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2 introduction to Real Estate Markets Section 1

The distinction between real estate as space and real estate as an asset is most clear
whzn buildings are not occupied by their owners. The needs of tenants and the type and
quelity of buildings available determine the rent for space in the market for property use.
Atthe same time, buildings may be bought, sold, or exchanged between investors. These
transactions occur in the capital market and determine the asser price of space. In this
chapter, we present a simple analytic framework which illustrates the connections
beiween the market for real estate space (the property market) and the market for real
estate assets (the asset or capital maiket). As we will show later in this chapter, this same
approach can be used for owner-occupied real estate where the user of space is also the
investor in the asset.

Our view of the rezl estate market as actually two markets helps to clarify how dif-
fersnt forces influence this important sector, If, for example, there is & sudden demand by
foreign investors to purciase U.S. office buildings, the impact on rents is very different
than if firms suddenly decide that they wish to rent more office space for their use. A

reduction in long-term mortgage rates has just the opposite effect on house prices from

that caused by a reduction in short-lerm rates for construction financing. Distinguishing
between the property and capital markets provides a clearer understanding of how such
fosces operate in the real estate sector as a whole.

In addition, there is a Bnﬁroao_omﬁm“ objective in this first chapter—to reacquaint
the reader with simple supply and demand analysis. By censidering how the markets for
both real estate property and assets operate within a global economy, we recall the dis-
tinction between endogenous economic variables and sxogenous economic forces. !
Within the merkets for real estate, economic variables like prices, sales, and output are all
de:ermined endogenously. The outcome of the market, however, may be strongly influ-
enced by exogenous forces such as world trade, interest rates, or even climate, Studying
how changes in exogenous forces affect endogenous variables is one of the most impor-
tant and fundamental pursuils of economics. How this methodology is applied to the real
estate. markets is a major focus of this book.

THE SIZE AND CHARACTER OF U.S. REAL ESTATE

Private real estate is composed of all types of buildings as well as the land they sit on.
Houses, office buildings, warehouses, and shopping centers all are clzar examples of real
esiate, Other, less obvious examples include privately owned ice-skating rinks and air-
craft hangars. These are the buildings that various service firms (e.g., recreation, lodging,

and travel) need for their operations. Finally, petroleum refineries, steel mills, and utility

power plants are partially real estate—some portion of these structures is considered
industrial “plant,” while the remainder is “equipment.” Public real estate is composed
of all government-owned office buildings, schools, firehouses, military barracks, and
the like. .

By exogenous forces we mean factors that influencs real estate market outcomes but are not influenced
by the real estate market. For example, interest rates have profound impacts on real estate market oulcomes, but
the real estate market has very litile if any impact on interest rates. Endogerous variables are measures of reat estate
mirket outcomes. Prices and reats are endogenous, which means that they are determined by the real estate markex.

Chapter 1 The Property and Capital Markets 3

Like any economic variable, real estate can be measured both as a flow and as 2
stock. The flow of real estate is the value of new buildings put in place each year, less
losses from the stock through depreciation or demolition. New completions represent an
impottant compenent of national investment, which is also a flow variable. On the other
hand, the total value of all existing buildings and the vatue of all land are stock variables,
and are part of national wealth—also a stock variable. Since land is 505898%&5 it is
always a stock variable and never a flow variable,

Table 1.1 breaks down the value of new construction put in place in 1990, Virtually
all private construction was in the form of buildings and represented 5301 billion (5.5

._.E..«.rm 1.1 Value of st... Construction Put in Place, 1990

$ {in bitlions) % of GDP
Private Construction 338 6.1
Buillings : 301 5.5
Residential Buildings 183 33
Nonresidential Boildings 118 2.1
Industrial 24 0.4
Office 29 . 0.5
Hotels/Motels 10 0.2
Other Commercial 34 0.6
All Other Nonresidential 21 04
Naonbuilding Construction 37 0.7
Public Utilities k)| 0.6
All Other 6 0.t
Public Construction 109 2.0
Buildings h 46 0.8
Housing and Development 4 ' ) . 0t
Industrial ! 1 0.0
Cther 4t 0.7
Norbuilding Constyuction 63 . L.
Infrastructure : 55 1.0
All Other . 8 0.
Total New Construction 446 8.1
Total GDP: . 5.514 100.0

Source: Current Coastruction Reports, Series C30, U.S. Bureau of the Census; gross domestic product,
Economic Report of the President 1992,
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6 Introduction to Real Estate Markets Section 1

TABLE 1.3 Who Owns U.S. Real Estate, 1990

All Real Estate Residential Only Nonresidenfial Only

$(in billions) % $ (in billions) % % (in billions) %
Individuals 5,088 58.0 5,071 82.8 17 0.6
Corporations [,699 19.4 66 t.d 1,633 61.5
Pavtnerships 1,011 .5 673 11.0 338 127
Nonprofits 411 4.7 104 1.7 307 il.é
Government 234 2.6 173 2.8 61 2.3
Iastitutional Envestors 128 15 14 0.2 114 4.3
Financial Institutions 114 ) 1.3 13 0.2 101 38
Other {Includes Foreign}) G2 1.0 8 0.1 84 3.2
Total: 8,777 100.0 6,122 1000 2,655 100.0
% cof All Real Estate: 100.0 69.8 30.2

Source: Managing the Future: Real Estate inthe 1990s {Chicago: IREM Foyndation and Arthur Anderson,
1991), pp. 28-33.

THE MARKETS FOR REAL ESTATE ASSETS AND REAL ESTATE USE

Since real estate is a durable capital good, its production and price are determined in an
asset, or capital, market. In this market, the demand to own real esta'e assets must equal
their supply. Thus, the price of houses in the U.S. largely depends on how many house-
holds wish to ewn units and how many units are available for ownership. Likewise, the
value or price of shopping center space depends on how many investcrs wish to own such
space and how many centers there are available to invest in. In both cases, all else being
equal, an increase in the demand to own these assets will raise prices, while a greater sup-
ply of space will depress prices.

The supply of new real estate assets comes from the construction sector and
depends on the price of those assets relative to the cost of replacing or constructing them.
In the long run, the asse! market should equate market prices with replacement costs that
include the cost of land. In the short run, however, the two may diverge significantly
because of th lags and delays that are inherént in the construction process. For example,
if demand for the ownership of space suddenly rises, then, with a fixed supply of assets,
prices will rise as well. With prices now above construction and land costs, new develop-

ent takes place. As this space arrives on the market, demand is satisfied and prices
begin to fall back towards the cost of replacement. A question to be addressed in future
chapters is whether the cost of asset replacement is constant, varies with the level of
development, or depends on the total stock of assets.

What would cause the demand for owning real estate assets to suddenly increase?
More generally, are there other determinants of asset demand besides simply the price of
these assets? The answe: is yes, and the most important of these determinants is the rental

Chapter 1 The Property and Capital Markets 7

incomie that real estate assets earn. To understand rent, it is necessary to consider the mar-
ket for the use of real estate.

In the market for zwm_ estate use or space (referred to here as the property market),
demand comes from the occupiers of space, whether they be tenants or owners, firms or
households. For firms, space is one of many factors of production, and, like any other
factor, its use will depend on firm output levels and the relative cost of space. Households
likewise divide their income into the consumption of many commodities, only one of
which is space. The household demand for space depends on.income and the cost of
occupying that space relative to the cost of other commaodities, such as food, clothing, or
entertainment. For firms or households, the cost cf occupying space is the annual outlay
necessary to obtzin the use of real estate—its rent. For tenants, rent is simply specified in
a lease agreement, For owners, rent is defined as the annualized cost associated with the
ownership of property. ,

Rent is determined in the property market for space use, not in the asset market for

.ownership. In the property market, the supply of space is given (from the asset market).

The demand for space depends on rent and other exogenous economic factors such as
firm production ievels, income levels, or the number of households. The task of the prop-
erty market is to determine a rent level at which the demand for space use equals the sup-
ply of space. All else being equal, when the number of households increases or firms
expand production, the demand for space use rises. With fixed supply, rents rise as well.
The link between the asset market and the property market occurs at two junctions,
First, the rent levels determined in the property market are central in determining the
demand for real estate assets. After all, in acquiring an asset, investors are really purchas-
ing a current or future income stream. Thus, changes in rent occurring in the property

-markzt immediately affect the demand for ownership in the asset market. The second link

between the twe markets occurs through the construction or development sector. If con-
struction increases and the supply of assets grows, not only are prices driven down in the
asset market, but rents decline in the property market as well. These connections between
the two markets are illustrated in the four-quadrant diagram in Figure 1.1.

In explaining Figure 1.1, it is useful to refer to quadrants by their compass designa-
tion. The two right-hand quadrants (northeast and southeast) represent the property mar-
ket for the use of space, while the two lefi-hand guadrants {northwest and southwes:) deal
with the asset market for the ownership of real estate. Let's begin with the northeast
quadrant, where rents are determined ia the short run,

The northeast quadrant has two axes: rent {per unit of space) and the stock of space
{also measured in nnits of space, such as square feet). The curve represents how the
demand for space depends on rents, given the state of the economy. Movement along that
curve depicts how much space would be demanded given a particular rent level on the
vertical axis. If households or firms tend to demand the same amount of space regardless
of rent levels (inelastic demand), then the curve is nearly vertical. If space usage is quite
sensitive to rents (elastic demand), then the curve is more horizontal. If the economy
changes, then the entire cusve shifts. An upward shift occurs with an increase in firms or

_ households (economic growth) and signifies thar more space is demanded for the same

rent, Economic decline causes a downward shift in the line, with the reverse implications.
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10 introduction to Real Estate Markets Section 1

The ray emanating from the origin represents that level of stock (on the horizontal axis)
that requires an annual lzvel of construction for replacement just equal to that value on
the vertical axis. At that level of stock and comesponding level of coastruction, the stock
of space will be constant over time, since depreciation will equal new completions.
Hence, AS is equal to @ and § = /3% Future chapters will discuss this relationship in
more detail; for now, it is important only to remember that the southeast quadrant
assumes a certain levid of construction and determines the level of stock that would result
if that construction continued forever.

This completes a 360-degree rotation around the four-quadrant diagram. Starting
with a level of stock, the property market determines rents, which are then translated into
property prices by the asset market. These asset prices, in turn, generate new construc-

tion, which, back in the property market, eventually yields a new level of stock. The com- .

bined property and asset markets are in equilibrium when the starting and ending levels
of stock are the same. If the ending stock differs from the starting stock, then the values
of the four variables in the diagram (rent, prices, construction, and stock) are not in com-
plete equilibrium, If the starting value exceeds the finishing value, then rents, prices, and
construction must all rise to be in equilibrium. If the initial stock is less than the finishing
stock, then rents, prices, and construction must be decreased to be in equilibrium. This
journey around the four-quadrant diagram provides a simple, intuitive illustration of the
solution to thz simultaneous system of Equations (1.1)—(1.4).5

OWNER-OCCUPIED REAL ESTATE

A reasonable question is how all of this works in the case of real estate that is mainly
occupied by its owner. In this case, the four quadrants still hald, but esset prices and rents
arz determined by the same market participan:s—the owner occupants. Considar for the

SThe inciease each yea: in the stock of office spaceis the differerce between construction and deprecia-
tion. Assuming depreciation, &, i§ 1 percent annually, then: AS = € - 0.015. Given a stable level of construction,
the stock that will eventually emerge is: § = C/0.01. This is the steady-stute version of Equation (1.4; and is the
ray emanating out of the southeast quadrant.

SIf the equations in foanotes 3-5 plus Equation (1.2) are success:vely substituted into each olher, the
result is: 3

800 -2~

§= — £ _4p00
1

ma:_,._:m s0 that § is only on the feft-hand sid: of the equation, we get the equilibrium siock tevel:
[800 - 4,0001)

iE+2
Thus, if there arz 10 million oifice workers in the economy (£ = 10} and the interest or capitalization rate is 5%
(i = 0.05), the long-run stock of office space will be 240 square feet per worker, or 2,40) miilion square feet.
This stock will require that 24 million square feet be constructed each year, and this will require that asset prices

equal & replacement cost of $320 per square foot, Rents of §16 annually will sustain such asset prices with a 5%
capitalization rate.

S§S=FE

Chapter 1 The Property and Capital Markets 1

momeént the market for owner-occupied housing. The demand for single-family homes
depends on the number of households, their incomes, and the annual costs of owning a
home, This annual cost is equivalent to rent. A rise in the number of households shifts the
demand curve out. With greater demand and a fixed stock of housing units, the annual
payment to occupy a house must rise. The northwest quadrant then translates this pay-
ment into the actual price that households are willing to pay for the home.

Lower interest rates, for example, imply that with the same annual payment irent),
households can afford to pay a higher purchase {asset) price. Hence, with owner-occupied
real estate, decisions by the user-owner determine both rent (the annual paymen:) and
price. These decisions, however, are influenced by the same economic and capital market
conditions that influence rental propetties. Thus, owner-occupiers have the same invest-
ment motives as the owners of rental property. Once the purchase price is determined,
then new housing development and eventually a new equilibrium stock of space follow in
the other two quadrants {southwest, sontheast), .

This same analysis can be applied to the case of corporate-owned and -occupied
industrial or office space. The demand for this space is determined by the annual cost of
owning it (rent) as well as the number and size of firms in the market. ln equilibrium, the
annual cost of owning (rent) equates demand with the fixed stock of office or indastrial
space. The cost of-capital for the corporation (capitalization rate) converts this annual
cost into the asset price that corporations are willing to pay for the space.

REAL ESTATE AND THE NATIONAL ECONOMY

Using Pigure 1.1, we can frace the various impacts of the broader economy on the real

-estate market. The economy can grow or contract. Long-term interest rates or other fac-

tors can shift the demand for real estate assets. Changes in short-term credit availability

or lecal regulations can alter the cost of supplying new space. Each has different reper-

cussions, and these are easily determined by examining alternative solutions within the

four-quadrant diagram. In each case, we can identify which quadrant is initially affected,

trace the impacts through the other quadrants, and arrive at a new long-run equilibrium.

This comparison of different long-run solutions {market equilibria) in a anm_ is called
noQ@ﬁ&Eo static™ analysis.

Economic Growth and the Demand for Real Estate Use

As the economy expands, the curve in the northeast quadrant shifts out to the northeast.
This reflects a mamﬁﬂ demand to use space at current (or other) rent levels, such as would
oceur with increases in production, honsehold income, or the number of households. For a
given level of real estate space, rents must therefore rise if the demand to use space is to
equal available space. These higher rents then lead to greater asset prices in the northwest
quadrant, which, in turn generate a higher level of new construction in the southwest
quadrant. Eventually, this leads to a gieater stock of space (southeast quadrant). As shown
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14 Introduction to Real Estate Markets Section 1

This book assumes that the capital market efficiently adjusts the prices of particular
assets—so that each investment earns a common risk-adjusted, after-tax total rate of
return. Thus, shifts in asset demand, such as described above, will alter the capitalization
rate at which investors are willing 10 hold real estate. Reductions it long-term interest
rates, decreases in the perceived risk of real estate, and generous depreciation or other
favorable changes in the tax treatment of real estate all will reduce the yield that inves-
tors require from real estate. As shown in Figure 1.4 in the northwest quadrant, this has
the effect of a counterclockwise rotation (the ray always goes through the origin) in the
capitalization rate ray emanating from the origin, raising asset prices. Higher interest
rates, greater perceived risk, and adverse tax changes rotaie the ray in a clockwise man-
ner, lowering asset prices.

