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“" General-Equilibrium

Land Use

Everyihing should be mplained as simply ax poreible, bur not more o,
ARl Favien

'Ijhis chapler uses general-equilibeium analysis to explore the interactions between
different parts of the urban econamy, In contrast with partlal-equilibrium analysis,
which cramines a single market in isolation, general-equilibeium anlysis necig-
mizes thal markets are interdependent and explores the effects of changes in one
magket on related markets,

Urban ponsgral-equilibrium analysis explores the interactions between the fes-
idential Tand marked, the business lind market, and the wrban labor market, It is
used 10 predict the effects of changes in one: part of the urban econamy an land use
threughodt the urban area, This chapier uses peneral-cquilibrium anabysis o explore
the effects of three changes in the monocentric city; an increase in export sales, the
introduction of a streetcar system, and an increase in the residential property tax,
Later in the book, peveral-equilibrivm analysis is wsed 1o explore the land-use ef.
fects of chunges in technalogy and public policy. Cliagier 10 (Suburbanization and
Modern Citles) explores the Jand-use effects of the truck and the automobile, Chap-
ter 11 {Land-Use Controls and Zoning) examines the general-equilibrium effects of
vriows land-use condrols. Chapter 19 (Autos and Highways) explores the effects of
highway congeation on land-use patterns.

General-Equilibrium Conditions

Figure 9-1 shows the equilibrium land-use pattem of 3 monocentric city, The bid-
rent functin of the business sector {affice frms and manufacturers) is negatively
slaped, reflecting the benefits of locating near the central market area and the central
expon node. The bid-rent function of resldents s nepatively sloped. reflecting the
Beeivedins of kcating near jobs in office ond manafacnring firme, The central business

i
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Ficure 9-1 Equilibrium Land-Use Pattern in a Monocentric City

Bid-rent function of business

Bid-rent function of residents

Bid-rent function of farmers

Land rent per acre

Ry

Distance from city center (miles)

Farming

Business firms outbid residents for central land, generating a CBD with radius u;. The SRD is the area over which
residents outbid firms and farmers, that is, a ring with width (u;, — u5).

district (CBD) is the area over which firms (office firms and manufacturers) outbid
residents, so the radius of the CBD is u;, miles. The suburban residential district
(SRD) is the area over which residents outbid firms and farmers, so'the SRD is a
ring of width (uy, — u,) miles. For land beyond uy, farmers outbid residents, so the
radius of the city is uj, miles.
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The monocentric city is assumed to be one of \hundreds of cities in a regional
economy. The city is “open” in the sense that houstholds and firms can costlessly
enter or leave the city. The city is “small” in the senbe that it is a trivial part of the
regional economy, so that changes in the city do not affect the common utility level
of the region’s residents. Any change that increases| the utility level of the city’s
residents causes in-migration from the rest of the region. This migration bids up the
prices of housing and land (increasing the cost of living), decreasing the utility level
of the city’s residents. Migration continues until the original utility level is restored.

The urban economy achieves general equilibrium when four conditions are sat-
isfied simultaneously:

1. Locational equilibrium for firms. If all firms make zero profits at all
locations, there is no incentive to change locations. This condition is
guaranteed by the business bid-rent function, Ry: competition for land
bids up the price of land at locations with relatively low transportation
costs, so firms are indifferent among all locations in the city.

2. Locational equilibrium for households. If all households achieve the
same utility level at all locations in the city, there is no incentive to
change locations. This condition is guaranteed by the residential bid-rent
function, Ry: competition for land bids up the price of land at locations
with relatively low commuting costs, so households are indifferent among
all locations in the city.

3. Competitive bidding. Land is allocated to the highest bidder. This con-
dition is satisfied if landowners, like other people in a competitive econ-
omy, seek the highest return on their assets.

4. Labor-market equilibrium. The total demand for labor (from office
firms and manufacturers in the CBD) equals the total supply of labor
(from residents in the SRD).

To summarize, general equilibrium occurs when both the land market and the labor
market are in equilibrium at the same time.

