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Glossary ¢

Agglomeration economies Economic forces that
'~aencourage the spatial concentration of economic activity.
Agricultural bid rent (at location x in use i) The
“maximum amount a farmer is able to pay in land rent per
 unit area at location X, conditional on farming it in use i.
E-Closed city A city with a fixed population, with no in- or
~ out-migration.

- Muth rule A class of formulae expressing that the

_ difference in rent (housing or land) between two

~ locations reflects the difference in their accessibilities.
=

Introduction

What determines the pattern of land use within a city?
How is the city divided spatially between residential and
nonresidential land uses? And what determines the resi-
dential locations of different income-demographic
groups? These are the basic questions of the new urban
€Cconomics. (Notg that throughout the article, ‘city’
denotes the entire metropolitan area.)

The 1950s and 1960s saw a general equilibrium
revolution in applied microeconomics. Prior to that,
most applied microeconomics was partial equilibrium
analysis — the single market, diagrammatic analysis
encountered in today’s economic principles courses.
General equilibrium analysis, in contrast, focuses on the
interrelation between different markets. The (now not so)
new urban economics is the manifestation of this general
equilibrium revolution in the context of urban economics.
Prior to the 1960s, urban economics was largely discursive,
demonstrating considerable accumulated wisdom but con-
taining little systematic theory. The new urban economics
was born in the 1960s, came of age in the 1970s, and
reached maturity in the 1980s. Even though there has
been little theoretical development since then, the new
urban economic theory remains the foundation of modern
urban economics.

The method of modern applied microeconomics puz-
zles many noneconomists. The method is model-based.
A naively simple model is constructed that focuses on the
behaviour of rational and typically self-interested eco-
nomic agents in a particular economic context, and that
elucidates some basic economic principles. That model is
then gradually extended in the direction of realism in

&

Open city A city in which households migrate freely in
and out, so as to equalise the utility between the city and
the rest of the world.

Residential bid rent (at location x by group i condi-
tional on u) The maximum amount a household in
group i is able to pay in land rent per unit area at location
X, conditional on receiving utility u.

Von Thiinen rings Rings of different agricultural land
uses surrounding a central market, reflecting differences
by land use in the costs of transporting a unit area’s
output to market.

many different ways, and is added to the kitbag of models
that the applied microeconomist employs in his policy
analysis. The naively simple model that provides the
foundation of the new urban economics is the basic mono-
centric (city) model, which describes the equilibrium of
residential land use around a point central business dis-
trict (CBD), where all nonresidential activity occurs. The
basic principle it elucidates is how land rents at different
locations adjust to offset differences in transport costs.
Thus, the basic monocentric model links the land market
and the transport market. Augmenting the basic mono-
centric city model to include production, labour, housing,
and local public services financed by taxes yields a self-
contained urban economy, in which all its markets are
interrelated.

In Europe, location theory, housing economics, trans-
port economics, and local public finance are separate
fields with separate specialists. In North America, those
parts of these fields that apply to cities have been inte-
grated under the umbrella of urban economics. This
integration has been achieved through the new urban
economics, with its conception of a self-contained urban
economy with interrelated markets.

Intellectual Antecedents

Historically, Anglo-Saxon economics deemphasised
space, and its agricultural land rent theory followed
David Ricardo in focusing on differences in fertility in
explaining differences in land rent and land use.
Continental economics, in contrast, paid considerable
attention to space, and focused on differences in

APPROACHES
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112 New Urban Economics and Residential Location

accessibility in explaining differences in land rent. Almost
all the major contributors to spatial economic theory were
trained in the German economic tradition, and the spatial
economic theory taught today in English-language uni-
versities was introduced to Britain and the United States
by German émigré economists.

Johannes von Thiinen is the giant among spatial eco-
nomic theorists. In The Isolated State, he developed a
general equilibrium model of an agricultural economy
organised around a central marketplace. Since his work
provides the foundation of residential location theory, a
simplified version of his model is now presented.