Given a level of rent from the property market, a reduction in the curent yield or
capitalization rate for real estate raises asset prices, and in the southwest quadrant, this
begins to expand construction. Eventually this increases the stock of space (in the south-
east quadrant), which then lowers rents in the property market for space (northeast quad-
ract). A new equilibrium requires that the initial and finishing rent levels be equal. In

Chapter 1 The Property and Capital Markets 15

Real Mortgage Rate % Change House Price Index
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FIGURE 1.4 The property and asset markets: asset demand shifs.

FIGURE 1.5 Change in house price versus mortgage rates (real,
1961-1990. :

Seurce: Price index: 1960-6%: Federal Housing Finance Board, /990 Rates & Terms cn
Conventional Home Morigages, Annual Summary. 1970-90: Federal Home Loan Mortgage Corp.,
Quality-Controlled Existing Home Price Incex, unpublished report. Morigage rates: 1960-62: FHA
insured rate plus .44 percentage points. 1963-90: Federal Housing Finance Board, /990 Rates &
Terins on Conventional Home Mortgages, Annual Sunmmary. ’

Figure 1.4, this new equilisrium results in a new solution box that is lower and more rec-
tangular than the original.

It is important to be convinced that the naw solution box is as portrayed in Fig-
ure 1.4, Asset prices must be higher and rents lower, while the long-erm stock and its
supporting level of constriction must be greater. If rents were not lower, the stock would
have to be the same (or lower), and this would be inconsistent with higher asset prices
and greater construction. If asset prices were not higher, rents would be lower, which is
inconsistent with the reduced stock (and less construction) generated by lower asset
prices. A positive shift in asset demand, like a positive shift in space demand, will raise
prices, construction, and the stock. It will, however, eventually lower—rather than
raise—the level of rents. This inverse relationship between assel prices and long-term
interest rates can be seen in Figure 1.5, which examines the historic movements in house
priczs (in 1990 dollars) and real mortgage rates (adjusted for inflation).

Credit, Construction Costs, and the Supply of New Space

The final exogenous change likely to impact the real estate market is a shift in the supply
schedule for new construction. This can come about through several channels. Higher
short-term interest rates and a general scarcity of construction financing will increase the
costs of providing a giver amount of new space, leading (o less construction. Likewise,
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18 Introductien to Real Estate Markets Section 1

the availability of cheap construction credit for new commercial development. As such, it
woild have caused a singular (easterly) shift in the construction cost schedule.

It is more likely the case that economic events cause several shifts to oceur stmulta-
necusly. This is particularly true of movements in the nation’s macroeconomy. As the
national economy enters a slowdown, not orly is there a contraction in output and
employment (northeast quadrant), but there are usually increases in short-term interest
rates as well (southwest quadrant). An economic expansion leads to the opposite combi-
nation. This combination of shifts can generate any pattern of new box solutions that lies
between the two shown in Figures 1.2 and 1.7. Although the analysis gets more compli-
catzd in the case of multiple shifts, the net cutcome is always some combination of the
impacts from each individual change,

The simple framework represented by the four-quadrant diagram works well in

illustrating the new equilibria that result as the exogencus environment changes. An:

important drawback of this framework is that it is not easy to trace the intermediate steps
as ‘he market moves to ils new equiiibrium. A dynamic system of equations is needed to
depict the intermediate adjustments of the market, which significantly complicates our

analysis. More complicated dynamic models wil be developed in Chapters 10 and 12.

REAL ESTATE MARKETS AND PUBLIC POLICY

The real estate sector is affected by public policy changes at the federal, state, and local
levels. However, the real estate sector may or may not be the primary target of a specific
policy. For example, national monetary policy has several goals and implications. As a
prime determinant of iaterest rate ' movemerts, monetzry policy clearly affects the
demand for real estate assets as well as the level of new construction. The four-quadrant
diagrams presented in the previous section illustrate the impacts of such policy changes
on the real estate markets, The public sector also creates policies that are aimed specifi-
cally at the real estate sector. In developing such policies, government decision makers
must be able to anticipate the impacts of their actions on the broader real estate market.
The framework represenied by the four-quadrant diagram permits a useful analysis of the
impacts of these policies. Consider the following examples of major public policies
designed to impact the real estate markets directly. .

Publicly Assisted Housing

Bath federal and state governments provide a range of assistance programs to encourage
the development of low- and moderate-income housing, Some programs directly build
units for targeted groups, while other programs assist households in making reatal pay-
ments. The construction of publicly owned units generally decreases the demand for pri-
vately owned rental units. This decrease in demand assumes that public units succeed in
attracting tenants. This s2ems a safe assumption since public units generally cary subsi-
dies, which mean that the units are offered at below markzt rents. In fact, in many urban
areas in the U.S., there are long waiting lists for public housing units. This decrease in
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demand for privete units results in an inward shift in the demand curve in the northeast
quadrant which will, in turn, decrease rents, asset prices, construction and ultimate.y the
stock of private units. Thus. building public housing produces a new equilibrium that is
exactly the opposite of that illustrated in Figure 1.2, where demand is increasing. The
reduction of private building activity due to public construction programs is sometimes
referred to as public displacement of private constction.

Rental assistance programs, on the other hand, act to simulate housing demand in
much the same way as an expansion in the economy. These programs will shift oat the
demand curve in the northeast quadrant, resulting in increases in rents, prices, construc-
tion, and the stock, as occurred in Figure 1.2. Proponents of rental assistance programs
argue that such programs will encourage construction and have only a modest impact on
rents. Hence, they argue that the net effect of such programs will be to expand the hous-
ing opporiunities of low-income households. Opponents of such policies suggest that
renta] assistance only serves to increass rents in the market and has very little impact on
construction. Heace, they argue that the main beneficiaries of the program are landtords.
Clearly, the size of the impact on construction and rents depends on the relative elastici-
ties of the curves presented in Figure 1.2,

Local Government Development Regulations

In the U.S., local governments exercise great control over the amount and type of devel-
opment permitted on privately owned land. Such tegulations often are in the public inter-
est, but they do impose two additienal costs on private development, First, they
frequently extend the time necessary for completion of a project, since iocal govern-
ments require developers to apply for various permits in order to proceed, Second, they
somerimes act to create a scarcity of s:tes. This can drive up land prices and add to site-
acquisition costs. The more binding or restrictive such regulations becore, the morz they
increase development costs. This increase in costs will shift the supply schedule in the
southwest quadrant in a westerly direction, as occurred in Figure 1.7.

The Taxation of Real Estate

The federal tax code generally treats real estate favorably in severa] ways, Interest pay-
ments on real estate debt are fully tax deductible for both firms and households. Home-
owners also are effectively exempt from the taxation of housing capital gains realized
with the sale of their homes. For investors, generous depreciation deductions are allowed
each year far in excess of actual economic obsolescence. Favorable provisions like these
act to reduce the current yield necessary from real estate, as the tax advantage sapple-
ments property income. This will rotate the capitalization schedule of the northwest quad-
rant in a counterclockwise manner and lead to the higher asset prices and other impacts
described in Figare L.4.

At the local level, real estate is i-eated quite unfavorably, largely through the wide-
spread use of property taxation. Most local governments finance their services with a flat
tax rate on commercial, industrial, and residential property value. The effective rate of
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Chapter2  The Operation of Property Markets 23

CHAPTER why? What factors determine office rents or the Iocation of firms and their plants? Real

estate microeconomics investigates these questions by studying the ogperation of urban.
land markets and developing theories and explanations for the spatial structure of cities.
Real estate macroeconomics abstracts from the spatial dimension and considers the
overall market for housing, land, or office space. The simplification that esults from such
aggregation can be justified on two grounds. First, as with any type o inquiry, insight

THE OPERATION
OF PROPERTY

often is achieved, perhaps at the expense of some realism, by abstracting or making sim-

plifying assumptions. Without aggregating across locations and dealing with a market as
a whole, the detailed time series models in Chapters 10 and 12 of this book simply could
not bz developed. Second, many factors that affect real estate are largely independent of
location. Consider changes in interest rates or variations in the growth rate of an area’s
economy. These are forces that move over time and impact real estate at all locaticns. in
these cases, it makes sense to study a market as an aggregate entity.

The distinciion between real estate micro- and macroeconomics clearly hinges on the
notion of an aggregate market, Within this context, then, how should a market be defined?
The answer is that a market should represent a group of properties that react similarly with
respect to macre factors (such as interest rates and economic growth). If the behavior of
properties within a market is similar, then the macro approach will work. [f properties react
very differently to macro effects, then such modeling will be largely unsuccessful.

MARKETS:
AMICROAND
MACRO APPROACH

What is the fair market value of a specific house? How much rent can a property Smnmwﬂ DEFINING MARKETS: PROPERTY TYPES

charge for his office space? Is now the best time to develop a site? What should the den-
sitv and use be? Real estaie decisions such as these must be based on an understanding of
the economic environment of each parcel or property. This economic environment is con-
stantly being changed by forces and events at two levels: the micro level and the macro
level. Micro forces are those location-specific factors that influence the value or use of
one particular site. Macro forces, on the other hand, are those broad economic factors that
affect market timing and influence the profitability or use of all properties.

As a discipline, the study of economics is divided into two broad fields with a simi-
lar distinction: microeconomics and macroeconomics. Microeconomics refers to the study
of how individual economic agents (such as households and firms) operate, whereas
mecroeconomics investigates the behavior of the overall economy. Real estate economics
is divided in a similar way. In this book, the study of the use, develojment, or pricing of
individual properties ot parcels of land involves a microeconomic approach. In contrast,
the study of the behavior of the overall market aggregating across individual properties
involves using a more macroeconomic approach.

In real estate economics, location plays a cracial role in n:mn:m:_m:,:m between
micro and macro approaches. Real estate microeconomics borrows teavily from the tra-
ditional urban economics literature, ireating the operation of land and property markets
with the explicit recognition of space or location. What is the demand for land at one
sile? What is that site’s highest and best use? How do house prices vary across sites, and

In addition to the distinction between microeconcmic and macroeconomic approaches (o
real estate, throaghout this book we. distinguish between residential and nonresidential
property markets. This delineation has both advantages and disadvantages, but we believe
there are net benefits to the distinction. At the macroeconomic level, housing markets
clearly behave differently from those of nonresidential property. Movements in housing
prices and residential construction do not relate closely to movements in rents or con-
struction for office, industrial, or retail propertizs. The institutions that guide each of
these martkets also are quite different. Residential contractors rarely build commercial
space. Industrial or office space brokerage firms have no connection to firms undertaking
residential brokerage. The financing of residential properties also takes place through a
distinct mortgage origination process, and the rzsidential mortgage market has a very
active secondary market (the market in which mortgages are purchased and sold). Com-
mercial financing takes place largely through private placements, but there is only ¢ small
formal secondary market. Thus, at the macro leve!, there are good reasons to constder dif-
ferent property types as different markats.

At the micro level, the distinction between tesidential and nonresidential progerty is
not as clear, largely due to the fact thai both types of property use and compeie for a com-
mon resource: land, The price of commercial property, for example, bears a direct rela-
tionship to the price of residential property, since both uses compete for the same fixed
supply of land. The locations of commercial ard residential property also are closely




leoyewt Jolew 1stjoue ST J0GR| ‘pUB| UBRGIN 01 UOINIPPE U] 1oy4vi pamnuaiaffip-1onpoid
€ ST 0) PaLIojal ST anbiun Jeymawos 51 POo3 jo¥a YOTgm I 193IBWE Y SUOTIRIO] ‘[20NUapI
Apoexo 10U J0q “Fe[iars aary Aewr says jueoe[pe tenbrun Ajjzouyoa) st ey uoneo] v said
-n920 Auedoxd yoeq “(sSuIpping ‘sosnoy ‘so11s) sjeosed [ENPIAIPUI JO ‘SUCH[IW UaA3 pue
‘SpuBsnOy) ureluoo syvrewr A1redold 21eiss [eal ‘fana] ue)iododia SU) 12 PIUYIp UM

NOILLYOO0T ANV ANV NVYEHN ‘SIINCGNOII0HDIN A1V1ST TvId

WSIA UB UIYIIA SUMO] PUE S2MID JE 1230 ‘Bare weyyjod
-OIjBW B UM JOO] A[[RIRUSE om ‘SISA[UR [9A3] 0JOTW 3L 10 “seate uenjodonew Kuew
$50108 101ABYR Jo suiened onetuaisAs aq o) sigadde aray) usym Apenonted—ioxiew
SIET [BOI [BIUIWIHOD 10 FUISOOY [PUONEU € (M [e9p am A|[BU0ISEI20 YInoyie ‘jars)
ugyjodosour aly} je pasnony Ajjersuad st sisA[euz 010w Mo “yooq SIY: IOYSnoNy],
Jajlew |[BI9A0 Y} FURIVYE sadueyd 0 LIS JoUs PInOYS
seare uejijodonowr uRfIA $9)IS ‘SOYL "SPUBWIAP JIAU) ISOPE SINIOM S[IQOUI SB ‘SIS
1Fe 1& 59011d Uo speduws sawy s (sqof Jo ured 1o ssof “§'3) s aU0 12 SULLINGOD ¥a0Us
JILOUOD?2 Uk L] SUBAtU OS[R SBAJe UBIHOdOM9W UM SIIOM pUE SWIY Jo A[iqow
2y, ~Kupiqow [eneds jo saifop ySiy sup uo paseq yorowdde jrorSofopoyraw & sapia
-0Id S79XIBW PUR] UBGIN Jo AJ03YI SYJ, "SANTS (SUINURLOD 19MO)) 3[qRIIsap AIour Joy seond
Toydy orezeucs Appamnb [[1m sployssnoy apqow ‘(ajdwexs 10y Jupnuwos Aq) oyIp
JaNIRUL B UTYIIM SUOTIEDO] 92UIG "9)E:$3 [8al JO Lpnis O[IOUODA0INN 1)) O1 _EcuEmnmE
s seate uejijodonaw uiylis SUONESO SSOI0 SUNI] pue Spjoyasnoy jo Snjiqou ayl,
ToA%] UE)I[OdONIW Y] I8 PAUp ik SIIBW UM Ape[nonied ‘sjaaa] om)
JP usamiag UDNAUBSIP A MrAI2 0) sd[oy U0NRD0] JO D[0L BYI “SONUCUOIS D)BISI (83l Uj
'yoeosdde pjojomi oy 03 s8ejueape Jeofo AU 99 10U PJNOX BISY) UL *S[IAS] OIEW PUE
QIO 3y} JB Pasn spuawngie pue soL0ay Jo sadk] aty) weamiog I0USISYIP 9[H1 2lam 21ay)
31 1eyzo yoes yuswadwreo omy oy JeYl puB 's'sK)euB 010201 WOTY LRI S1 usA[euR
0101 JBY] :UGHEDUEIP OIIEW-0IDIU J{OYm 3Y) W0y peures aq ) Sulylowos si ooy
Tey) Surswl A[ONTIIIJYR S, YYD [ipiado Ay paffo oy st0100f asoy; wosf alaffip aup
s sapaadosd porpraput fo ao1apyaq ayr 10afp Y1 SA0R0 10UNNIp 21 243yl UeHIUYPp
o D UM §1aaa) osonu oy wof sisppup o nun aipridoadds i st oym oo upt
-Hodo.iaw vy S 12437 0030w 3y 10 SISKpUD fo jun ano aufap am fi Sgomidaoucy
, STOYIEWL 2)eISe [ar 1oy sageaedes seare uzrjodor
-1our uaamlaq Ajrqout yons Jo 90U9SqE 24, "90uspisal Jo azefd Jiawy Sutaour moynm sqol
28ueyo pue ‘sqof SurpIAS JnOYIM sasNOY 25URYD 0] SIayI0M 3o A1z SY) Wol) $awod
eale uejjodonow e unym sonsadord Jo sselicannadwiod 9y, “PoIdstHOISIP oSUAS i)
-URWEPUNS SWIOS UL 948 SBAIE 0] 2} JO $191BW 91B1S3 [82]1 1)) JeY) SUBI Yo1ym ‘se[aduy
SO Ut JJom Q) pajdadxd 5q A]QRUOSEI) JOUURD 0ISIOUBI] UES Ul SP{OYISHOY “1siXe jou
§30p A[[euriou ssausannadwos jo 9ar3op s1y) ‘seale ueijodonouw uKIMIAE IO AN
-Wod 0) BUI[im s1010m puy [0S ‘odrourid up ‘pue oxs Auv 9sooyD pynos ssauIsng ¥ Jeyl
a5U3s 3U) UT *241319dwoD AJIR[IUIS 12 SUINY 1O SUOLIED0T “asnoy Aue wo piq ‘erdioud ul
*PInoo 10310m fUk ‘89 JO 20w Funmuwoa g ‘apdwexs 104 “OYI0 Yoo s aAnnadies