[

Numerical Examples of General-Equilibrium Analysis

This section uses two numerical examples to explain the principles of general-
equilibrium analysis. An increase in export sales has a direct effect on the CBD land
market, and the introduction of a streetcar system has a direct effect on the SRD
land market.

Initial Equilibrium

Table 9-1 shows the numbers associated with the monocentric city depicted in Figure
9-1. In initial equilibrium, the CBD radius is two miles, and the city radius is six
miles. The land area of the CBD is computed with the formula for the area of a circle:

CBD land area = 7 - (up)? -1
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TasLE 9-1 General-Equilibrium Effects of an Increase in Export Price

and Export Sales
Initial Partial General
Equilibrium Equilibrium Equilibrium

Radius of CBD in miles () " _ 20 25 22
Area of CBD (square miles) 12.56 19.63 1520
‘Width of SRD in miles (u, — ) 40 35 43
Area of SRD (square miles) 100.48 74.58 117.47
Radius of city in miles () 6.0 6.0 6.5
Area of city (square miles) 113.04 113.04 132.67
Wage ($ per hour) 100 10.0 130
Average labor density (workers per square mile) 20,000 22,000 21,000
Total labor demand (workers) 251,200 431,750 319,150
Average household density (households per square mile) 2,500 2,500 2,717
Total labor supply (workers) 251,200 186,438 319,150

Because u;, is 2 miles, the CBD land area is 12.56 square miles. The land area of the
city is
City land area = 7 - () 9-2)

Because u;, is 6 miles, the land area of the city is 113.04 square miles. The land area
of the residential district is the difference between the land areas of the city and the
CBD, or 100.48 square miles.

The city is in general equilibrium because total labor supply equals total labor
demand. Total labor demand equals the land area of the CBD times the average
number of workers per square mile: '

Total demand = CBD land area - Average employment density (9-3)

In Table 9-1, the average employment density is 20,000 workers per square mile,
so total labor demand is 251,200 Total labor supply equals the land area of the SRD
times average household density (assuming that there is one worker per household):

Total supply = SRD land area - Average household density 94

In Table 9-1, the average household density is 2,500 per square mile, so total labor
supply is 251,200. Labor supply equals labor demand, so the land-use allocation
shown in Figure 9-1 is an equilibrium allocation.

Increase in Export Sales

- Suppose that the price of baseballs (the city’s export good) increases. What are the
effects of the price increase on the city’s land and labor markets?

Consider first the effect of the price increase on the CBD land market. In the

short run, the increase in price increases the profits of baseball firms. The demand

for CBD land increases as (1) existing baseball firms increase their output and (2)
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FiGure 9-2  Partial-Equilibrium Effects of an Increase in Export Price
and Export Sales
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An increase in the price of exports shifts the business bid-rent function upward. The CBD expands (the ra-

(Siilsxs ni]?lcrc;ases from 2.0 miles to 2.5 miles) at the expense of the SRD (the width decreases from 4.0 miles to
.5 miles). ’

new firms enter the baseball industry. The increase-in the demand for land shifts
the bid-rent function for business land upward, as shown in Figure 9-2. The upward
shift of Ry is consistent with the leftover principle: at the higher baseball price, firms
have a greater excess of revenue over nonland cost, so they are willing to pay more
for land. As the business bid-rent function shifts upward, the CBD expands at the
expense of the residential area: the radius of the business district increases from 2.0
miles to 2.5 miles, and the SRD shrinks from a width of 4.0 miles to 3.5 miles.

How does the upward shift of the business bid-rent function affect the urban
labor market? Total labor demand increases for two reasons:

1. CBD territory effect. As shown in the second colurmn of Table 9-1, the
land area of the CBD increases from 12.56 square miles to 19.63 square
miles.