Imagine a large homogeneous plain (there are no
mountains or rivers, and the fertility of land and the
climate are the same everywhere) populated by farmers.
The plain is divided up into market areas. Each of these
market areas is self-sufficient, and contains a central mar-
ketplace, perhaps a town, surrounded by agricultural land.
To sell his produce, a farmer hds to transport it to the
closest marketplace. A farmer whose land is located closer
to the central marketplace incurs less in transport costs,
and is therefore willing to pay more in land rent. To start
with, consider a very simple agricultural economy with a
single crop and a classical technology, in which a unit of
land requires a fixed number of labourers to plant and
harvest the crop. The following notation is employed:

p  price per unit of agricultural output

0  yield per unit area

w  the agricultural wage

n  the number of labourers required per unit area of

land

distance to the closest central market

e costof transporting one unit of the agricultural good
a unit distance

7(x) economic profit per unit area of land at x

R(x) agricultural land rent per unit area at x

R

The economic profit per ugjt area of land at a distance x
away from the central market is

(%) = p—wn—Oxe— R(x). (1)

The farmer receives pf in revenue per unit area of land
from the sale of his produce. He incurs three costs per unit
area of land: labour costs (the wage rate times the number
of labourers per unit area of land, wnz); transport costs
(output per unit area of land times the distance shipped
times the cost of transporting a unit of output a unit
distance, fxe); and land rent (R(x)). His profit per unit
area of land equals his revenue minus his costs.

The market for land is assumed to be competitive. As a
result, farmers bid up the rent on land at each location
until the profit from farming a unit area of land at that
location equals zero. Thus,

7(x) =0 for all x. (2)

)

Combining [1] and [2] yields the equilibrium land rent at x:

R(x)=p0—wn—xe. ~ (.Sy

Thus, the land rent per unit area of land at x equals the
revenue it generates minus the nonrent costs incurred in
farming it, the labour costs, and the costs of transporting
the output to the central market. Land rent is therefore
determined as a residual.

Figure 1 displays the determination of land rent per
unit area at x graphically.

Examine [3]. Suppose that the price of the agricultural
good increases by one unit, all else being equal. The
farmer’s revenue per unit area of land increases by 6, so
he is willing to bid @ more to farm a unit area of land.
Suppose that the agricultural wage increases by one unit.
The farmer’s costs per unit area of land increase by 7, so
he is willing to bid # less to farm the unit area of land.
Suppose that the cost of transporting a unit of output a
unit distance increases by one unit. As, for every unit area
of land, the farmer has to transport € units of output of
land x units of distance, the transport costs he incurs per
unit area of land increase by 6, so he is willing to pay fx
less to farm a unit area of land at that location.

Now extend the model by considering the same econ-
omy but with two agricultural goods, wheat (W) and
tomatoes (T). Tomatoes are more perishable and so
their transport costs per unit distance are higher. To
deal with this extension, a new concept is introduced
that is used extensively in land rent theory.

Define the bid rent on land at location x in use 7, #/(x),
to be the maximum amount that a farmer at location x is
willing to pay in rent per unit area of land to farm the land
in use 7 The graph of the function is called a bid-rent
curve in use 7.

The maximum amount a farmer is willing to pay in
rent per unit area of land to farm the land in a particular
use is that amount which drives his profit down to zero.
Thus,

$ 4 Oxe
unit area

po

pé—wn

R(x)=pf—wn-0xe

0 » X

Figure 1 Determination of land rent per unit area at x.
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V(x)=p' 0 —wnd —0'xe', i=W, T. (4)

The absolute value of the sloi)e\bf.the bid-rent curve for
product 7 is 6'¢. This is how muéh a farmer would save in
transport costs on product 7 per unit area of land if he
were located a unit distance closer to the central market,
and therefore the premium he would:be willing to bid for
a unit area of land in that use at the closer location.

Figure 2 plots the two bid-rent curves. The bid-rent
curve for tomatoes is drawn as steeper than that for wheat
as tomato production is more intensive than wheat pro-
duction and as tomatoes are more easily damaged or
spoiled in transportation.

The stage is now set to determine the equilibrium
pattern of land use. The guiding principle is

Principle 1: Land goes to that use which bids the most
for it.

In Figure 2, tomato farmers bid more for land between
the central market and x” than wheat farmers, and there-
fore the land goes to tomato farmers. Between x” and &’
wheat farmers bid a positive amount, and more than
tomato farmers, so that the land goes to wheat farmers.
Beyond «”, neither wheat nor tomato farmers are willing
to bid a positive amount to rent the land, so the land there
is unfarmed. Viewed from the air, the land planted in
tomatoes is a circle of radius x” and the land planted in
wheat is a ring (or annulus) with inner radius x" and outer
radius ¥”; hence, the term von Thiinen rings.

Land rent as a function of distance to the central
market is determified by another principle

Principle 2: The land rent at some location equals the
maximum of the bid rents at that location and zero.