74 sialely Avedoad jo uopeiadg ey zJadeys

GYSID) seazy jeanlselg virodonajy patepiosto;) Lowwod -
ol Sy SIA pasu Afzeauiouoaa pue Sunnolpe awos padnoifa sey neaing ssue) ayl ‘sread Juaes [,

‘9SU0S SWHOS U1 ‘28 BAIR BN UI SISAOY [[E USY) ‘EaTe TRl Ul ardymAuR A1 O pajsadxs
A1qeuoseal aq uEd eale uLlodona ¥ UIYIM J3YIoM B JT a1eledo S)ayIew ajeisa |ear
MOY 10] SUOIROLINIET PROI] sBY AWOU0d3 [820] B JO UOonIuLap Ajiqou-10qE] sG],
"AJURLING00 2IBL £ 1} YR O} sajorlsqo Tenualad yfnoua
mosard pinoys seate ugyjodonew udamag FunnWwod ‘[asiauc) Bare 1ey uiyits ol
fue 3up{e; WoIJ PAUIRIISUOI A]2JRAIS 3G JOU P[ROJS Bale ueLjodonswl € UIYIIM Uo1eso]
Jepnoried B 1B ISIoM © ‘SPIOM IOUIO Uf ‘Suopeoo] om) Aue B Funpom pue SUTAIl wiol
sproyssnoy 1sour sjuaaaid 1 Fey) SOSUSPITY 08 3¢ 30U PINoYs BaIe ueyjodonaw e urim
FunnuuIo) |"swWr JOAC 9FURYD UAO SAILPUNOY YSIA ‘UOLIPPE Ul ‘s1tom Jo Apqow
a1 pue 1ojrew J0qe| S[SUIS € 109[JO1 01 UMBIP U8 SYSIA YnsaI e sy A0 [enuo sy
ynm pue sanunos Suowe swoped Sunrwwod sy pue ‘49 wawordwa eampnaLITeuoH
a1y “uzqan st ey uonejndod sy Jo 28euadied ay ‘Aysusp wonepndod uo peseq st VSIN
e Ul 1UN0D ® 9pR{OUT 0} HOISIDAP Sy, ‘aImeu ul umijodoneur 2re Jey) sanunoa jusoelpe
pue a:0w Jo gooos jo uonendod & Y A0 [ENusd € yim AIunod e se pauyep Ajjeraual
SLYSH UV SOIRIS JO SUAO) $51RaUIap 1Bty 1uapaoaid duopsty Jo ‘feantjod ‘ede] 2y uey
ol 101ABY3q JIWOU0dS O SISEq 2 U0 (SYSA) seale [eansnels ueyjodonaw sauyap
NEQING SNSUSY) *§7[} AL "PEIO2[[00 28 SITWOU0ID UBGIN UO BIRP YO1YM UT ABM 311 A7 pap)
-5 Ajperousd s1 {wiouosa [890] € Jo uoipuyap dlydeidosd oy sepew [eonoeid € sy
uonsanb siyl Y paIjd
-8nns Su0] ALY SISIWLOU0D3 UEQI) {PIuljap 5q SAWOUCID [BIO] IO [BUOIEI 983y] PINOYs
MOH *AIUNoo aup Jo suordar sso1oe Afpim ATeA yarym ‘3wosut pue Jeawikordwa st yons
SUOT)IPUOD DIWOU0DS AQ peousnijul A[punojoid ale SIoxIeul RIS [Ea1 1B} MOUT OS[e
oM 1N "SIDUEW! SILISS [BI] SOUINJUL ‘S[9A} BT ISAIZNUT SB YIS ‘SUORIPUOD DIUIDUODI
[BUOTRU *AJIB3D) SHORIPUO? INu0UOI? 21UDS 311 &g paousnfu; 24 1wyl sjaoivd 2jvis3 vl
sspdwodus ppnoys 13w 310153 pad v fo uonnujap adoa8oad o ‘Appnidaouo)

- “9210Y 2 U} FULYEW 10§
en9INo onewdend pue (endssuoes glog a1 21941 g ‘uonsonb Sup) 0) JomsUR SANTULAP OU
$1 Q19 ], ¢]9A9] [RUOHEU 1O *a7R]s ‘teyljodonatl ‘umo} ‘pOOLIOQYSISl aY) T paulap 2] sj9Y
-IBI PINOYS 41048 2)e1se Jear ¢ Jo wonuyep sndeidoed arpudosdde s st ey tuon
-eFa135e 1eneds jo uonsank oy saajoaur e Aiadold v Suruyap ul ansst puodss oy,

SY3HV ‘SLINYYIA DNINIZAA

‘sjoqaewt Apadod [enuspisasuou
pue [Enuapisal 1oq uo sivedwi juencduir sey (Surnoz ydnonf “8-a) sasn om) au vl pue]
10 tonem3ay JUuIaA0F aAISUAIXD AU ‘A[FRUL] SOATIOW DUE $ALICAL] SIUOUOIS JUIIIJIEP
uo peseq st sivew A130doad [enuspIsSaIuOu puE [enuepIsad 31 wr sivedionied 1o Joweyaq
) ‘awn swies ayy 1y siaddoys jo [areal pue sisjiom Jo Funwod. oY) ySnog) pavuy

L uonaag - SINJej 9JelS3 jEaY OJ UORINpoLY] - ¥z



26 Introduction to Real Estate Markets Section 1

that s fully product-differentiated. This type of market may be contrasted with a com-
modity market, such as that for corn, in which goods are largely identical.”

The observed behavior of individual parcels within the urban land market tends to
follow several patterns that are quite characteristic of product-differentiated markets:

1. The prices of individual prooerties or land parcels vary widely and systemati-
cally with the physical or location characteristics of the property. The valuation
that households or firms place on these characteristics deterrmines the property’s
overall value. .

2. The relative prices of different properties remain very stable over time and
change little as the overall market undergoes either cyclic fluctuations or long-
term growth. Overall market movements tend to raise and lower all prices by
proportionate amounts,

3. The relative price of a parcel tends to change mainly when the characteristics of
that parcel are altzred. Such changes include physical alteration of the structure
as well as changes in the characteristics associated with the parcel’s location or
neighborhood.

The theory of urban location and land merkets has been developed essentially to
exphin these observed patterns. Since some readers may be troubled, or not completely con-
vinced by the assertions above, let’s consider their conceptual and empirical foundations.

The fact that house prices vary according to the size, quality, and character of a
unit's structure probably comes as no surprise. It is also true, however, that units with
similar physical characteristics will vary enormeusly in price by location. Location char-
acteristics that have been shown to affect house prices include commuling time or access
to jobs, public services and neighborhood quality (e.g., school performance, crime rates,
ete.), and natural or environmental features (water frontage, terrain with views, air or

noise quality). These characteristics of a location can account for more than hali of the

overall value of a house. As an example of how important public services are, Table 2.1
compares the average price of a single-family house in a range of towns in 1990 metro-
politan Boston (o the average score of high school seniors in the town’s school system on
the test administered by the Massachusetts Educational Assessment Program. Figure 2.1
is a scatter plot of the house values and test scorzs and shows the regression line between
the two variables. The relationship is striking and the statistical correlation between the
two is guite strong.”

In Table 2.1, a simple bivariate regression between t2st score (TEST) and house price (P) yields the

fotlowing relattonship:
P=-280811+ 3694 TEST R?=0.38
-6.hy (4.3 N =32

The t-statistics are in parentheses belaw the coefficients. Thus, across the samplein the table, towns
with average test szores 100 points higher have houses that are worth almest $37,000 mcre. Of course, we must
be careful in drawing strong con:lusions from this simple regression. Certainly, some of this large effect is
caused by the fact that towns wilh higher test scores may also have lower crime, a better park system, &nd 50 on.

Chapter 2 The Operation of Property Markets 27

TABLE 2.1 Boston-Area House Values and Student Test Scores, 1980

House 12th-Grade

Values : : Achievement

(1990 $) Scores
Brookine 377,800 : 1430
Weilesey 349,500 14575
Belmont 307,800 1455
Newton 293,400 1435
Lexington 282,800 1523
Cambridge 263,800 ) - 1222.5
Marblehead 257,200 1395
Needham : 256,500 430
Rockport : 227,500 . 1445
Milton . C 219,600 315
Arlington 208,200 ’ 1375
Reading 204,100 ) : ’ 13475
Watertown : 196,700 1280
Stonehun 194,940 - 12925
Waltham . 191,100 1267.5
Burlington 191,100 . 1330
Wakefield . 190,600 12625
Framingham 184,700 i i415
Medford 182,400 1207.5
Sharon : 182,100 14275
Dedham 177,500 - 13275
Peabody 177,100 _ 1270
Ipswich . 174,000 1415
Wobura . 172,600 [247.5
Braintree - 168,700 1387.3
Somerville 165,800 : : 1155
Hopkicton . 163,200 1265
Malden : 162,900 1207.5
Boston : 161,400 1180
Quincy 161,100 1245
Revere 160,500 1212.5
Randolph 155,500 [247.5

Scores represent averages of reading, math, science, and sacial studies scores.
Source: House Valucs, 1990 Census of Population and Housing, Swamary Tape File 1A; Scores, State Results
of Massachusetts Testing Program, Massachusetts Edueation Assessment Program, 1990,

Strong statistical relationships, such as that in Figure 2.1, exist throughout the hous-
ing market between prices and many structural or location attributes. They also character-
ize oher property markets as well. Retail space rents vary systematically with the
expected pedestrian traffic on downtown streets, and office space rents are higher around
mass transit lines. In each of these cases, well-established price premiums or discounts
exist for locational or structural featurss of a property. Location theory holds that such
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30 ntroduction to Real Estate Markets Section 1

within a metropelitan market might change is if consumer valuations of particular physi-
cal o locationa. attributes change. For example, a sudden increase in gasoline prices
would lead consumers to value sites with shorter commutes more highly. The gradual
demographic change of an area from having predominantly households with children to
those without might be expected to alter the valuation of houses with many bedrooms

versts smaller vnits. Similarly, long-term shifts in the spatial distribution of jobs might

also change the relative valuation for certain kinds of office or industrial space. (ener-
ally, such price changes occur only very slowly, since they are based on fundamental
shifts in the makeup of an area's population or economy.

The second source of shifts in relative property prices is change in the attribates of
a property. Obvious examgles include physical change in the property’s structure such as
rehabilitation, rznovation, or expansion. Changes in tocationat or neighborhoad charae-
teristics may also dramatically impact property prices. A common example is the con-
struction of a new highway or transit facility, which alters the pattern of commuting costs
for many locations. In metropolitan areas with new transit systems or extensions cf older
systems, it is common to find new developments emerging zround the wansit system. It is
often difficult lo measure directly the impact of such changes in the transit system on
land values and development-because the impacts are 100 localized to dewmonstrate with
publicly available data. Changes in neighborhood crime or town school quality can also
be expected to affect relative property prices in one area versus another.

Real esta'e microeccnomics involves more than just the study of how property rents
or prices are determined across tocations. It also focuses on how the land market uses
these prices to determine both the density of development and the location of different
land uses. One of the important lessons that microeconomics teaches us is that the price
of land and its density, or use, are determined simultaneously: denser uses generate
higher land prices, whereas more expensive land encourages denser use. Another precept
of real estate microeconamics involves the separation of uses. The iand market works
much as an auction, with each site being developed or occupied by that use offering the
most for it. In this process, it is a natural market outcome to have each use occupying
separate areas ot distinct locations. The development of lard proceeds under a number of
such microeconomic principles.

A thorough understanding of these principles of microeconomics allows us to
understand the evolution of cities over time and the spatial patterns of fand prices, land
uses, and density. Why is residential density nommally higher in downtown areas of a city,
or along beactes and other natural amenities? How did Central Business Districts (CBDs)
come into existence, and why has there been a recent explosive growth of suburban
employment districts? What explains the distirct hierarchical pattern of retail establish-
ments—a large number of smaller stores or centers and a small number of larger centers?
Why do property prices and density eventually rise as a city grows? The study of metro-
politan land markets provides answers to these questions by emphasizing the long-term
equilibrium outcomes of spatial competition. This micrceconomic approach, however,
does not examine the economic determinants of long-term metropolitan growth or the
short-run cyclic behavior of metropolitan economies. Real estate macroeconomics
focuses on these topics.

Chapter2  The Operation of Property Markets K|

REAL ESTATE MACROECONOMICS: MARKET GROWTH
AND DYNAMICS

While microeconomics studies prices and land use across space within a particular
market, macroeconomics examines the overall movement of prices and real estate
awé_owEoE for the metropolitan market as a whole. By abstracting from the spatial
dimension, macroeconomics is able to focus more specifically on the time dimension
that emphasizes short-run movements and temporary disequilibrium. As a result
macroeconomics deals with aggregatz variables that are averages or aggregations o.m
am.S measured at each location within the market. Given the theory of real estate
micrceconomics, the presumption ir macroeconomics is that such aggregate mea-
sures depict the behavior of variables at most locations within the market.