2. Employment density effect. The increase in the relative price of land
causes baseb.all firms to substitute nonland inputs (capital and labor) for
land, increasing labor density (workers per square mile). In the second
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column of Table 9-1, labor density has increased from 20,000 workers
per square mile to 22,000. '

In combination, these two effects increase total labor demand from 251,200 to
431,750. The upward shift of the business bid-rent function also decreases total la-
bor supply: the CBD encroaches on SRD land, decreasing total supply from 251,200
to 186,438. Because labor demand increases and labor supply decreases, there is
excess demand for labor. '

The increase in price increases labor demand while it decreases labor supply,
and the excess demand for labor increases the city’s wage. The increase in the wage
increases the quantity of labor supplied for two reasons: '

-1. SRD territory effect. An increase in the wage increases the relative
attractiveness of the city. Laborers from the rest of the region move to
the city, bidding up the prices of housing and residential land. Ry, shifts
upward, increasing the size of the SRD as residents outbid farmers (for
land near the city border) and firms (for land near the CBD border). As
the residential district expands, total labor supply increases.

2. Household density effect. As the price of housing increases, house-
holds substitute nonhousing goods for housing, so housing consumption
per household decreases. In addition, as the price of residential land in-
creases, housing producers substitute capital for land, so the amount of
land per unit of housing decreases. In combination, these two changes
decrease land consumption per household, that is, every household occu-
pies a smaller lot. The decrease in land consumption increases household
density (the number of households and laborers per square mile), increas-
ing total labor supply.

To summarize, the increase in the wage increases the quantity of labor supplied be-
cause both the size and the density of the residential district increase.

How does the increase in the wage affect the demand side of the labor market?
The increase in the wage decreases the quantity of labor demanded for two reasons:

1. CBD territory effect. An increase in the wage increases production
costs, Some firms decrease their output, and other firms shut down. The
decrease in production activity decreases the demand for land, so the
business bid-rent function drops. As the CBD loses territory to the resi-
dential district, total labor demand decreases.

2. Employment density effect. The increase in the wage decreases land
rent. As the relative price of labor increases, firms substitute land for
the relatively expensive labor. Labor density (the number of workers per
square mile) decreases.

To summarize, the increase in the wage decreases the quantity of labor demanded
because both the size and the density of the business district decrease.

These two changes in the labor market narrow the gap between labor supply
and labor demand. The wage continues to rise until general equilibrium is restored.
Figure 9-3 shows the new equilibrium allocation of land, and the third column of

Land rent per acre
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FIGURE 9-3  General-Equilibrium Effects of an Increase in Export Price
and Export Sales

$

Business bid-rent function
with higher wage

Household bid-rent function
with higher wage

|
|
|
|
|
|
|
I
!
|
|

22 6.5
Distance from city center (miles)

The increase in the export price causes excess demand for labor, increasing the city’s wage. The increase
in the wage shifts the business bid-rent function downward and shifts the residential bid-rent function up-
ward. The net effect is a larger CBD (the radius increases from 2.0 miles to 2.2 miles) and a larger SRD
(the width increases from 4.0 miles to 4.3 miles).

Table 9-1"shows numbers behind the new allocation. The new equilibrium wage
is $13 per hour (up from $10). The CBD radius is 2.2 miles, and labor density is
21,000 workers per square mile, so total labor demand is 319,150. The SRD is 4.3
miles wide and household density is 2,717 per square mile, so total labor supply is
the same as total demand. In other words, general equilibrium is restored with a wage
of $13. For a lower wage, labor demand would exceed supply; for a higher wage,
supply would exceed demand.

There are four lessons from the general-equilibrium analysis of the increases in
the export price:

1. Market interactions, Changes in the CBD (the business land market)
affect the city’s labor market and its residential land market. The upward
shift of the business bid-rent function increases the size and the density
of the CBD, causing excess demand for labor. The resulting increase in
the wage shifts the bid-rent function of residents upward, increasing the
size and density of the SRD.
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2. Shifts in bid-rent functions. The increase in the export price causes
an upward shift of the business bid-rent function (a partial-equilibrium
effect). The resulting increase in the wage causes a downward shift of
the business bid-rent function (a general-equilibrium effect).

3. Land rent. The increase in the export price increases land rent through-
out the city. The increase in export production increases the demand for
land in both the CBD and the residential district, so landowners through-
out the city benefit from the increase in export sales.

