unavailable by occupation) was insignificant. Average age of the workforce, however, was
positive and significant for all but two occupations. For laborers and service workers percent nonwhite
was significant, with the expected negative sign. The latter variables were used as excluded exogenous
variables in occupations for which they appeared significant.

16The BLS Cost of Living Index is computed for 39 cities; however, earnings and employment.
data are available by one-digit occupation for only 34 of them. Lack of amenity data further reduces the
sample to 30 cities when net migration is excluded from the equation, and 28 cities when it is included.
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of the wage-amenity relation, they are consistent with results reported in the
literature."’

The labor supply functions, by contrast, indicate that city size yields greater
utility than the conventional estimates suggest. This is not immediate from Table
1 since the coefficients of N are usually higher in (10') than in (12). For reasonable
values of §, however, urbanization appears to be an amenity rather than a
disamenity. Recall that 8 represents the fraction of income spent on the residential
housing site. Figures reported by the U.S. Bureau of the Census [20, p. 10] indicate
that the median ratio of capitalized housing rent to income (housing price/income)
is 2.2. For interest rates of 8 to 12 percent this implies that the ratio of rent to
income is between 0.18 and 0.26.'® If one-third of the rental price represents the
value of land then g should lie between 0.06 and 0.09. For values of # in this range,
estimates of v are computed in Table 2.

Table 2 indicates that for 3 as low as .08, city size is a net amenity for six out
of eight occupations. For lower values of 3 urbanization may yield disamenities,
but these are in every case less than those implied by (12). If one focuses on the
value of city size in the aggregate labor supply equation then in no case does city
size yield net disamenities.

One might criticize these results on the grounds that we have ignored the
effects of population density and may be attributing some of the benefits of
densely populated areas to population. Rosen [10], for example, finds that
population density has a consistently negative sign in the wage-amenity regres-
sion, whereas the sign of population is consistently positive.

Equation (10), however, may be written as a function of population density
and population
(15) In (w;/P;;) = & + «[In N, - In(area,)] + w, In N; + a4 In A,

t

By comparison with (10') it is clear that
(16) ay = G+ By and @ i34

where 3, is the coefficient of In N, in (10) and 3, is the coefficient of In (area)."
Table 1, therefore, implies that population density is viewed as a disamenity, as is
population. When the effect of population density is held constant, however,
population appears to be less of a disamenity than in Equation (10'). Allowing for
the effects of population density therefore strengthens our results.

"In a log-linear regression of income on population, population density and other amenities,
Tobin and Nordhaus [12, p. 50] find that the combined population coefficients range from 0.006 to
0.064. Meyer and Leone, repeating the Tobin-Nordhaus regression with wage data, obtain a combined
population coefficient of 0.07 [8, p. 87].

"®This is computed from the formula, rent/income - (housing price/income) x (interest rate}
which assumes an infinite-lived housing stock. The percentage of income spent on housing cannot be
computed from published figures on housing expenses since the latter include expenditures on
insurance and utilities and exclude that portion of rent not reflected in mortgage payments.

“For this reinterpretation to be valid, area must be treated as an exogenous variable in Equation
(15) as well as in Equation (10).
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TABLE 2: Estimates of the Value of Urban Amenities

All Profes- Nonfarm Sales  Clerical
sional

Earners  y o hore Managers Workers Workers

Nonfarm  Service

Craftsmen Laborers  Workers

Equation (10" .000 .006 —.007 —-.014 024 —.025 .002 —.037
[]ii“:u.:gon 10) 021 027 014 .008 .045 -.003 024 —-.014
gl:ufgon (10" .042 048 .036 .030 .066 .019 045 .008
gl(:u.alt[;on (12) -.044 —.041 —.060 -.061 -.043 —.061 —.064 —.085

Source: Table 1. Estimates in the first three rows are computed from the formulay =8 — 8, (1 -
B), where B, is the coefficient of employment. Estimates of y are presented only for those occupations
for which B, is significant at conventional levels.

4. CONCLUSIONS

The model developed in Section 2 shows that the value of urban amenities
can be identified from cross-sectional wage data under two key assumptions.
These are that city boundaries are fixed and that the spatial distribution of
amenities is similar in all cities. The first assumption seems appropriate for
empirical work since real-world data more likely describe a short-run than a
long-run equilibrium in the land market. The second assumption is more difficult
to defend but is satisfied for amenities such as air pollution which are generated in
the CBD and spread outward to the rest of the city.

Under these assumptions the labor supply function, which relates the real
acceptance wage to city size, site-specific amenities, and city area, can be used to
estimate the marginal value of urban amenities. The labor supply function,
however, differs in two respects from the wage-amenity equation in the literature.
The conventional wage-amenity equation ignores variation in amenities within
cities. The dispersion of amenities within each city, however, explains some of the
variation in wages and should be included in the regression equation. Since the
dispersion of amenities is greater in large cities, it can be approximated by city
area. Secondly, the model indicates that the coefficients of amenities in the labor
supply function do not represent marginal amenity values. In the case of popula-
tion, the regression coefficient includes compensation for higher land prices since
increases in population raise rents and thus the wage necessary to attract workers.
This compensation must be subtracted from the population coefficient to deter-
mine the value of urban disamenities per se.