Geometrically, the rent curve is obtained as the upper
envelope of the bid-rent curves and the zero line. Suppose
that the cost of shipping tomatoes falls. This has no effect on’
the amount a tomato farmer at the central market is willing
to pay in rent and reduces the premium tomato farmers are
willing to pay for a more central location. Thus, the bid-rent

$

unit area

b (x)=p"0" - wn" - 6Txe"

bY(x)=p"0" — wn" - 0" xe"

feccnnnnnons

0

4
x

’

X

Figure 2 Two agricultural bid-rent curves.

T

curve for tomatoes pivots counterclockwise around the
initial tomato bid rent at the central market. Tomato farm-
ing becomes more profitable, so that some land that was
previously planted in wheat is planted in tomatoes. It is
straightforward to determine the effects of other changes
on the equilibrimm pattern of land use and rent.

Residential Location Theory

In the 1960s, the von Thiinen theory of agricultural land
use and land rent was adapted to develop an accessibility-
based theory of urban residential location and rent —
residential location theory. A point CBD, where all
nonresidential activity takes place, replaces the central
market; residental land takes the place of agricultural
land; different household groups take the place of different
agricultural goods; and commuting costs take the place of
agricultural goods’ shipping costs to the central market.
The adaptation of the von Thiinen model to develop a
theory of residential location involves more than a relabel-
ling of variables, however. The von Thiinen model derives
the agricultural bid rents from the assumption that farmers
bid up rents to the point where zero profit is made in
equilibrium. But this condition does not apply to household
choice of residential location, and needs to be replaced by
some other condition.

Two types of cities are distinguished. In an open city,
households migrate freely between the city and the rest of
the world, so that in equilibrium each household is indif-
ferent between living in the city and living in the rest of
the world. The population of the various household
groups adjusts so that this condition is satisfied. In a closed
city, in contrast, the population of the various household
groups is fixed, and the residential rent function adjusts
such that the supply of land equals the demand for land at
all locations. Open city analysis is typically more relevant
in examining the long-run effects of a change in a parti-
cular city, and closed city analysis is more relevant for
examining either the short-run (before migration has
occurred) effects of a change in a particular city or the
effects of a change that occurs in all cities together.

Let us start with the simplest case of an open city and a
single household group. To further simplify, assume that
lot size is fixed at 7. Households derive utility from lot
size and other goods, whose price is set equal to 1. As lot
size is fixed, a household’s utility can be measured by the
quantity of other goods it consumes, C. Now consider a
household that lives a distance x away from the CBD. It
faces the budget constraint

Y =C+R(x)T + ex, (%)

where Y is the household’s income, which is fixed, R(x) is
the equilibrium land rent per unit area at &, and ¢ is the
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commuting cost per unit distance, so that ex is the com-
muting cost incurred by the household. Thus, the budget
constraint specifies that the household spends its income
on other goods, lot rent (R(x) T), and commuting costs. Let
C" be the quantity of other goods that the household can
consume if it lives in the rest of the world. If the quantity
of other goods a household can consume if it lives in
the city is higher (lower) than this, households migrate
into (out of) the city. Equilibrium is achieved only
when the maximum level of other goods a household
can consume — that amount that exhausts its budget — if
it lives in the city is the same that it would obtain in the
rest of the world. Thus, solving [5] with C= C" yields
the equilibrium rent function:

(Y—C;—ex). ©)

As a household saves e¢in commuting costs if it lives a unit

R(x) =

distance closer to the CBD, it is willing to pay e more in -

lot rent. And as lot size is 7, it is filling to pay a premium
of ¢/ T'in land rent per unit area. Thus, the absolute value
of the slope of the rent function is

IR ()] = = (7)

This is the Muth rule, in this context. Now determine the
equilibrium population. As a landowner is willing to rent
out his land at a positive rent but not at a negative rent,
land rent is zero at the boundary of the city, x". Thus,
x"=(¥—C")/e As the city is on a homogeneous plain, the
residential area is circular. Thus, the area of the city is
m(x")’, and as all the city’s area is used for residences, and
as lot size is 7, the equilibrium population is N* = (¥ —
C*Y’ /(€ T). How the equilibrium changes as parameters
change can easily be calculated. Suppose, for example,
that income increases. Lot rent rises by the full amount of
the income increase, so that the city boundary shifts out
and population increases.

Now consider a closed city with a single household
group. As the population isfixed at N, the residential area
is NT. As the city is circular, the radius of the city is
x*=(NT/m)'/? As rent at the urban boundary is zero and
as the Muth rule continues to apply,

R(x) = (%)(x*—x). (8)

The equilibrium of the closed city responds differently to
parameter changes than the equilibrium of an open city.
For example, in the closed city, an increase in income has
no effect on the rent function.