4. Welfare effects of increased export sales. In general equilibrium, the
city’s residents are no better off in the larger city. The increase in the
wage is offset by higher costs of housing and land, leaving the utility
level unchanged. The increase in export sales increases the number of
residents, not their utility.

A Streetcar System

As a second illustration of general-equilibrium analysis, suppose that the city installs
astreetcar system. The streetcar decreases the time and monetary cost of commuting,
causing a number of changes in the urban economy.

How does the streetcar system affect the residential bid-rent function? Asex-
plained in Chapter 8 (Land Use in the Monocentric City), the slope of the bid-rent
function is determined by commuting costs: the lower the unit cost of commuting, the
flatter the bid-rent function. In Figure 9-4, the streetcar system decreases the slope
of the bid-rent function and increases the width of the SRD from 4 to 6.2 miles. The
streetcar system makes peripheral areas accessible to CBD jobs, allowing residents
to outbid farmers for land near the city’s edge. In addition, residents outbid firms for
the land near the CBD border. This is the partial-equilibrium effect of the streetcar
system.

The upward tilt of the residential bid-rent function increases total labor supply
for two reasons:

1. SRD territory effectThe expansion of the residential district increases
labor supply. Table 9-2 shows an increase in the land area of the resi-
dential district from 100.48 square miles in column one to 190.88 square
miles in column two.

2. Household density effect. The increases in the prices of housing and
land cause consumer substitution (consumers substitute nonhousing goods
for housing) and factor substitution (housing producers substitute nonland
inputs for land). The lot size per household decreases, increasing popu-
lation density. Table 9-2 shows an increase in household density from
2,500 in column one to 2,700 in column two.

To summarize, the streetcar system increases the quantity of labor supplied because it

- increases both the size and the density of the residential district. The streetcar system

increases the relative attractiveness of the city, causing in-migration that bids up the
price of land. People migrate from other cities because workers in the streetcar city
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Ficure 9-4  The Partial-Equilibrium Effect of the Streetcar System
$
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The streetcar system decreases commuting cost, decreasing the slope of the residential bid-rent function.
The width of the SRD increases from four miles to six miles, and the city radius increases from six miles
to eight miles.

TABLE 9-2 General-Equilibrium Effects of a-Streetcar System

Initial Partial General
Equilibrium  Equilibrium  Equilibrium

Radius of CBD in miles () 20 1.8 23
Area of CBD (square miles) 12.56 10.18 16.61
Width of SRD in miles (u, — u;) 4.0 6.2 4.8
Area of SRD (square miles) 100.48 190.88 141.68
Radius of city in miles (u,) 6.0 8.0 7.1
Area of city (square miles) 113.04 201.06 158.29
Wage (3 per hour) 10.0 10.0 6.0
Average labor density (workers per square mile) 20,000 20,000 22,000
Total labor demand (workers) 251,200 203,575 365,433
Average household density (households per square mile) 2,500 2,700 2,579
Total labor supply (workers) 251,200 515,380 365,433
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have shorter commuting times, so they have higher net income (gross labor income
less the time cost of commuting).

The streetcar causes an excess supply of labor. The CBD shrinks, so labor de-
mand falls at the same time that labor supply increases. The excess supply of labor
decreases the city’s wage, causing changes on both sides of the labor market. On
the demand side, the business bid-rent function shifts upward, increasing both the

_ territory and the employment density of the CBD. On the supply side, the residential

bid-rent function shifts downward, decreasing both the territory and density of the
residential district.

These two changes in the labor market narrow the gap between labor supply
and labor demand. The wage continues to drop until general equilibrium is restored.
Figure 9-5 shows the new equilibrium allocation of land, and the third golumn of
Table 9-2 shows numbers behind the new equilibrium. The new equilibrivm wage
is $6 per hour (down from $10). The CBD radius is 2.3 miles, and the SRD is 4:8
miles wide. The equilibrium number of laborers is 365,433. There are three basic
lessons from the general-equilibrium analysis of the streetcar:

FIGURE 9-5 The General-Equilibrium Effect of the Streetcar
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1. Tilt and shift of the residential bid-rent function. The streetcar af-
fects the residential bid-rent function in two ways. The upward tilt (or
flattening) of the function is the partial-equilibrium effect, which occurs
because the streetcar decreases commuting cost. The downward shift is
the general-equilibrium effect, which occurs because the streetcar causes
an excess supply of labor, decreasing the city’s wage.