. Some macroeconomic variables are most commonly measured as averages. These
variables include market piices, rents, or vacancy. For example, samples of apartments
are repeatedly surveyed by the U.S. Commerce U%E.mami to produce estimates of aver-
age rents in meftropolitan arcas. Brokerage companies periodically survey the inventory
of office buildings to produce estimates of average market vacancy rates. The Federal
Housing Finance Board maintains data on single-family house transactiens through their
survey of mortgage lenders and reports the average price of existing house sales. As an
example of such data, Figure 2.3 traces house price series for the Dallas and Boston met-
ropolitan areas in constant (1990) dollars.

Average Resale Price (1990 $000s
250 (1990 $000s)

200 - oo

150

100

50 —++—t~-t+—-t++++——+++-+++t+tt+—+rtt-t-
1963 1968 1973 1978 . 1983 1088
— Dallas - -~ Boston

FIGURE 2.3 Boston and Dallas house prices, 1963-1990.

Source: 1963-72, average of morthly average purchase price for existing homes, Federal Home Loan Bank
Board. 1973-90, amual average for existing and new homes, Federal Housing Finance Board.
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34 : Introduction to Real Estate Markets  Section 1

3. Regions or metropolitan areas adjust slowly to economic change because
resources are relatively immobile between markets. In response to changes in
demand, the supgly of facters into an area (labor, capital, structures) often
occurs very gradually. Such slow adjustments give fise to temporary imbalances
and help to generate cyclical patterns.

This mactoeconomic behavior stands in neticeable contrast to the microeccnomic
principles discussed earlier, Within markets, individual parcels of real estate are intensely
competitive with each other and have prices thal adjust rapidly to maintain a degree of
parity. While metropolitan areas also compete with one another over the very long run,
the movement of economic resources between such areas is slow enough in the short run
to largely uncouple the economies of different regions. Real estate microeconomics thus
focuses on the equilibrium relationships between land or property parcels across locations
within markets, while macroeconomics studies tre disequilibrium that occurs as the mar-
kets grow and adjust to eccnomic change. :

SUMMARY

The micro and macro perspectives outlined in this chapter are the fundamental basis of
analysis used throughout much of this book.

+ The micro approach focuses on the importance of structural and locational char-
acteristics on the prices and rents for a particular property or development. We
often treat metropolitan areas as a single real estate market. While prices for real
estate znd tand within a single market can vary encrmously across locations, the
relative price of real estate across locations is generally stable over time.

The micro approach is examined in detail in the next four chapters. In Chapters 3
and 4 we explore the determinants of household location within a metropolitan
area and exaniline the willingness to pay for structural characteristics, including
the density of the development. In Chapters 3 and 6, we focus on the location
decisions of firms within a metropolitan area.

The macro approach examines how broad economic forces such as growth or
decline in a metropolitan area’s economy influence the area’s real estate market.
Metropolitan growth is deternined by growth in the national economy as well as
the area’s industrial mix and competitiveness.

The macro approach is examined in detail in Chapters 7 throuzh 12, In Chapter 7
we examine the determinants of metropolitan growth. In Chapters 8 through 10
we provide a detailed examination of metropolitan housing markets, and in Chap-
ters 11 and 12 we investigate metropolitan nonresidential real estate marksts.

__ Section 2 Microeconomic Analysis of Property Markets

CHAPTER

THE URBAN LLAND
MARKET:

RENTS AND PRICES

How is it that Manhattan hes a dense urban skyline, while Los Angeles does not? How is
it possible to find farmland within the city of Phoenix? Why is land in dewntown Tokyo a
thousand times more valuable than its suburban counterpart? This chapter begins a szction
of this book deveted to the study of residential devziopment and the urban land market.

In economics, the markets for laad and housing are often referred to as completely
product-differenziated becanse each product sold in the market (every house or location)
is unique, They stand in stark contrast 10 commodity markets, such as that for corn, oil, or
minerals, in which a uniform good is traded in bulk quantities. The markets for most
manufactured durable goods are considered partially differentiated, falling between these
extremes. In the automobile market, for example, a large number of different models are
regarded as being close, although not perfect, substitutes for each other, In the case of
land or housing, no two parcels are exactly alike.

The fact that urban land is a completely differentiated product mekes it difficult to
speak about the supply or demand for sites at any particular location. By definiticn, the
supply of Iand at each location is fixed; hence, it is quite price inelastic. The demand for
a particular site, on the other hand, is likely 1o be quite sensitive, or elastic, with respect
ta its price. This results from the fact that numerons competitive sites, or substitutes, exist
at adjoining locations. For almost two centuries, economists have recognized these dis-
tinctive features of the land market and have developed a simple approach for determin-
ing land or housing prices. The approach argues that land must be pricad at each site so
that its occupan is charged for the value of whatever locational advantages exist at that



_ (¢f4) 3211d PUR 1T pUE| 0] PAST 3q [|IM SIATIS] 2SI JIMO]
21 (g'y) 2auad 10 ua1 Bu snoy o) SUIaE UM Pasn g [[Im s1a2| [enndeo *Rooq sKp moy3nosn ],
“UONE20] ATURYD 01 2ANUBIUL OU S| 2IY] DTS tunLiqinba [uInds e St o) pauayat uNJo s1 uod siy L:

‘ "Buisnol o) Sunwire) woly 1
1124002 JO pue] dOJ2ASP 0) USYM INOGR UOTISIIAP § JaUMOpUE] SK3 JO sisA[Rue pajeonsiydos
2100 yonw E.J3pun SPIoY [1S 3SM UEGIN 0) [BINI WO PUE] JO UORISURL SY) pom.m_..a:‘a
S[CUITS STE Teyd T9IR] 995 [Iim 3A4 "SPIOYSTOY URGIN 07 PAIURT aq [[14 pus] “SUNLIE] WIS
SAXD02I UBD JUMD QU3 YdIUM Jey) SPasaxa ey 1S B J0J ek ® Sp[aif Fuisnoy deqin se
uof se ‘sny, “19330 1sayZ1y o3 SunfEW Js0T) 0) paIUSI ST Fursnoy se snf ‘puey Jry; woy
swoout 159431 SU1 }998 sIoumo puE] 1o a1is 1eg) serdun ¢ vondumsse ‘fapow %_Emem
S[CWIS 2 VY U1 [RINT YSUIUBIW OU JO A[NI| PIm Jueses piay Ajduns s1 pue) m_._.u ﬁmE.u:
“BONIS IO U 5 (o4 POJIGE]) 240D 4ad JUSI [BINI SWOS SUILd JT *9SN SIY) UJ amy[noLide uow
pasn st Awdo[2A3p Jo <8p3 Y} puokaq pur[ ‘pliom ay) moySnony semo Kuew &

'SHUN MAU TUTONIISUOS JO 1500 I3 ST Iomsue 2y, ;93pa 8,£110 atp
18 1u01 2A18URdXS 3528 1Y} SOUIULISIEP TRy M 1sadeayod si1 e 9q M Jual Swisnoy _Em.. spu3
Ao 91 ‘g ‘2oURISIP SWI0S 1Y “SSEAIIUL $1500 FLINUIIICD $2 KE[jOp 10 E:% AUNIP 1M
Tu21 ‘presine Sulaojy px ~ 4 [eaba jjum {(Q)y oty oI 05 pug ‘(K110 pazijkIs o ut ummo“
18) Fupnuios 10§ smnpuadxo ou oABY fIA SIBUNSUOD ‘() = 4 B.Eou m.:u ) _<.

(1e) X —Py-4&=(p)y

"#07aq (1°¢) vonenbyg
ul MOJ[0F SIURl ursnoy ‘2InjIpuadxe PUE SWOdUT JSWNSUOD Jo uonWp oyl Suisn “ox
[343] SLWIOS Je SUDHEIO0] $SOI0R JUEISUDD 94 ISR (¥) Spoos 110 uo simipusdxs pjoyssnoy
‘[Bd1USPT 2ue Sployasnoy [fe se Buo] SV ‘wnnginbo je st 1ayrew opaud B usym aqis
-scd 10U SI SERUAIRJJIP Iejam IStUnsuod o} anp ANjiqow Yoae uy wnuiqrmbs ur oq o
PI¥S al) ST I2H{TBLT 3T} PUE ‘SAOWI 03 DATIUIDUI Ue 2ARY J25U0] OU pInos %_ozom:as..ﬂmoo
FuINUNL0D 3a8)30 AIORXI SIUST UL [(B) PINCM SINS IOYME] 3B 9SO} O[IYM ‘a5 PINoM
STONNBI0] J250]2 9 I8 Siual “1opplq 153yS1y sy3 01 pajuai s1 Fusnoy 20uig suuednooo
Ju21Ind vey Jual ursnoy 161ea18 J93J0 PINOM PUR SAUO 1ISO[D O] JACW 0 398 PNOM SUOH
-BZO[ JSUHE) JB SIANSUCD ‘95eD 81y U 'spood 1ayio uo prads of 139 3WOSUT 0L u%.n
Jjla SUONEOO] JASOTD & DAI] OYM SISIINSUOD USY) ‘§1509 FUNMULLOD 128130 AJI08X2 JOU Op
syuar Butsnoy JI “(x) spocd tayio uo armypuadxe IO 149} SWOUI JO JUROWE 27) 51 alejjom
Jounsuos 10 ployasnoy Ui ajgissod voneues Auo ay) ‘suonesot sSOIR paxy wﬁ.mﬁm:os
Jo Ansusp pue Anjenb ay 2owig 'sis00 Funnuwos Juisearour o) wsyyo buomxu .H%E
1293 A312 9y} WYY JNO SIACW SUO SB SIUAI PIsearoap ‘Ao paziAls sty ur wniqiabe
ut SI yaydRwW u.a_mzo: o1 udyM 1B sadwil 1 10} ‘fRIonI 1 zo_aE?hmm um.«_ o; H. .

“Jua1 35018203 oY) Fuippat£ asn yeys o1 pared
-O][2 1 pue] pue ‘Jua Js3131Y 2y J2JJ0 OYm SPOYasnol £q pardnoo st Fuisnoy °g
"By s1*210J0154) *A3iSUIp JeruopIsey (UOHMINSNS J0308) OU) J 51509 J01y)
(1oqe| pue speusrew) [eydes Fuisnoy Jo Junote paxy € yim Iopado) (b ‘satoe)
Buisnoy jo iun 1od puej Jo WnowE paxy ' Suuiquos 4q popiacxd st Suisnoy *p
(p 20URSIP BUYMIUWOD) UOHERIO] Aq SOLIBA YOILA *(P)y JUnOWE [enule
UE S| 1021 FUISNOH “SUONE0] ||B 18 SASLINOBIRYD WHIOHUN pur paxTy sey Suisnoy ¢

113 580l pUe SJUdY el pue uegIn eyl £ ledeyn

‘Juisnoy uo pue ‘(x Aq siejjop ul panasaidar)
$poo% 110 {18 ‘Junnuwiuod uo Juads aq ued (L) SWoDUT POYSHOH Paxyy st pjoy
-asnoyj 1od (SISINUILUOD) SIO}IOM JO JRQUINU QY3 PUe ‘[ESNULPL S SPOY3snol g

“197u20 JusurAopdite
o) WoI) (p) POUEISIP JeAI] $11 01 SI9Ja7 SnYY D[OYISNOY ¥ JO UOHEIO] YL
-aqruut Jad Ajenuve sie[jop ¥ s1509 Sunmuwoy) eousplsal jo a3ejd noy woly suif
10011p & Fuoje 91NWIWI0d SPIOYRSUOY Yorjm OF “IARa0 215w ¢ e st wawhordy °§

1§aIniea] Surmol|o] AU sey
Ao pazifA1s Jno ‘sny L,  1dey) ul Ausuop JUTUTLIAIAD Wi [B3D {{14 94 1nq OUSIEIUN
Wads Bt UOBMINISQAS 10108 AR JO 93UISQE SIY] U] JOJ pAMDSYNS 3q JOUULd Eides
QIMOTS 1BLY SUZAW YOIYM ‘POXY] St IUSWH0[3AIP Jo ANsuop AU 1Y SIWNSSE OS|E [apoul
ay, 'seoud ojul pazijeides 198 SIHA1 953Y) MOY SUTWEXD [[iM am 1mdeyo sup ur 1aje]
-asn 10 Aouednzoo o w3 oy Joy Led 03 Fulj[m 20 PINOM JBUMO UE JEU) JUNOWE JOANUD
a1 0 ‘Apeanewialie (1o *Fulsnoy 10§ 12JJ0 PINOM JUBUS] T 38U siuawifed au3 0] Y2 $19)91
Jt24 “UOTHUIJSP URIPIRORY 51} U] "JUAI URIPIEORY Pojfed SI Jeym 01 asll SAIT 103u20 S}
0) Supnwiwio)) (G961 PN ‘TL61 ST FO61 0STOTY) J8juad JuawAo]dia ouo AJuc Sey 1t
1o Suiueaw oneo0u0u 3 [[14 A11C INO ‘2IMEIAN| Suo] B SUIMOF[0 "PAISpISU0D st jeu)
aSejueApe [euoreoo] Ao eyy st juswiAo[dwa jo sopid v 01 §59038 JO Funnwwod ‘Ao sup
ug "Auo opduts A1ea & yim U183g om IEISIUE 9FUBADE [BUOHEIO] PUT JUST MOy D1usT]|l
01, *s1a)1a0 [BININ2 10 JuRuAoldwa 01 9OUBISIP St 4oNs ‘SsaBrIUBADE [BUONEIO] SpEW-UEUl
10 “UZ900 UB 1O SB[ SE YOS ‘SANIHILLE [BIHOIEI0] [RIMBU JSFISUOS DM INIM SPICY ST,
salis snoaSeupApe $59] 12 1adeayd pue SUCHEO! I911aq 18 9AIsUSdXd SI0W Jiv pue| pue
Fuisnoy Jey) s1 SINIEW PUE PUB SUISIOY UBGIN JO DNISLISIRIBYD [BUSWEpUny 1SI] SU],