This suggests that conventional wage-amenity regressions, which interpret
coefficients as marginal amenity values, overstate the compensation required for
living in large cities. Section 3, in comparing estimates of the disutility of city size
obtained from the model with those obtained by the conventional approach, tends
to confirm this result. The conventional wage-amenity regressions indicate that
cities yield net disamenities for all occupations whereas estimates based on the
model indicate (for 8 > 0.08) that cities yield net amenities. Although the
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regressions in Section 3 are subject to many of the same limitations as previous
studies, e.g., small sample size, they suggest that these studies overestimate the
disutility of city bigness.

This result has two important implications. First, it suggests that adjust-
ments to GNP for the disamenities of urbanization are unwarranted. Tobin and
Nordhaus (12, p. 10] estimate that GNP must be reduced by approximately 5
percent ($40.6 billion in 1970) to compensate for urban externalities. Meyer and
Leone’s figures, while lower ($15.6 billion), also indicate that a substantial welfare
adjustment is required. Section 3, by contrast, suggests that GNP should actually
be increased to reflect the net gain in utility which accrues from consumption
externalities.

An estimate of v = 0.02, for example, implies that GNP should be increased
by $10.4 billion for 1970.2° Secondly, since consumption externalities are positive,
it is unlikely that they limit city size, as has traditionally been assumed (Hoch [6]).
This suggests that urban growth may end because external economies in produc-
tion have been exhausted. To investigate this, one could expand the production
side of the model and estimate the coefficient of population in the aggregate
production function.

Finally, although the paper has focused on the value of city size, the model
could be used to value specific disamenities such as air pollution and crime. The
value of these disamenities has traditionally been estimated using property value
data; however, residential property values cannot capture the utility which
consumers attach to clean air and safety at work. The advantage of the present
approach is that estimates based on wage data capture the value of amenities at
the work site as well as at home.
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APPENDIX A

The purpose of this appendix is to derive counterparts of (10) and (12) when
individuals work in different occupations and tastes may differ among occupa-
tional groups. We assume that members of each occupation are identical and solve
the utility maximization problem given by (2) and (3). The indirect utility function
for members of group j is

(A1) Vi (k) = Cjw;;ri(k) (ﬁ’pL‘a”PEiaZ’N:”A?j+5’a(k)sjk &

where parameters are subscripted to allow for differences in tastes.

As above, the conventional wage-amenity equation may be derived from
locational equilibrium conditions. In equilibrium all members of each occupation
must enjoy the same utility regardless of where they live. Thus V;; must be equal
to V¥for all : and k. (If each city is small and open, then V¥can be considered
exogenous to the city.) Solving the locational equilibrium condition for w;; and
setting a(k) =k =1, yields Equation (12) in the text.

Deriving the labor supply function is more complicated. By solving the
equilibrium condition vV, = V}for r;;(k), one obtains group j’s maximum.
willingness to pay for land at each location. Since in equilibrium land is sold to the
highest bidder, members of group j will reside at those k where
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(A.2) rij(k) = max r, (k)

Summing the number of persons in ring k, n(k), across all k£ at which group Jj
resides (K ;) yields group ;s supply function of labor,

(A3) Ny = Mywlj ™" py ' pyyons s N1, g 000, L kem gy gj
J j koK,

Unfortunately, this cannot readily be solved for the acceptance wage since the
limits of integration in (A.3) depend on the w, ;’s. If, however, neighborhoods are
not in long-run equilibrium, neighborhood boundaries will depend on past rather
than on current wages. In this case the limits of integration in (A.3) are exogenous
and the last term will be positively correlated with city area. The labor supply
function can therefore be written

R S _
(A.4) In (w,/P;) = ¢, + Bz InN, - B0, A, — Infi(k)
1 -8 -8
where NN;; has been replaced by N, due to the high correlation between employ-
ment and population.

APPENDIX B

SMSA’s in Sample
1. Buffalo 15. Wichita
2. New York 16. Atlanta
3. Philadelphia 17. Austin
4. Pittsburgh 18. Baltimore
5. Chicago 19. Baton Rouge
6. Cincinnati 20. Dallas
7. Cleveland 21. Houston
8. Dayton 22. Nashville
9. Detroit 23. Washington, D.C.
10. Indianapolis 24. Denver
11. Kansas City 25. Los Angeles
12. Milwaukee 26. San Diego
13. Minneapolis-St. Paul 27. San Francisco
14. St. Louis 28. Seattle
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