2. Land rent. The streetcar increases land rent in both the SRD and the
CBD. The streetcar increases the accessibility of residential land, so
residents are willing to pay more for land. The streetcar also decreases
wages and production costs, so firms are willing to pay more for land in
the CBD. Landowners throughout the city benefit from the streetcar,

3. Welfare effects of the streetcar. In general equilibrium, the city’s resi-
dents are no better off with the streetcar. Because the city-is “open,” the
streetcar causes in-migration from the rest of the region that decreases
wages and increases the prices of housing and land. The benefits of the
streetcar (faster and cheaper commuting) are offset by lower wages and a
higher cost of living,

—
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The streetcar causes excess supply of labor, decreasing the city’s wage. The business I'Jldrem function shifts
watd, and the residential bid rent shifts downward. The CBD grows, and the SRD shrinks, General equilibrium

is restored with a larger SRD (the width increases from 4.0 miles to 4.8 miles) and a larger city (the radius in-
creases from 6.0 miles to 7.1 miles).

The General-Equilibrium Effects of the Property Tax

Consider a city that initially finances all of its public services with a land tax. If
all the land in the city is owned by people living outside the city, the city’s public
services are initially financed by a tax on absentee landowners, Suppose that the city
replaces its land tax with a tax on residential capital (improvements such as houses
and apartments), and the capital tax is paid by the city’s residents. Under the new
tax policy, city residents pay more taxes but do not receive more public services.
----How does the property tax affect the city’s economy? There are two ways to an-
swer this question. First, a graph can be used to show the partial-equilibrium effects
of the tax. Second, a computer can be used to show the general-equilibrium effects
of the tax. ’ — o

Figure 9-6 shows the partial-equilibrium effects of the residential property tax.
The property tax is a tax on both land and capital (improvements), so the tax liability
increases with the amount of improvements. As explained in Chapter 8 (Land Use
in the Monocentric City), the capital-land ratio increases as one approaches the city
center because housing producers substitute capital for relatively expensive land.
Because the amount of improvements per acre is larger closer to the city center, the
tax liability per acre increases as one approaches the city center. For example, an
apartment building on a one-acre site two miles from the city center faces a higher
tax liability than a single-family home on a one-acre site five miles from the city
center. Therefore, the closer the site to the city center, the larger the downward shift
of the bid-rent function. This is shown in Figure 9-6: the gap between the pre-tax
and post-tax bid-rent functions increases as one approaches the city center.

What are the general-equilibrium effects of the residential property tax? In
other words, how does the tax affect the urban labor market? The downward shift
of the residential bid-rent function decreases the territory and the density of the
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Ficure 9-6  Partial-Equilibrium Effects of the Residential Property Tax
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The residential property tax is partly a tax on improvements, so it generates a larger tax burden on locations
with large capital-land ratios. Therefore, the gap between the pre-tax and the post-tax residential bid-rent
functions increases as one approaches the city center. : -

residential district, causing an excess demand for labor. The city’s wage increases,
causing changes in the CBD and SRD that narrow the gap between supply and de-
mand. In the CBD, the increase in the wage increases production costs and decreases
the bid rent for business land. The resulting decrease in the size and the density of
the CBD decreases the quantity of labor demanded. In the SRD, the increase in the
wage shifts the residential bid-rent function upward. The resulting increases in the
size and the density of the residential district increase the quantity of labor supplied.
The wage continues to fall until general equilibrium is restored.