LN3H NVIGHYJIH ANV DNILNWAIOD NYadn

“Ajess wspow jsurede [jam Ay do spioy
K309 pro-Am1uan € jet) Sunensuowsp ‘sa0ud pue sjue) 3sroY FUILISOUOD EIEp AMINIEXD
am “AJ[BUL] "2ION 943 UANUNRUOI 03 Poredionus ST yimold Yons pue FulmoIs ale sears
‘wequn ueym Apeinoned ‘Senid I UOITRIO] Aq A12A ©F umOYS ST sadlid OJuf JuI JO uoT
-eziended 9y, $201id 3SNDY JO pue[ DJUT PAJISANCD ST JUST UBIPIEOTY MOl Fumumexa Ag
saysiuyy soydeyo SU, “SIeIEU OSAL UI A[jRInIEy SInoo0 uoiwredos [eneds ‘Jual 15943y o
Suragyo vsoy; o) oF sans coulg *Afjereds pajeIRdes ag 03 pusy sployasnoy Jo sedAi uala
-Jip put sasn pue| Aym suizjdxa os[e L103K) UBIPEONY “SANIT SSOIO8 PUB WY 1240 3FULYD
§1U31 MOI] 1noge sa1[duI [2powW Y} JBYM SUTWERXS PUE DISIE3I SI0W J] I3eUl 0} [9POW iy
ysHPQuIa uat 3y (£ 181) opaeoryg Aq padojassp sem yorvoidde o) 0UIS ‘1uad uDipAvIRy
st 0! pairayal sijual sy, -opdioutid uonesuadwios sy) 01 SUpIVISE PIUTULIAISP ST PuUB] pue
Fuisnoy Joj 3t sy ydwya up japow siduns e Supuurexa £q seydero s widaq am
‘saoud J0 [aA2] [jEI9A0 21} Sumas m AJUO 1nq ‘[0l
© Aeid soop puey Jo Ajddus oy, 'suonToo] juarelyIp je JuISNoK 1o pur| JO N[BA d41PjaL )
SUIULIDIOP SUCIZIAPISUOD PURWISP AJUD JEY) Sawsse sppnuaiaffip Supsuaduion Jjo Koa)
siy, 'seoud Sursnoy 1o pue] jo umaped [eneds syl Suipueisiopun o} £a5f 2y} sawooeq
“210J010Y] ‘WAl SIBN[BAZ SISWNSUCD MOY PUE sadeiusape asay) Suipuelsiopup) '3)is

Z Uol9ag sipepy Auedoid jo sisAjeuy J10U0IBOLIN 9g



38 Microeconomic Analysis of Property Markets Section 2

At the edge of the city (b), then, 2rban landlords can rent land for its agricultural of
opportunity value of 7 per acre. With fixed density, a lot for each housing unit can be
rented for r'g. The rent for a housing unit at the edge of the city therefore has two compo-
nents: the land rent r°g plus the structure reat, which is the gnnualized cost of construct-
ing 2 unit {¢). This structure rent could be measured by the annual morigage payment
necessary to cover the cost of constructing the unit. The sum of these two costs is the rent
that is necessary to cover the creation of new housing at the city’s edge. Combining this
with Equation (3.1), we can determine that level of other expenditure x? that will prevail
if 2 household that commutes from the city’s edge must pay a rent for housing there equal
to agricultural land rent plus the annual replacement cost of the housing structure:

D=y-kb-(rg+c) 3.2

Moving in from the edge of the city, Equation (3.1) defines how rents must rise as .
commuting coss decrease in oxder for households to maintain the level of welfare (or
expenditure) defined in Equation (3.2). Combinirg the two, housing rents at any location’
will equal replacement costs plus the difference between commuting costs at the urban
edge and those at the location in question. The rent gradient for housing is:

R(d) = (rg+c) + k(b —d) : (3.3)
In effect, housing rent at any interior site absorbs the savings in commuting that result by
moving in from the farthest location carrently developed in the city. Only with these rents
will (identical) households be willing to live at any location within the city.

Figure 3.1 traces the equilibrivm rent gradient for housing (Equation (3.3)) as it
varies along a radius () ir our stylized circular city. There are three components © hous-
ing zent: (1) the rent necessary 1o convert a lot frem farm land into urban land (rg), (2) the
rent for the structure that sits on the lot, ¢, and (3) the location rent resulting from saved
commuting costs, k(b — d). It is important {0 note that both the agricultural rent and the
structure rent are constant across locations. The slope of the housing rent gradient with
respect to distance, —k, is due to the location rent; rents fall away from the city center (per
mile) by exactly the amount of additional commuting incurred by each household. .

Those components of housing rent that involve Jocation and agricultural land are
often combined into a hypothetical rent for just urban fanc r(d). Urban land rent can be
thought of as a residual: tie land ren: that is left after subtracting the rent for the housing
structure frora the total housing rent. From Equation (3.3), Equation (3.4) describes urban
land rent. It is important to remember that housing rent is measured per unit, or per
horsehold, wtile land rent will be measured as rent per acre, Thus, to convert housing
rent R(d) into land rent, #(d), we must first subiract the structure rent and then divide by
fand per unit (g). This is the same as multiplying housing-minus-structure rent per unit by
res:idential dersity (1/g).
kb -d)

g .

Urban land rent has two components. The first is the rent (per acre} for its alterna-
tive use (agricultural), while the second is the savings in commuting costs per acre that
result when housing is placed on the land. At a density of 1/g, there are that many house-
ho'ds per acre, each of which is saving k(b - d) in commuting. The gradient for land rent

r{d) =1+ (3.4)

Chapter3  The Urban Land Market: Rents and Prices 39

Housing
Rent: B(d)

Location Rent

.................. g
Agricultural Rent

Employment ’
Center : b ?

FIGURE 3.1 Components of housing rent.

with respect 6 distance has a slope of —k/g: the rent per acre of land falls by the increased
total commuting of all wholive in the /g units buiit on the and. ‘

Numerical Example

Let’s consider a typical example of rents in a simple city in which urban density averages
around 4 units (households) per acre, or 2,560 households per square mile (g = (.0004
squate E:am.v. A structure costing $100,000 to build would rent for $7,000 per year using
a 7 percent interest rate. Annual agricultural rental income from farming tends to fluctu-
ate around $1,000 per acre, or $640,000 annuatly, per square mile. Given our mmmcsvzom
of 4 anits per acre, the agricultural rent per year for a house lot would be $250. Finally

the cost of commuting for an average household with income of about $40,000 could am
abou: $200 per year per mile. With these values, annual house rent at the urban border
.s.E be $7,250 (§7,000 in structure rent plus $250 in agricultural rent). If the city’s border
is 20 miles away from the center, housing rent would be $11,250 at the center ($7,000 in
structure rent plus $250 in agricultural rent plus $4,000 in commuting cost mmizm&, Land
rent per acre wil range from $1,000 at the urban fringe (4 units per acre times $250 per
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COMPETITION AND SPATIAL SEPARATION

42 Microeconomic Analysis of Property Markets ~ Section 2

math=matics, we are able o deduce that on net, central land rents should be higher in
cities with greater density, even as house rents fal.”

It is important to remember that the conclusions of the model only compare equilib-
rium solutions, just as in Chapter 1 with our four-guadrant diagram. The model is static in
that it ignores expected future growth and does not pretend (o portray how cities adjust
gradually over shorter periods of time. It indicatss only what the city ventually should
look like. To incorpcrate expected growth, our model mus: deal with prices as well as
rents, which we will do later in this chapter. The model is also extremely simple in its
assumptions of fixed density and identical individuals. In Chapter 4, we will re.ax the
assumnption of fixed density. Now let’s tum to the question of different households or

land uses. .

The second fundamental characteristic of urban land and housing markets is that they
tend to naturally separate different households or land uses spatialty. To illustrate this, we
extend our stylzed city model to consider the siwation in which there are two categories
of households. Initially, ler’s assume that these household groups differ only according to
thei- costs of commating (perhaps from their veluations of time). There are 7, membets
of the first group (Group 1) who dislike commuting intensely, whereas the n, members of
the second (Group 2) mind it much less. As a result, we subscript the cost of commuting
and have &, > k,. Consider two questions. First, will the two groups choose separate or
intermixed locations, and which group will locate where? Second, what will housing
rents look like in this two-household city? In all other respects, our city is the same as in
the sections above. Thus, there are n, + n, houses that are identical, with fixed lot
sizes. There also is radial commutirg, and the cost of constructing new housing at the
city’s edge again involves a rent both for structure capital and for agricultural land.
Most importartly, rationzl owners will still rert housing i© that household offering the
most for it

When there are multiple groups of households, there is no requirement that the
members of one group must enjoy the same welfare (or level of expenditure) as members
of another group. Markets treat equals equally and unequals unequally. To see this, let’s
examine the housing rents that will leave the members of each group with identical
expenditure levels. We note such expenditure on other goods as x| and x5 and oose the

grom Equation (3.4), we differentiate central land rents #(0) with -espect to the direct change in lot size,
and the indirect effect of the altered border:

HO) L (b-d) k() _ﬁﬁuwn b

SO RNl —_———

A ¢ g\d) da¢ 2q\mw 2g
Combining the two expressions and evaluating the result at the city center (d = (), we have:
Mo _ kB

2

% g 29
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question of what rent exactly compensates the members of each household group for
commuting. These housing rents are determined in Equation (3.6):

RidD=y-kd-x’
R(d)=y-kd-xb (3.6)

Suppose for the moment that 1] = x% then at every location (), the rent that
Group 2 households would be willing to pay for housing would exceed that of Group I
households. This foliows simply from the fact that &, > &,. In this situation, no landlord
would rent housing to the members of Group 1. Clearly this is not an equilibrium. If,
however, the incomes of Group 1 households were also greater than these of Group 2, it
migh: by pure chance turn out that the two groups would have equal expenditure ~n<mmm
@ levels). This, however, is not a reqairement of market equilibrium. The only equilib-
rium conditions are that rents must leave members within each group equally well off,

- and that all members of both groups must have housing. We can refer to the rent func-

tions in Equation (3.6) as the equilibrinm rents of each group.

The next question to examine is whether these two groups need not be spatially
separated but could intermix over some range of locations. For this to be the cuse, it
would have to be true that at such locations, the eguilibrium rent levels for each macn,o_n
consumers are the same so that landlords would be equally willing to rent to either group.
Assume for the moment that one such location exists and call its distance from the center.
m. To the right of m (at a farther distence), it must be true that the equilibrium rents 9.q ‘
Group 2 will exceed those of Group 1. The slope of Group 2’s rent gradient is less than
that of Group 1, since Group 2 has milder distaste for commuting (£, > £,). Moving in
toward the city center, the equilibrium rents of Group 1 will exceed _ﬁ__omm of Group 2
because the members of Group | value more highly the commute savings from Eonmu
central locations. Thus, in this model, there can bz at most only one site where the equi-
librium rents for the two groups intersect. Since landlords rent housing to the group with
Em maximum rent, there will be a spatiaily segregated occupancy pattern in either direc-
tion from such & commeon location, with Group 1 occupying houses closer to the center
(Figure 3.2).

. It is important to realize that one site of a common equilibrium rent must exist; for
E:EE it, one group would have a higher equilibrium rent than the other group over &M
locations. Since there is enough housing for both groups, this would allow housing to be
vacant while the members of the lower rent group go homeless. Because renting two
houses brings no additional welfare, the higher-rent group would reduce its equitibrium
rents, s&zo the lower-rent group would raise its rents. Eventually an equilibrium necessi-
tates an intersection point—the location (m). With this intersection poini, spatial segrega-
tion necessarily results, with the more central houses being occupied by that group with:
the more steeply sloped housing rent gradient. .

In Figure 3.2, houses from the center to a location (i) are occupied by Group 1.
Houses further out are reed to Group 2. This makes economic sense, since Group |
households find commuting more distasteful and, therefore, are willing to pay higher

rents to be closer to the city center. As discussed above, any other pattern would violate
. one of the two central conditions of a market equilibrium; that housing must be rented for
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46 Microeconomic Analysis of Property iviarkets  Section 2

households at peripheral locations—a result that is consistent with observed location pat-
terns in the U.S. With income inelastic land demand and elastic commuting costs, higher-
income households have steeper bids and should locate centrally.’ With these elasticities,
we would have to incorporate other factors, such as concem over the quality of sublic
services (e.g., schools), in order to explain the suburbanization of wealthy households in
the U.S. We consider a variety of such other factors in Chapter 13,

In a mode! with multiple household groups, the comparative static conclusions
{ through 4 in the previous section cantinue to be true. Less land supply, larger popula-
tions (of either type), or greater lot sizes all gererate a farther city edge and, possibly,
intersection distance (). This, in turn, leads to higher housing and land rents throughout
the city. The main lesson from our two-household city has to do with the separation of
occupancy patterns. Locations are always rented to that use (in this case household
group) that is willing to offer the most. It is only by chance that two uses will offer identi-
cal or similar reats and that intermixing will occur. As a general principie, land-use segre-
gation is a common and natural outcome in private housing or tand markets, rather than a
resuit of government regulations.

GROWTH AND RENTS

The jump from housing (or land) rents to housing (or land) prices is a complicated one. In
Chapter |, we discussed how rents that are determined in the property market get con-
verted into asset values by the capita. market. Four factors are central to determining the
rate at which income is converted into value: (1) long-term interest rates, (2) the expected
future growth of current rent, (3) the risk, or variance, associated with that rent, and
(4) the federal tax treatment of real estate. Together these four factors determine the capi-
talization rate. Throughout this text, we will focus mainly on the role of interest rai€s,
taxes, and expecled rental growth, leaving detailed discussions of risk and its role to texts
on real estate finance. In this chapter, we ignore the federal tax treatment of real estate.
but will explore its impac! later in Chapter 8.8 .

The historic growth of urban housing (or land) rent can depend on a numbe: of fac-
tors, but the Ricardian model suggests that the most important of these is the growth of a
city’s population. Cities grow and expand gradually as the population of a region or
nation increases, and this growth is largely responsible for increases ia locational or land
rents. Capital markets look forward, however, and consider the likely future growth of
rental income when determining capitalization rates. A dollar of rental income that is
expected to grow is worth considerapty more tcday than one which the market expects to
remain constant. In Chapter 10, we will discuss a number of theories about how future
expectations of rental growth are fermed. At t1is point, we will sinply assume that the

SWheaton (1977) empirically estimated these elasticities for households in San Francisco and found an
income elasticity of demand for land that was guite close to the income elasticity of commuting.

$The approach Lo prices and growth taken here builds on Capozza and Helsley (1989, 1990), who con-
sidar the impact of risk and uncertainty as well as urban growth on urban land prices.
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market expects carrent or historic growth to contimue into the future. Thus, to understand
:csw housing prices are determined at a particular location, we must examine what is hap-
pening to rents at that location as a city grows over time. Just as with cur discussion of
rents, we will begin by analyzing house prices and then derive land prices as a residual.

Equation (3.3) makes it clear that the rent for housing at any location depends on
the rental cost of structures, ¢, the agricultural rent foregone on the house lot, g, and the
owma of commuting from that location as opposed to commating from the city's _woaa. at
a._mﬁmsnm b. This border, in turn, is related to the population of the city through Equa-
tion .G_.mv. I we zxamine Equation (3.5) in detail, we can see that as the population of a
city increases, the city’s border grows by one-half of the growth rate of its population. If
the population of a city is increasing a: a rate of 4 percent annually, then the amount of
developed land (area) should be expanding at the same rate, but circularity necessitates
that the radius increase by only 2 percent annually.