The closed city analysis is now generalised to two
household groups, using Figure 3. Each group has an
equilibrium bid-rent curve, which indicates how much
households in that group are willing to pay per unit area
of land as a function of x in order to achieve the

equilibrium level of utility for that group. Each group’s
equilibrium bid-rent curve satisfies the Muth rule for that
group. In equilibrium, the group that is-willing to pay the
higher premium per unit area of land to live closer to the
city centre lives closer to the city centre. For purposes of
illustration, suppose that the two groups are rich (R) and
poor (P), with N® rich households and N* poor house-
holds, and that the equilibrium bid-rent curve of the poor
is steeper than that of the rich: &/ T° > &/ T®. Then the
poor live in a circle of area NT* around the city centre
and the rich in a ring of area N®T® surrounding them.
The rent function is the upper envelope of the equili-
brium bid-rent curves. At the urban boundary, the
equilibrium bid rent of the rich equals zero, and at the
boundary between rich and poor, the equilibrium bid
rents of the rich and poor are equal.

The above analysis presented an especially simple
variant of the model. The standard model treats variable

_lot size and housing.

Application to Suburbanisation

With the development of geographical information sys-
tems (GIS), vast increases in computing power, and the
increased availability of spatial microdata, urban econom-
ics has become increasingly empirical. The United States
has been in the vanguard of this development, as a result
of which American cities have been studied considerably
more intensively than cities in other countries.

One of the most studied applications of the monocentric
model is suburbanisation in the United States. In the late
nineteenth century, US cities were CBD-oriented. The
CBD was the dominant employment and commercial
centre, and was connected to residential areas by radial
transit lines. By the end of the twendeth century, the
average US city had grown considerably in population
and even more in area, and the CBD had lost its dominance
as an employment centre (though still remaining the most
important centre), except in the FIRE (finance, insurance,
and real estate) industries, and provided a narrower range
of retail and entertainment services. Residential suburba-
nisation started in the mid-1800s with the commuter rail
suburbs, increased in the 1920s, slowed down during the
period from the Great Depression to the end of the Second
World War, and then exploded during the 1950s and 1960s.
The suburbanisation of jobs lagged the suburbanisation of
residences, but now jobs are almost as suburbanised as
residences. Currently, in major US metropolitan areas,
the median residence is 8 miles from the CBD and the
median job 7 miles.

How successful is the monocentric model in providing
an explanation of US suburbanisation consistent in the
two decades following the Second World War? The ear-
liest explanation that gained currency was that, in the
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Figure 3 Residential land use equilibrium with two household groups.

1950s and 1960s, the poor lived downtown and the rich in
the suburbs because the income elasticity of marginal
commuting costs (the cost of travelling an extra unit
distance) was less than the income elasticity of lot size;
which would imply that the equilibrium bid-rent curve of
the poor was steeper than that of the rich. In the late
1970s, this explanation was shown to be empirically weak.
The relative size of the two income elasticities was found
to be inconclusive, and average commuting distance was
shown to be several times that predicted by the mono-
centric model, indicating the importance of other factors
in residential location. An alternative explanation put
forward at that time was white, middle-class flight to the
suburbs, induced by not only racism (the massive migra-
tion of blacks from the rural south to cities in the north,
combined with racial discrimination in the suburbs, had
caused rapid expansion of the downtown black ghettos,
especially in the 1950s) but also the deterioration of
central city public services and high tax rates. An argu-
ment against this explanation was that the postwar
suburban explosion happened not only in the northern
US cities but also in Canadian cities, which had only small

black populations. The next explanation that gained cur-
rency was the motorisation of commuting. As travel by car
is considerably faster than travel by mass transit and as the
time costs of commuting dominate the money costs, mar-
ginal auto commuting costs are considerably lower than
marginal mass transit commuting costs. In terms of the
model, the bid-rent curve of auto commuters is flatter
than that of transit commuters. Car-owning households
chose to live in the suburbs, while non-car-owning house-
holds downtown. The improvement of urban highways,
especially in the 1960s, strengthens this explanation. The
current view is that the motorisation of commuting was
the primary cause of residential suburbanisation but that
other factors were important too.

Suburbanisation has been occurring in cities around
the world, though it started later and has proceeded less
rapidly than in the United States. Reasons include car
ownership and gasoline being more heavily taxed, urban
highway and freeway systems being less developed, sub-
urban land-use controls being stricter, and urban mass
transit travel exhibiting greater service frequency, den-
sity, and reliability.