What will the city look like after general equilibrium is restored? One way to an-
swer this question is to use a computer to generate two pictures of the urban economy,
one before the property tax is imposed and one after the economy has adjusted to the
new tax. An urban general-equilibrium computer model allocates different plots of
land in a hypothetical city to firms (labor demanders) and households (labor suppli-
ers). If a particular allocation does not satisfy the conditions for general equilibrium,
the computer tries a different allocation. This groping process continues until an
equilibrium allocation is found. The computer model can be designed to compute
a pre-tax equilibrium and a post-tax equilibrium. By compating the “before” and
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TABLE 9-3  General-Equilibrium Effects of the Residential Property Tax

Initial General
Equilibrium Equilibrium

Number of households 250,038 255,853
Territories

Radius of CBD (miles) 2916 2.85

Width of SRD (miles) 3.582 3.378

Radius of city (miles) 6.498 6.228
Input Prices

Wage (8 per hour) 10.00 10.02

Median CBD land rent ($ per acte per year) 28,999 26,016

Median SRD land rent ($ per acre per year) - 2,886 2,761
Density

Average labdr density (workers per square mile) 9,360 8,851

Average'household density (households per square mile) 2,359 2,344

Land'Rent
BD Iand rent ($ per week) 7,053,134 6,258,973
SRD land rent ($ per week) 3,580,168 3,163,577
Total land rent ($ per week) 10,633,302 9,422,550

Source: Arthur M. Sullivan, “The General Equilibrium Effects of thé Residential Property Tax: Incidence
and Excess Burden,” Journal of Urban Economics 18 (1985), pp. 235-50.

“after” snapshots of the urban economy, one can identify the general-equilibrium
effects of the property tax.

Sullivan (1985) used a computer model to simulate the effects of a 1.7 percent
residential property tax. The results of the study are listed in Table 9-3. The hypo-
thetical city has an initial work force of about 250,000 and a population of about
500,000. The property tax decreases the city’s land area, population, employment _
density, and population density. Although the tax applies only to residential prop-
erty, it ultimately affects land rent and land use throughout the city. Land rent at
the median CBD location decreases 11 percent (to $26,016 per acre per year), and
land rent at the median SRD location decreases 4 percent (to $2,761 per acre per
year). Employment density decreases 5.7 percent, and household density decreases
1 percent. The decrease in total land rent is about 160 percent of the total revenue
from the property tax. The computer model provides a comprehensive view of the
general-equilibrium effects of the property tax.

Summary

1. In the small, open city, the utility level of residents is fixed: any change that
increases the relative attractiveness of the city causes in-migration that in-
creases housing and land prices, decreasing utility to its original level.
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2. The urban economy achieves general equilibrium when four conditions are
met.

a. Firms make zero economic profit at all locations (guaranteed by the bid-
rent functions).

b. Households achieve the same utility level at all locations (guaranteed by
the bid-rent functions).

¢. Land is rented to the highest bidder.

d. Total demand for labor (from firms in the business district) equals total
supply (from residents in the residential district).

3. An increase in the export price shifts the business bid-rent function upward,
increasing labor demand as the size and the density of the CBD increase.

a. The excess demand for labor increases the wage.

b. The increase in the wage shifts the residential bid-rent function upward,
increasing the quantity of labor supplied as the size and the density of the
SRD increase.

¢. The increase in the wage also shifts the business bid-rent function down-
ward, decreasing the quantity of labor demanded as the size and the den-
sity of the CBD decrease.

d. The wage continues to rise until labor supply equals labor demand.

4. The streetcar system decreases the slope of the residential bid-rent function,
tilting it upward. The size and the density of the residential district increase,
increasing total labor supply. '

a. The excess supply for labor decreases the wage.

b. The decrease in the wage shifts the business bid-rent function upward,
increasing the quantity of labor demanded as the size and the density of
the CBD increase.

¢. The decrease in the wage shifts the residential bid-rent function down-
ward, increasing the quantity of labor supplied as the size and the density
of the SRD decrease.

d. The wage continues to drop until labor supply equa]s labor demand.

5. In general equilibrium;-city residents are no better off with the streetcar. Mi-
gration to the open city decreases wages and increases the prices of housing
and land, offsetting the benefits of the streetcar.

The property tax decreases the slope of the residential bid-rent function, de-

creasing the supply of labor as the residential district decreases in size and

density. In general equilibrium, the property tax decreases the city’s size,
density, and total land rent.