:” the city population is growing mEooEG, at some constant rate and its edge is
n.xmm_a_:m at one-half that rate, then the border distance is growing exponentially over
time, We will denote time with the vardable or subscript (r), which runs from the current
period (¢ = 0) out to infinity (¢ = e=). We denote the current border or city edge as &, and
En.@ as the constant rate at which this edge is oxumoﬁmﬁ_. to.grow in the future. dﬂmm 18
n.nEﬁ_nE to assuming that population will increase at a rate that is twice (g). Thus, at
time r> 0, the city edge b, will be be%.® This expression for where the border will ,cm at
each future time period also allows us to determine the future time that any site (beyond
the current border) can be expected to become developed. This is tantamount to asking
at what time the border will reach a given distance. Inverting the border function, the
time zw:: development (7) for a parcel of land located a distance d > b_ is _omo&w Vg
Thus, in a city whose population is growing at a constant rate 2g, mn_cm:w:m (3.12] .m:_o

Em border as a function of t.me b, and the time at which the border will reach a particular
distance T(d).

b, = bye®, t>0
_ d : .
og e : : {3.12)
R d > b,

T(d)

"If we take Equation (3.5) and differentiate it with respect to n, we get the following expression:

i
ab 1 (g b

o 2nlav 2n
Rearranging:”
b _1m
b 2 n

p : . .
The &vﬁvga.x at the end of this chapter provides a mathematical discussion of confinuous compcund
growth and discounting.
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50 Microeconomic Analysis of Property Markets Section 2

discounting mathematics in the appendix, we can obtain Equation (3.14) for the price of
existing housing.

P,(d) = PDVIR,(d)]

f—oe
R kib, —d) kb.g
o + —t d<b, i>g
i i i i(i-.g) (3.14)
Current Future
Agric. Structure locati growth in
ocation .
value value location
value
value

The four lerms in Equation (3.14) are readily interpreted. The second term is the
present discounted value of structure rent, or simply the cost of constiucting the house.
The first and last two terms together constitute the value of the house’s lot. The first term
is the present discounted value of the agricultural rent foregene on the ot when the house
is developed. We call this the agricultaral value of land. The third term s the present dis-
counted value of the current location rent at the site {the commuting costs saved at the
site id) relative 1o the current urban border at time ¢ (). We call this the current location
value. The fina term is the discounted value of the increassd commuting costs saved at
the Jocation in the future as the border grows (at the rate ).'* This is the value of the
expected increases in location rent, or the futurs growth in location value. The sum of
thess last two terms can also be thought of as the present discounted value of the location
rent that will exist at the site from now on. We have separated the two so as to illustrate
the following points. First, for a house located right at the border, thz third term drops
out. There is no current location rent at the border; the value of a house is composed only
of structural rent, agricultural rent, and the expecied future increases in location reat. Sec-
ond, if the city is not expected to grow (g = 0), then the final term vanishes, and location
valte is composed only of today’s location rent discounted forever.

It is useful to compare the house price in Equation (3.14) with the current rental
income from housing as defined in Equation (3.13). As discussed in Chapter 1, the capi-
talization rate js defined as the ratio of rent to price or the rate at which rents are trans-
lated into asset value. Assets with growing income streams always have lower
capitalization rates than assets with fixed or declining income streams. In the Ricardian
model, the fact that house rents rise fastest nearer the border and slowest at the center
suggests that for developed land, the capitalization rate varies across locations. If we

°[n Equation {3,14), the last term can be derived mathematically as:

thg | Kb Ky
i(i-gy (-g) |

The first term on the right-hand side above is the present discounted vahue of commuting costs to fulure
borders—starting from the border at time #, b, We discount with the combined rate (i - g) as described in the
Aprendix, becaus: the border is growing at the rate g, assuming that (i » g). The second term is the present dis-
couted value of commuzing costs to the (fixed) border thatexists at time 1. The differerce is the present dis-
cousted value of the increase in commuting costs as the border grows {oul from time ). These increaszd com-
muting costs will generate increases in locational rent.
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compare the ratio of current (¢ = 0) rent-to-house price across locations, we get Equa-

tion (3.15).
Ry(d) _ ii-g)R(d) B
Pid) G-pR ) +hhg S 6.15)

The expression for the capitalization rate in Equation Aw;m:m complicated and
somewhat difficult to interpret. To facilitate its interpretation, we can consider the inverse
of a capitalization rate—a sile’s price-rent ratio, as expressed in Equation (3.16).

P(d)y 1 kb,g

R i pr@ 3.16)

The price-rent ratio in Equation (3.16) can be thought of as comparable to a price-
earnings ratio for equity shares or corrmon stocks (P/E). Since the P/E is the inverse of
the capitalization rate, assets with growing income streams always have higher P/Es than
assets with fixed or declining income streams.

.Eoé does the ratio of price to rent in Equation (3.16) change as the city grows? If
the city is not growing (g = 0), then the entire last expression vanishes and the price-rent
ratio is simply the inverse of the interest or discount rate, or 1/i. Hence, with no growth,
the capitalization rate for hcusing is the interest or discount rate and is the same through-
osm the city. When the city is expected to grow, the price-rent ratio exceeds 1/ (the capi-
taliza‘ion rate is less than ). At sites closer to the urban border, R (d) is lower, and
hence, the second term is larger. Within an urban area, the price-rent Wm_mo will be mcamu
what greater (capitalization rate lower) at the edge of the city, where, in this model, rents
increese the fastest. Moving toward the center, the expected increase in rents is slowest
and, hence, the price-rent razio falls (capitalization rate increases). .

Numerical Example

Let’s continue by illustrating how house prices vary across locations in our stylized city,
Assume that the long-term interest rate is 7 percent and the border is expanding at 2 per-
cent per year. Remember that housing rents at today’s fringe of 20 niles are $7,250.
Plugging these figures into Equation (3.16) yields a price-rent ratio at the border of 17.4,
or a capitalization rate of 5.7 percent. The price of housing at the border is simp.y the
current rent at the border divided by this capitalization rate, or $127,193 ($7,250/.057).
At the city center, current housing rent is $11,250. Following Equation {3.16), the Jrice-
to-rent ratio at the center will be 16.3, or a capitalization rate of 6.1 percent. Ur“m&mm
current rents at the center by this rate yields a price for central housing of $184,426.

. There are several important lessons from this simple model about house rents,
prices, and capitalization rates.

1. .éw.ms there is no expected growth in the city as a whole, the capitalization rate
is simply the interest rate and is constant across all locations. within the city.
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FIGURE 3.4 Components of land prices.

(future growth in location value) is the present discounted value of expected ?::.n
increases in location rent at sites al-eady developed. Beyond the current border, this
value declines exponentially, since such increases in location rent will not begin until the
date of future development, T(d). As one considers ever more distant locations, the
prospective date of development is so far into the future that, when &moocs.&, these
anticipated renial increases are worth close to zero. At this point, land has only ‘ts pure
agricultural value.

Numerical Example

We can calculate the residual value of an acre of developed land today at the urban cen-
ter. Remember that we assumed that there were four housing units per acre, which means
that g is equal to 0.25. From Equation (3.17), we can calculate land prices by adding up
the three terms. The first is the value of an acre of agricultusal land: $14,286 ($1,000/.07).
The current location value due to commuting cost savings is $228,571 (at ¢t =d = 0;
(200 x 20)/(0.25 x 0.07)). The future growth in location value as a result of anticipated
increases in commuting cost savings is $91,429 (200 x 20 x 0.02/(0.25 x 0.07 x 0.05)).
Summing the three terms yields a per-acre price for land at the center of $334.286. In

Chapter3  The Urban Land Market: Rents and Prices

™
declines linearly from the city center to the current urban border (20 miles). v
out, vacant land prices decline exponentially, eventually reaching the value of aWﬁm H..‘
cultural land, $14,286. While these prices seem reasonable at the urban F:mamwm

expect higher central prices, particularly for a large city with 2 million houscholds .n_._mﬁ is
growing at 4 percent annually. The explanation ies in our assumption throughout this
chapter that density is uniform throughout the city at a level that is typical of U.S. subur-
ban communities. We will see in the next chapter that densities tend to rise toward urban

centers, which significantly increases central land prices.

ﬂ,r%

It is important to point out how the various components in Figute 3.4 all change
with market conditions. If the city is not growing, and is expected to continue not grow-
ing inthe future, then-g = 0 and both the rectangular area representing future value and its
exporentially declining value (beyond b,) coilapse to zero. With no growth, there are no
incresses in location rent, and land beyond the current border will never be developed. In
this case, land prices reflect only the discounted value of current location and agricultural
rents. As the expected future growth rate of the market increases, the rectangular area
rises and vacant [and acquires considerable value because of its development prospects.
This higher pricz for vacant fand beyond the urban boundary gets reflected in higher’
housing prices and residual iand values for sites already developed throughout the city.

This discussion of prices yields & final conclusion about the structure of land mar-
kets and how they may vary either between cities or within one city over time. Consider
for the moment (wo cities whose current population, income, density, and transportation
costs are identical. One city, however, has been at its current size for many years and is
expected to remain so in the future. The other city has been growing rapidly and is
expected to continue this growth in the future. The development edges of these two cities
along with land znd housing rents will be equal. The prices of land and housing, however,
will be very different. The strong growth rate of the second city could yield prices that
are significantly higher than those of its stagnant counterpart.

Within a city over time, economic or population growth often fluctuates with that
of the surroundiag region or the nation as a whole. As the current rate of growth fluctu-
ates, the market may adjust its expectations about future growth. As these expectations
adjust, there can be sharp changes in the value of urban land, even thongh current rents
may rot change at all. Retuming to our simple numerical example, the value of an acre of
land &t the center and the border is considerably lower if our city of 2 million residents is
not ‘expected to grow at all (as opposed to 4 percent annually). In Equation (3.17), the
third term drops out with no growth and centrzt land is worth $242.857 rather than
$334,286. Land at the border would plunge in value to $14,286 from $105,715. At the
border, both the second and third terms of Equation (3.17) are equal to zero.

As we will see in Chapter 7, it not uncommen for urban growth rates to fluctuate in
this range. Much of the variation of real estate prices over time is due to changes in the
expected future growth of rental income, rather than to changes in the actual level of
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» Rents for housing, and the derived residual rents for urban land, vary by location
within cities so as to exactly offset the va.ue that households place on the advan-
tages of those locations.

» Households and other land users such as firms compete with each other for loca-
tions within a land market. Locations are occupied by that use that derives the
greatest benefit from the site’s locational characteristics, and, therefore, offers the
highest rent.

« Cities with greater population rend to expand horizontally, to farther or less desir-
able locations. This makes existing developed sites more valuable, and increases
housing and land rents at all locations.

» The rate of population growth of a city is a prime determinant of housing or land
prices. With faster growth comes increasing land and housing rents. The capital-
ized value of these increases form the basis for prices. The rent-to-price ratio or,
capitalization rate for housing or land will vary both across locetions at one poing
in time, as well as over time at one location.

APPENDIX: CONTINUOUS TIME DISCOUNTING*

A variable (suca as rent r) that begins at r, and grows annually at a compound rate g, will
after ¢ years hzve the value: r(1 + g). Now suppose that we compound the growth n
periods annually, but use a growth rate of g/n. We get the expression bzlow for the value
after ¢ years (tr periods), which in the limit (as # = o) yields the definition of a natural
exponent:

i

Hinit (7 — o): r ~+m = r,e”

Followinz the same procedure, a variable (such as rent r) received ¢ year: in the
future can be discounted at a compound annual rate i. Today, that r2nt is worth: #/e”,
or re,

The value (p) of a fixed annuval income r, received each year from time O until fime
T, is the sum of the discounted values of this income over the received years: its present
discounted valie. When time is coniinuous, and interest or compounding figured like-
wise, the sum of discounied values is replaced by the integral of the discounted value
function. Integrating re from 0 to T yields:

' T A .
p = limit(n — SVM L= _J.m-,.&: =(l-emME
=0 i {
1+ - °
n

If the income is received forever (T'= oo}, then p=ri

15See Chiang (1984) for : complete discussion of discrete and continuous time discounting.
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If an income strearm siarts out at an initial value (r,) and then increases (from: =0)
at a continuous compound rate g, the discounted value of the income received at time ¢ is:
ryefe = rgtre
Following the same procedure as above, the curreat present value of this growing income

stream (p} will be the integral of the discounted values:
T -
p= -_.ﬁomnc.la:&m - A~ . mlc.;n:,v . 'y
1] Am - Ww

If the income is received forever (T = =), then p = r, /(i - g).

The formulas for the present value of a growing income stream are identical to
those for a fixed income stream if the nominal discount rate {7) is replaced by a real dis-
countrate (i - g). If the income stream is truly expected to grow at a rate that exceeds the
discount rate (i — g < 0), then one has found the proverbial “free lunch,” whoss dis-
counted value will be infinite.

The real discount rate (i — g) is the capitalization rate to be applied to a current
dollar of riskless income expected to giow forever at the constant rate g.
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62 Microeconomic Analysis of Property Markets Section 2

1990 Population Density
(people per squore mile}

M 12,000 to 17,000
4,000 to 12,000
2,00010 5,000

500t0 2,000
Oto 500

FIGURE 4.1 Population density for Boston-area cities and towns, 1990
Source: 1990 Census.

average population density across these towns is 1,589 people per square H.a_.a_ but a_.w?
sity varies widely from 18,543 people per square mile in moEnZ_.:o_ m&_o: is _.cm, outside
the city of Boston, to 157 in Bolton, to the far west of Boston. This wide variation and the
general decline in population density with distance from the center are clear from the
map. .

There are some anamalies in our density data. For example, the city of wo,ﬁ.o: hasa
lower population density than several of its neighboring towns, such as ﬂuav:amo and
Somerville. This is due to the fact that our measure of population density is based on the
total land arez of a city or town, not just land used for residential purjoses. r_. the city mm
Beston, more land is used for commercial and institutional purposes (€.g., offices, hospi-
tals, government, universities) than in some of its neighboring H.saw&n:omm..m fact Em_.,
drives down the population density as we measure it. Note also the two Em:,.ammmn_c_
towns to the northwest of Boston. These are Lowell and Lawrence. old Em.sEmoEnnm
centers that developed historically as employment centers with dense residential develop-
ment of their own.
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The variation in population density with distance from the central city is often sum-
marized through the estimation of a population density gradient. A densiry gradient is .
estimated by a simple two-variable regression model with population density as the
dependent variable and distance as the independent variable. The standard specification is
the negative exponential, wkich takes the form:

D(d) = D¢ @.1)

Here, the population density at distance d miles from the center of the city, D(d),
has two components. D, is the model’s estimate of the level of density at the center and o
is the estimate of the coefficient on distance, which represents the percentage reduction in
density with each unit increase in distance (i.e., each mile) from the center. In order to
statistically estimate Equation (4.1), it must be tansformed into a linear expression by
taking the natural logs of both sides of the equation, which yields:

log(D(d)) = log(D,) - od “.2)

Equation (4.2) is estimated by an ordinary least squares regression, across observa-
tions consisting of towns, in which the dependent variable is the log of town density and
the independent variable is the town’s distance, & In Table 4.1, we present estimaes of
Equation (4.2) for the Boston metropolitan area. For 1990, the coefficient on distance (o)
is —0.09 and is statistically significant. This provides an estimate of the slope of the area’s
density gradient and means that with each mile increase in distance from the center, pop-
ulation density decreases by 9 percent. The constant in this model is the estimate of
log(D3), or the average dentity level a the center. In this sample, it is estimated at 6,634
peoplz per square mile (log(D,) = 8.8, or D = ¢%* = 6,634). The density 20 miles from the
center is predicted to be 1,097 people per square mile, This simple model explains 53
perceat of the variation in density in 1990,

In Figure 4.2, we presznt a scatter plot of actual town densities by distance from the
center of the city of Boston with the line through the points representing our estimate of
Equation (4.2). While the mode] fits the data well rom about eight miles outward, it does
considerably worse in fitting the data near the center. In fact, the actual population

TABLE 4.1 Population Density Gradients for Boston Metropolitan Area

1990 1970

1990 1970 North Wesl South North West South

Constant 8.80 9.03 8.98 9.00 8.49 9.12 9.20 8.80
{11.72) (11.06)  (1076) (12.08)  (1541)  (0.06) (114D 114.30)

Coefficient on -0.09 -0.11 =009 -0.F -0.08 -0.10 -0.13 -0.10
Distance (-12.68) (—14.14)  (-736) ~(-84L) (8.8  (-780) (-9.00) i-9.79)

R? 0.53 0.58 052 0.58 0.63 0.54 0.6! 0.7t
Observations*® 146 146 33 5¢ 41 53 54 4]

Dependent variable: gross population density.