N

Exercises and Discussion Questions

1. Suppose that the intracity truck is introduced into the traditional monocentric
city, decreasing the cost of intracity freight. Depict graphically the partial-
equilibrium and general-equilibrium effects of the truck.

2. Consider the city of Swampville, a city that recently drained a swamp near
its city center and thus increased the supply of developable CBD land by
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10 percent. Predict the effects of the draining of the swamp on (4) land rent
‘in the CBD, (b) land rent in the residential district, (c) employment density
(d) residential density, (e) the equilibrium wage, and (f) total employment. ’
. Consider a traditional 19th—century monocentric city with a CBD radius of
one mile. In 1869, buildings at the edge of the CBD are four stories tall,

In 1870, all the buildings in the CBD are destroyed by an earthquake. The
city announces that in the rebuilt city (i) the maximum build-
will be four stories and (ii) business development will be confined
to a efrcle with a one-mile radius: the radius of the CBD is fixed at one
e. Discuss the effects of the height restriction on () the demand for la-
bor, (b) the supply of labor, (c) the equilibrium wage, (d) residential density,
and (e) the city radius. 7

(S

4. Suppose a city restricts the heights of its residential structures. The maxi-

mum building height is four stories, the height that would normally occur at

a distance of five miles from the city center.

a. Draw two residential bid-rent functions, one for the city in the absence of

- height restrictions and one with height restrictions.

b. Discuss the effects of the height restrictions on wages, total employment,
and land rent in the CBD.

5. Suppose a city imposes a gas tax of $1 per gatlon and uses the increase in
tax revenue to decrease other taxes. The tax Liability of the typical resident
is unchanged by the change in tax policy.

a. Draw two residential bid-rent functions, one before the gas tax and one
after the tax is imposed.

b. Discuss the effects of the gas tax on wages, total employment, and land
rent in the CBD.

6. Suppose that the government subsidizes the construction of radial highways.
How will such a policy affect land rent, land use, and wages in cities?

7. Suppose that the government subsidizes the production of agricultural prod-
ucts. How will such a policy affect land rent, land use, and wages in cities?

8. Suppose a city builds a streetcar system and passes a law that prevents any
outsiders from moving to the city. In other words, the city keeps its popula-
tion at its pre-streetcar level, so it is a “closed” city instead of an open one.
Depict graphically the partial-equilibrium and general-equilibrium effects of
the streetcar in the closed city.

9. Chapter 6 (Urban Economic Growth) uses a supply-demand model to depict
the urban growth process.

a. Use the supply-demand model to depict the general-equilibrium effects of
the streetcar shown in Table 9-2. Be sure that your picture matches the
numbers in the table.

b. Compute the elasticity of labor demand with respect to the wage.

10. Use a graph to show the partial-equilibrium effects of a tax on business
property. Outline the general-equilibrium effects of the business property
tax. How do these general-equilibrium effects of the business property tax
differ from the effects of the residéntial property tax?
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11, Consider a rectangular city with the following characteristics:
i. The city is two miles wide.
ii. The CBD is on a harbor, and the SRD stretches to the east of the
. CBD.
iii. Manufacturers transport their output from factories to the CBD docks
by horse-drawn wagon.
iv. Labor demand is a fixed 2,000 workers per square mile (no factor
substitution).
v. Labor supply is a fixed 500. workers per square mile (no consumer or
factor. substitution). ‘
vi. In the initial equilibrium, the wage is $10, the CBD is one mile long,
: and the SRD is four miles long.
a. Draw the bid-rent functions consistent with the assumptions above.
b. Show that the city is in equilibrium with a one-mile CBD and a four-mile
SRD.
Suppose that the intracity truck replaces the horse-drawn wagon. The partial-
equilibrium effect of the truck is to increase the CBD’s length by 0.50 miles.
¢. Depict graphically the partial-equilibrium effect.
d. What is the partial-equilibrium effect on the labor market: by how much
does labor demand exceed labor supply?
e. Will the wage increase or decrease?
f The table below lists the length of the CBD and the length of the city for
different wages. What is the new equilibrium wage for the city?

Wage CBD Length SRD Length City Length
($ per hour) (miles) (miles) (miles)
10.0 1.50 4.0 5.50
1.0 1.42 43 5.75
120 1.33 47 6.00
13.0 1.25 5.0 625 -
140 1.17 53 . 650

References and Additional Readings

Theoretical General-Equilibrium Models

Brueckner, Jan K. “Labor Mobility and the Incidence of the Residential Property Tax.”
Journal of Urban Economics 10 (1982), pp. 173-82. Uses a theoretical general-
equilibrium model to explore the effects of the residential property tax on the urban
labor market.

Mills, Edwin S. “An Aggregative Model of Resource Allocation in a Metropolitan Area.”
American Economic Review, Papers and Proceedings, May 1967, pp. 197-210.

Chapter 9 General-Equilibrium Land Use 249

Reprinted in Readings in Urban Economics, ed. Matthew Edel and Jerome Rothen-
berg. New York: Macmillan, 1972, The first general-equilibrium model of the urban
economy.

Polinski, A. M., and D. L. Rubinfeld. “The Long-Run Effects of a Residential Property
Tax and Local Public Services.” Journal of Urban Economics 5 (1978), pp. 241-62.
A theoretical model that explores the interactions between a city’s land markets and

its Tabor market. Discusses the general-equilibrium effects of the property tax on a

number of city characteristics.

Wheaton, William. “Monocentric Models of Urban Land Use: Contributions and Criti-
cisms.” In Current Issues in Urban Economics, ed. Peter Mieszkowski and Mahlon
Straszheim. Baltimore: Johns Hopkins, 1979. Discusses several renditions of the tra-
ditional monocentric model.

Computer Models of Urban Land Use

Birch, David; Reilly Atkinson; Sven Sundstrom; and Linda Stack. Patterns of Urban
Change. Lexington, Mass.: Lexington Books, 1974, A simulation model that pre-
dicts the location patterns of housing and employment.

Mills, Edwin S. “Planning and Market Processes in Urban Models.” In Public and Ur-
ban Economics, ed. Ronald Grieson. Lexington, Mass.: Lexington Books, 1976. A
model that uses linear and nonlinear programs to allocate land to different activities.

Sullivan, Arthur M. “The General Equilibrium Effects of the Residential Property Tax:
Incidence and Excess Burden.” Journal of Urban Economics 18 (1985), pp. 235-
50. Uses a computational model of a monocentric city to simulate the general-
equilibrium effects of the residential property tax.

Computer Models of Residential Land Use

"Amott, R. J., and J. G. MacKinnon. “The Effects of the Property Tax: A General Equi-
librium Simulation.” Journal of Urban Economics 4 (1977), pp. 389-407. Uses a
general-equilibrium model of the residential sector to compute the effects of the ™~
property tax on residential land rent and land use.

Carlton, D. W. “The Spatial Effects of a Tax on Housing and Land.” Regional Science
and Urban Economics 11 (1981), pp. 509-27.

Grieson, Ronald. “The Economics of Property Taxes and Land Values: The Elasticity of
Supply of Structures.” Journal of Urban Economics 1 (1974), pp. 367-81.

Leroy, S. F. “Urban Land Rent and the Incidence of Property Taxes.” Journal of Urban
Economics 3 (1976), pp. 167-79.

Mills, Edwin S. Studies in the Structure of the Urban Economy. Baltimore: Johns Hop-
kins, 1972. A general-equilibrium model is used to simulate the effects of trans-
portation congestion on residential land rent and land use. The demand side of the
urban labor market is not included in the model.

Solow, Robert M. “Congestion Costs-and the Use of Land for Streets.” Bell Journal
of Economics and Management Science 4 (1973), pp. 602-18. Uses a general-
equilibrium model of the residential sector to simulate the effects of congestion
externalities on residential land use and the use of land for streets.

. “Congestion, Density, and the Use of Land in Transportation.” Swedish Journal of

Economics 74 (1972), pp. 161-73. Uses a general-equilibrium model of the residen-

tial sector to simulate the effects of congestion externalities on residential land use

and the use of land for streets,