T-statistics are in pasentheses.

*The city of Boston was used in each of the corridor density gradients. ]
Source: Authors’ calzulations, using the 1970 and 1990 Census, Detailed Housing Characteristics.
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66 Microeconomic Analysis of Property Markets Section 2

1970 - 1990

MW 6,000 to 23,000
1,500t0 5,000

Oto 1,500

-1,5C0 t0 0
-6,000 to -1,500
+13,000 to -6,000 '
46,788 (Boston}

FIGURE 4.4 Change in population for Boston-area cities and towns, 1970-1990.
Source: 1970, 1990 Census.

$1€0,000 of expenditure might purchase a two-bedroom heme with a large lot and swim-
ming pool, or a four-bedroom house with zero fot line and no pool, . .

The point here is that housing is a heterogeneous commodity—houses em.ﬁ in
structure size and characteristics, as well as in the location and type of Tot on which they
sit. Because housing units are fixed in space, a household implicitly chooses many &mm?
ent goods and services when it selects a house, including neighborheod and wo:.oo, dis-
trict, as well as the components of the structure itself. Identical houses on identical lots
will often sell for very different pricss depending on the quality of community schools or
otker public services. We will discuss the imoact of local public services on property
values in detal in Chapter 13, .

In studying housing markets, it is important to distinzuish between the expenditures
thzt households make and a true measure of price. A true market price is defined for a
fixed quantity of a good {e.g., price per pound of oranges or price per mm_:.un of gasoline);
expenditures are this unit price times the quantity purchased. In the so;ﬁ:m Eﬁw.mr we
generally observe expenditures, not price per standard quantity (or quality) of housing. In

Chapter 4  The Urban Housing Market: Structural Attributes and Density 67

this respect, housing is quite different from other markets that economists study wherc
standardized unit prices are directly observed.

In Chapter 3, we introduced the notion that housing rents or prices compensate
consumers for locational advantage. In a competitive market equilibriom in which all
households are identical, households should be as equally well off paying less at less
advantageous sites as they are paying more to occupy more desirable locations. This prin-
ciple of compensation across locations continues to hold as we consider housing as a
heterogeneous good with many different attributes. Households examine each house in
the market and choose that unit which, considering price, makes them best off. Assuming
(as we did in Chapter 3) that househclds have similar tastes and incomes, the price of
each house will have to compensate exactly for its varied attributes, In Chapter 3, hcusing
rents were hypothesized to exactly compensate for the commuting costs associated with
different locations. In this chapter, housing rents or prices will have to compensate for all
of the desirable or undesirable features of each unit, such as density, size, number of
bathrooms, or construction quality, as well as the locational advantages associated with
the site such as commuting, What amocunt of money would make a household indifferent
between a three- and a four-bedroom house? What is an extra bathroom worth to a poten-
tial homebuyer?

When households evaluate a heusing unit they apply a valuation process that is
basec on the unit's various :ndividual zttributes, Itis important for both sellers of existing
units and builders of new units to understand this implicit valuation process of buyers,
because explicit prices for individual ateributes are never directly observed in the housing
markat. As with any economic commodity, we expect that the implicit valuation of indi-
vidusl attributes, like bedreoms and bathrooms, will follow the law of diminishing mar-
ginal utility: the added value of additional consumption of a commodity drops as more is
consumed. To illustrate this economic principle, we turn to Figure 4.5, which shows the
amount a housenold is willing to pay for units of different size (measured in’ square feet
of floor area, SIZE). The solid line depicts how the household’s total valuation. for a
house varies with its floor area, while the dashed line depicts the implicit valuation of
each additional square foot. Both demonstrate that a bousehold is willing to pay less per
square foot as more floor area is acquired.®

What are the specific slopes and shapes of the curves in Figure 4.57 How much
does additional square footage actually add to the price of a house? How can we quantita-
tively estimate the implicit price of individual housing attributes, given that these prices
are not directly observed? We can measure such consumer valuations using maltiple
regression analysis to estinate what is called as hedonic price equation.* An hedonic
price equation considers the market price paid for a house, P, to be a function of the
levels of all observable characteristics of that house, X, i = 1, n. The dependent vartable

il

{housing price or rent) can be developed by tracking actual sale or lease transactions or

3The dashed line (or marginal value of a square foot) is the derivative of the solid line (or total viluation
of the unit).

*According (0 Berndt (1951, p. 111), Coart (1939} coined the term hedonic pricing from hedonistic
philosophies found in utilitarianism. Court estimated the enjoyment that consumers receive from the individual
attributes of an automobile such as speed, internal comfort, safety, and so or.
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70 Microeconomic Analysis of Property Markets Section 2

In Equatioa (4.4), t-statistics are in mﬁmsﬂrmmmm beneat!! the coefficients. More bed-
rooms, bathrooms, and the presence of a garage all increase the price of the home. Price
declines if the unit is an attached rather than a detached unit (the variable SFA), or if the
unit is of poor gpality or located in a bad neighborhood. Price also declines if the unit is
focated in the central city. This result is the opposite of what is expected in the monocen-
tric model preseated in Chapter 3 in which the reduction in commating costs closer to the
CBD increases housing retts and prices. The negative impzct of 2 central city location
in Equation (4.4) may reflect other characteristics of the central city ignored in the mono-
centric model, such as high crime or poor-quality schools. The expected sign for
the coefficient on the age of structure is unclear. Older structures could be expected to
provide lower-quality services, but it s also true that older units often have unique fea-
tures, such as charm or stylz, that home purchasers value. In this hedonic, age has a nega-
tive influence on house price. All of the coefficierts are statistically significant.

Using Equation (4.4), we can explore the issue of how households value individual-
attributes of a housing unit, as well as how they value an entir¢ house with a specific set
of atiributes. If, for example, we apply the estimated coefficients to the average character-
istics provided in Table 4.2 and sum the terms, we can estimate the value of a house with
those average altributes. That catculaiion produces an estimated average house price of
$196,738, which is almost exactly the average value of houses in this sample.’

The coefficients in Equation (4.4) are esiimates of the incremental value to be
gained from more of each attribute. This hedonic equation indicates that a bathroom is
the most valuasle attribute, worth $30,678. A garage adds $21,681 to the value of a
home. Holding all other characteristics constant, a single-family attached unit is worth
$3,880 less thau if the unit were free-standing.

While linzar hedonic equations are frequently used in property valyations, they do
have the unrealistic featurs of assuming that each additional room or bathroom has the
‘same value. As we discussed earlier in this chapter, it seems reasonable to expect that
the law of diminishing marginal utility applies and that the value of additional bedrooms
or bathrooms declines as more are added to a unit. By altering the specification of the
hedonic model, we can permit the curvature between price and attributes implied by the
law of diminishing marginal utility. A common model specification dzsigned to address
this issue takes the form:

P=ox"Xj.. X 4.5)

To statistically estircate the parameters of Equation (4.5), we transform it ino a lin-
ear equation by taking the natural logs of both sides. This yizlds:

log P=log o+ Bog X, +Blog X, +...+plogX, (4.6)

?A fundamental principle in regression analysis is thar when an estimated regression equation is evalu-
ated at the mean vatues of the independent variables (the estimated coefficients are multiptied by the mean
values of the independent variables), the model predicts the mean value of the dependen variable (see Pindyck
and ubinfeld 1991). The small discrepancy between the calzulated house value and the actual mean house
vabuz is caused by rounding.

Chapter 4  The Urban Housing Market: Structural Attributes and Density A

The coefficients in this mode] are obtained by estimating a linear regression equation
in which the dependent variable is the natural log of price, and the independent variables are
the natural log of the original attribute measures. Rather than determining the (constant)
value of an additional unit of each attribute, X, the coefficients of Equation (4.6) represent
the elesticity of price with respect to increases in the atiribute: the percentage change in the
dependent variable that results from a percentage change in the independen: variable.

Using the same AHS data, we can estimate the following hedonic equation using
the log-log specification.? :

LOGP = 1171 +0.165 LOG BEDRMS + 0.473 LOG BATHRMS

(3563.6) (97.54) (326.09)

+0.145 LOG GARAGE —0.004 LOG AGE
(103.76) (-5.06)

— 0.001 LOG SFA - 0.122 LOG POOR-QUAL UNIT . (4.7)
(-0.27) (~29.70)

~ 0.103 LOG BAD AREA - 0.015 LOG CENTRAL CITY
(~40.77) (-4.34)

N=1168 " =0.286

How do we interpret the coefficients in Equation (4.7)? These coefficients are esti-
mates of the exponents in Equation (4.5). For a discrete variable, such as the presence of
a garage, we do not think about percentage changes; rather, we think only about a house
either having or not having a garage. If a house has a garage, the variable has been coded
with the value 2; if it does not, the value is 1.* Using Equation (4.5), we find that the pres-
ence of a garage adds 10.6 percent to the value of the house (2*'% = 1.106). If the house
is located in an vndesirable neighborhood (another discrete variable), its value is reduced
by 6.9 percent (2%'® = (1.931).

We predict a house’s price by simply inserting values for each attribute in Equation
{4.5), using the cocfficients estimated in Equation (4.7) as the exponents in Equation (4.5),
and then multiplying all of the terms. The price for a single-family detached house that is
27 years old; has three bedrooms, two bathrooms, and a garage; is in gcod shape; and is
located in a good neighborhood in the suburbs would be:

Nu = m_ :_Wo._mumgn.._umo._amw;wlcbe“~b.ca_ _L:._B _uc._a:.ao.o_m

=221,118

Using our house with the attribues defined above but varying the number of bath-
rooms, we can illustrate the law of diminishing marginal utility. A house with those aver-
age characteristics that has one bathroom is valued at $159,308. With two bathrooms, an

{4.8)

¥The R? value of this equation is not stricdy comparable to that of the linear Equation (4.4) and socannot
be used to judge which model fits the data best statistically. There are more advanced statistical procedures for
making this comparizon {see Pindyck and Rubinfeld 1991).

%8ince we cannot take the log of 0, those variables takirg on the values of either O or | are entered as |
or 2 inestimating Equation (4.6). : .
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74 Emn_.omnozoamn..b:mzmmm of Property Markets  Section 2

A landowner-developer contemplating the developmen! of a site wants to mazimize
the residual profits to be obtained from the land, after construction cos's. Thus, the den-
sity of development should be that which maximizes the potential residual value of the
land, Let’s assume here for simplicity that the only type of development is for residential
use, In evaluating different densities of residential development, the developer must con-
sider how the consumers’ willingness to pay for units will vary with density, as well as
how density increases the number of units to be placed on the site. Since consumers in
general are willing to pay less per housing unit as density increases, there exists a trade-
off. Greater density reduces the value and, hence, profit from each unit, but increases the
number of units that can be placed on the land. The former reduces site profits or value,
while the latter increases it. A developer must balance these two forces in seeking the
highzst return o a site, rather than simply assuming that greater density yields higher
profits and residual value. Let’s work through this tradeoff more carefully.

Density can be measured int two ways: as the ratio of housing units to total land
area of the property, or as the ratio of total housing floor area to tota! land area, com-
monly referred to as the FAR (floor area ratio). Throughout this chapter we will use the
FAR measure, although our discussion can easily be recast using the units measure. We
will refer to thz FAR ratio with the variable F. As already discussed, we expect that,
holding all other attributes of the unit and location constant, consumers will pay less fora
housing unit that is in a taller building or a more dense development. Inan hedonic model
like those presented in the previous section, we would expect to get a negative coefficient
on density. Using those hedonic models in the previous section, we can define an hedonic
equation for the price per square foot of floor area (P) in a Lousing uni: P = 0. [jF. The
coefficient o represents the collective value of ail other locational and housing atiributes
that can affect the price (per square foot of floor area) of a house, while B represents the
marginal reduction in value that occurs as the house lot is reduced and its density or FAR
ratio increased.!'

We also zxpect that the cost (per square foot of floor area) of censtructing housing
units (€} will vary with the FAR of the residentia. development. In fact, the cost per square
foot of construction tends to rise with greater FAR due to increased foundation work,
grester structural support, or the necessity of elevators. For simplicity, we abbreviate the
cost of construction as: € = y + TF. Here, p represents a basic cost of construction {per
square foot) and T the incremental additional cost (assumed linear) as density is increased.

In the top panel of Figure 4.7, we present the price schedule and construction cost
schedule per square foot of floor arez as functions of FAR. The profit (per square foot of
flocr area) to be made from constructing a housing unit is simply P - C, or the vertical
distance between the price and cost schedules. Clearly, profits per square foot of con-
structed floor area are reduced as the site’s FAR of development is increased. Profits are

1iAs in Chepter 3, we will adopt the convention of using npper-case fetters to refer 10 housing variables,
lower-case letters for land variables, and Greel: symbots for sarameters or coefficients.

The assumptior: that the PAR reduction is linear is made only for ease of matheratical expositon. In
fact, given that P is expressed per square foot, the negative rzlationship beween F and FAR is actually some-
what curved.
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78 Microeconomic Analysis of Property Markets ~ Section 2

TABLE 4.3 Characteristics of Boston Back Bay Condominiums, "984

Mean Standard Deviation
Price per Square Foot 149.34 3927
Bescon Hill 130.08 3223
Marlborough St. . 156.50 4028
Beacon St. 150.90 4122
Commonwealth Ave. 143.55 3468
Parking 0.25 043
No. of Bedrooms 1.44 0.82
MNo. of Bathrooms 1.43 0.59
Distaice to Boston Common ({1.) 5,167.41 311247
No. of Stories 7.62 4.39

The following localion distribution applied to the units used in this study: Beacon Hill, 1.73%; Marlboseugh St.,
15.57%: Beucon St, 47.23%; an¢ Commonwezlth Ave., 35.47%.
Source! Greater Boston Board of Realtors,

square foot of the unit, although the coeficient on bathrooms is statistically insigrificant.
Locations on the three streats in the Back Bay has a negative impact on vatue relative to a
location on Beacon Hill, which was the default location left out of the equation. Surpsingly,
the coefficient on distance from the Boston Common is positive, but statistically irsignifi-
cant. Finally, the taller the building tha: houses the unit, the lower the value of the uniz.

The data in our sample suggest that the Boston Back Bay area has an average FAR
of about 7.5, but this does not necessarily reflect the market demand for housing in this
neighborhood. The older historic townhouses tend to be 4 to 5 stories tall, while many
buildings constructed between 1920 and 1960 very between 8 and 12 stories. Since 1960,
the neighborhood has been an historic district in which a public board limits the FAR of
new development to be compatible with the older townhouses. To determine the most
profitable FAR (in 1984), we can tzke a prototypical two-bedroom, two-bath uait with
parking and determine its base value for all terms in the hedonic equation above, except
for number of stories. This becomes the value of the coefficient o in Equation (4.9). For
Beacon Hill, the most prestigious location in the sample, these terms add up to a value of
$222.04 per square foot (1810 +(6.2x 2) + (2.7 x2) + 23.1 + (0.0007 x 200} = 222.04).
The contribution of FAR to the price equation (the coefficient 3 in Equation (4.9)) is
$~1.48 (for each additional story). Using these estimates, the price per square foot for the
unit would be $222.04 — 1.48F. If the unit was located on Commonwealth Avenue rather
than Beacon Hill, the equation would be $176.8% — 1.48F."

For a consfruction cost equation, consultation with local architects suggests that
in 1984, square-foot construction cests could be closely approximated with the function
€ = 100 + 2F. Following the steps in Equation (4.9), we find that the optimal FAR for new
construction cn Beacon Hill would be 17.5-—more than twice the average height in our
sample of buiidings in this area (F* = (222.04 -~ 100)/2(1.43 + 2) = 17.5). Using Equation

Tn this example, the Beacon Hill valie is calculated with the thres locational dummy variables set to
zers and distance (o Boston Common set at 230 feet. The caleulation for the Commonwealth Avenue location is
based on CDEUM = | und the average distance For units on tat street to Boston Common of 5,855 feel.
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(4.9), we can determine that at the suggested FAR of 17.5, land is worth $1,068 per square
foot (p" = (222.04 - 100) X [7.5/2). With 43,560 square feet in an acre, the value per acre
of lard (at an FAR of 17.5) is $46.5 million. At a typical townhouse FAR level (four
stories), land for new development would be worth only $10.6 million. In historic districts

or any other area in which height resirictions are in place, the reduction in land <m_=m
vmnmcmo of lower FAR levels (relative t the optimal FAR) might be viewed as the cost of
imposing such land-use regulations. In some situations, however, this cost may be justified
by a broader incrzase in values, a topic that we will discuss in detail in Chapters 13 and 14.

LOCATION AND RESIDENTIAL DENSITY

At the beginning of this chapter, we-argued that density increases at sites with greater
location rent because as land rents rise, developers substitute away from land and use
more structure capital. Morz valuable land is used more intensely. As we consider resi-
dential density ai different sites within a city, density normally tends to be higher at more
valuale locatiors where location rent is greater. This is a pattern seen in cities through-
out the world, a least in those in which private land markets determine development,
Along oceans, lakes or rivers, there are often walls of high-rise apartments. Real estate is
developed at similarly high densities in downtown areas. Even in the suburbs, clustars of
apartments and townhouses tend to be developed near shopping areas or business
distriets, or at town centers. Let’s explore in mcre detail the argument that it is more
profirable to develop more desirable sites at higher density. .

. Referring back to the expressions in Equation (4.9), as well as to the information
E.Em—:m 4.7, we pose the question of how the relationship between FAR and land
price would change as the analysis is cone at different locations. As we move to a more
desirable location, the intercepl of the house price function (o) increases. In the diazram

this shifts the price line upward. Of course, this will change the solution value mﬂ Em
optimal FAR (#7), and the resulting residual vaiue for land p*. From the first part of
Equation (4.9}, it should be clear that & greater o will increase the solutton value for F*.
In the second part of Equation (4.9), this in turn increases the potential vilue of land p’.

. To see this result graphically, we can imagine Figure 4.7 with a higher housing
price (P) schedule—presented as the dashed line in the top panel of EmE.m 4.8, Let’s
assume that construction costs have not changed. With this higher price schedulz, the
maximum FAR that can still cover censtruction costs will shift outward, Thus mmm:w
FAR, the profit per unit will be greater and the triangular area will expand. Hs“oammoﬁ_
location rent always generaes greater potential housing profits (per square foot of floor
arca). When this greater profit per flocr area is nultiplied by FAR, the result is that the
sernicircular land profit value in the bottom panel of Figure 4.8 both rises and shifts to the
right. This rise and shift means that th: maximum value of the land profit function will
occur at a higher value of F', which, in turn, generates a greater residnal .and value p.'¢

. .aanEGw te the example of Boston's historic district, we can calculate the optima. FAR at the less
prestigious location cn Commonwealth Avenue, where the prics equation is 176.89 — 1.48F. The result is an
optimal FAR of 11.0(rather than 17.5) and a land value of $425 per square foot (rather than $1,068).
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82 Microeconomic’Analysis of Property Markets  Section 2

In fact, the residual value per acre from new residentiat development at the fringe should,
in equilibrium, exactly equat the price of vacant (agricultural) land.

For any city, the equality at the urban fringe between the residual value of devel-
oped land and vacant land prices serves to determine both the price of new housing and
the density of new development. This condition for market equilibrium effectively links
the results of Chapter 3 with those here. The price of new housing at the urban fringe
will be such thet when lard is developed at its optimal FAR, its residual valve [p” in
Equation (4.9)] will exactly equal the price for vacant agricultural land (p,(b)) as defined
by Equation (3.18)." This yields the important conclusion that the density of develop-
ment at the edge of a city is not based on transponation costs, the size of the city, or other
determinants of interior land prices. At the urban fringe, the price of land is fixed at its
agricultural valve plus the value of tke developrent option; this dictates the density of
fringzs development.

It is important to reitsrate that while the population of a city and its transportation.

system will surely determine how far the urban fringe extends, they do not have much
impact on fringe land prices or density. Thus, the density of new fringe development in
Los Angeles will be quite similar to that occurring in the tiny metropolitan area of
Bakersfield, California, even though rents at interjor locations in these two cities will be
dramatically different. This important conclusion explains why there often exists low-
density single-family housing at very central sites in many rewer American cities. These
interior sites oftzn were the urban fringe just 50 years ago, and market conditions may not
have changed over the intervening years. Thus, the housing built 50 years ago may use a
similar density to that built at today’s fringe, even though population growth has vastly
expanded the city and pushed the fringe far past iis original borders.

As cities grow horizentally, the price of interior housing, built years eatlier, may rise
or fall. If the housing is maintained, is price will normally increase because the growing
city is creating more and rore location rent for interior sites. If the housing is not main-
tained, its price could deckne if the toss in value from the deteriorating structure exceeds
the increase in locational site value. In some cases, older housing may completely deterio-
rate or be destrayed, creating pockets of vacant land. Such vacant land creates the opportu-
nity for new development to occur within the city rather than just at the urban fringe.

When vacant land becomes available within the interior of a city. it is developed at
a current market density, sometimes in stark contrast to the historic density of surround-
ing structures. This is easy to understand. The older structures were built at a time when
the area was at the fringe of a much smaller city. Being at the (then) fringe, land had little
Jocation rent or value. Now in a much larger cily, if the area has acquired location rent,
the optimal FAR for modern development may have increased dramatically. These differ-
ences raise the question of whether the market must wait for housing to deteriorate or be

] the housing demand equation, the price of housing is represented by o — BF. In market equilibrium,
and at the optimal density, this price must yield a residuat fard value (p* = [0t - BF* - p— F7]), which, in
turn, equals the price of vacant land. To meet this condition, ot (the hedonic value of all housing attribues
besices FAR) becomes endogencusly determined, as was truz of the modek in Chapter 3. ,
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destroyed before vacant land in the interior becomes available. Is it ever profitable to pur-
chase and demolish perfectly sound housing simply because the value of a site as vacant
land exceeds its value with the existing housing already on it?

When existing structures are purchased and demolished to create vacant land for
new uses, we say that the site is being redeveloped. Historically, widespread redevelop-
ment of urban sites has been an importent force in shaping the land use patterns of many
cities. Consider New York or Boston, for example. Around 1800, both of these cities had
predominantly detached wood-frame housing. Over the next 50 years, most of this hous-
ing was replaced with three- to five-stcry row houses of masonry construction, at much
higher FAR levels. Today, virtually none of the first-generation housing remains. While
fires contributed some to this transition, historical documents clearly show that many
owrners simply demolished and rebuilt their sites as these cities grew very rapidly in the
first half of the nineteenth century. Afier 100 or more years, these same cities experi-

Share of Town Unis Built
Before 193¢

M 60% and greater
B 50% to 60%
BB 40% to 50%

25% to 40%

less than 25%

FIGURE 4.9 Town units built before dmwo in moﬂo: -area o_:mm m:g towns, 1930,
Source: 1990 Census.
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costs (per floor area) to newly constructed house profit (per floor area). The reader should
be able to verify that for the inequality to hold when of = @, F* must be greater than F0.*!
Thus, one way redevelopment can occur is when market conditions dictate an optimal
FAR that is higher than that which already exists on the site,

How much greater dees market FAR have 1o be for redevelopment to occur? Let’s
return to our example from Boston’s Back Bay area. There, the average FAR among
existing buildings was 7.6. In fact, the district is largely ccmposed of brownstones and
townhouse structures that are generally four stories tall and newer apartrent buildings
that are B to 12 stories tall. Consider two sites in the district: one with a four-story brown-
stone and the other with a 10-story apartment building. Using our previous estimates for
o, B W, and T and assuming that demolition costs (3) are $20 per square foot (of floor
area) redevelopment becomes profitable for the site with a current FAR of 4 when the
new proposed FAR for new development exceeds 12.22 Since the optimal FAR from our
earlier calculations (77, is 17.5, the redevelopment of existing townhouses would clearly
be profitable. For a site with an existing 10-story apartmert building, redevelopment is
not profitable. The opportunity cost of existing structures at this higher density cannot be
overcome with a current optimal FAR of 17.5. These results suggest that without the
restrictions that are in place to maintzin the low-rise historic buildings in the Back Bay,
the district would seem to be ready for a major land-use transition, eliminating many of
the ¢lder brownstones and replacing them with higher-rise apartment buildings,

Redevelopment may also be profitable at relatively low FARs if the housing capital
that exists on a site has become seriously deteriorated or outmoded. Using Equa-
tion (4.11), we can see that for redevelopment to occur at a similar density to that which
alrezdy exists (F* = F©), the criteria requires that o must exceed . Again, using the
Boston example, we determine that redevelopment at the current FAR of 4 would techni-
cally be profitable if the existing structure capital (per square foot) were to deteriorate to
about 42 percent of what new structure capital is worth.

These examples illustrate that vertical redevelopment can be economically feasible
under a range of market changes that might occur over relatively short intervals of time
(decades). This is particularly likely in faster-growing economies in which location rents
quickly build up and housing capital easily becames outmaded. The fact that redevelop-
ment is not always that common might be explained by two widespread institutional con-
straints. First, in order to acquire a substantial site, land often must be assembled from
varied owners, a time-consuming and difficult process. Second, in the twentieth century,
zoning and other land-use regulations have become widespread, and these often prohibit
or slow down the process of land use change.

Hif F* = F9 then the right-hand side of Equation (4.11) is greater than one, while the left-hand side
equals cne. Why would anyone tear down a house only to rebuild the identical structure?

BWith o0 =222.02, f = 1.48, u = 100, 1= 2, and & = 20, a new FAR of 12 just mezts the criteriadis-
played in Equation (4.11).
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REDEVELOPMENT, OCCUPANCY, AND LAND-USE SUCCESSION

As interior land is redeveloped to new density levels, the occupants of that land will often
change. Such combined changes in occupancy and density of use frequently are referred to
as land-use succession. These changes sometimes can involve the large-scale relocation of
different groups of households. Understanding suck. patterns can be important in determin-
ing when and where redevelopment will occur and for whom the new uses should be built.
To illustrate how the locaticn of different househclds can change as land is redeveloped,
we can refurn to a city with two types of households such as we used in Chapter 3.

In a city with two groups of households (labeled 1 and 2), the willingness-to-pay
for hausing (per square foot of floor area) is desciibed in Equations (4.12). We integrate
Chapters 3 and 4 now by making the demand for housing depend on both distance from
the city center (d), as well as FAR (F). As in Chapter 3, the parameter k represen:s the
marginal reduction in house prices (per square foot of floor area) with greater commut-
ing, and we cortinue to use the parsmeter J to represent the marginal reduction in
willingness-to-pay as a result of greater density.

P=a-kd-BF,
P=c~kd~BF, 4.12)
k >k, B >B,

In Equations (4.12), we make the assumption that members of hoasehold Group 1
find commuting more burdensome than householes of Group 2, and that they also value
open space more, as evidenced by their greater distaste for higher FAR levels, This pattern
of preferences is often thought to hold across households of different income levels: those
earnirg more have both a higher value for time (hence, distaste for commuting) as weil as a
stronger demand for lower-density single-faroily housing (hence, distaste fo- FAR).

As the city develops initially in a horizomal manner, we could assume that the
historic housing stock has evolved relatively homogeneously, with a relatively flat FAR
gradient. As our earlier discussion suggested, this pattern is common in newer, faster-grow-
ing cities. With this historic stock of housing (and its constant FAR), the cuestion of which
household type locates where (closer or farther from the city center) will depend exclusively
on the different preferences for commuting, as it did tn Chapter 3. With the assumption in
Equations (4.12), that Group | households have greater distaste for commuting, they will
outbid Group 2 households for central housing, and vice versa for periphetal units. The pat-
tern of house prices and occupancy will resemble the PP, schedules showr in Figure 4.11.

Over time, selected units within the existing stock may deteriorate and vacant land
will become available. The question is not just at what FAR will this land be developed,
but for whom. Will the highest use for vacant land continue to involve development for
households of Group 1 at central sites and households of Group 2 at farther sites? The
answer witl depend on which group is willing o offer the most per acre for land at central
as opposed to peripheral sites.

To determine the willingness-to-pay for land by each type of household, we must
determine which FAR represents the most profitable development at a given location. Using
the construction cost function from the previous section, and following the procedures
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exceed the total price for existing housing. Normally, this occurs only when new
development calls for much greater density than exis's with the current housing.
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CHAPTER

FIRM SITE SELECTION,
EMPLOYMENT

DECENTRALIZATION,
AND MULTICENTERED
CITIES

In Chapters 3 and 4, we examined the location decisions of households and the operation
of the residential land market within a metropolitan area. We now turn our attention
to noaresidential land uses. How do firms choosz their locations within a metropolitan
area? Why do we tend to see spatial concentrations of commercial, industrial, or retail
firms? How do we explain the decentralizatior. of employment within metropolitan
areas during the last half of the twentieth century? Our focus in this chadter is the opera-
tion of a land market in which space is used by commercial and industrial firms as well as
by households. .

Chapters 2 and 4 explained how residential land markets operate around a single
employment center when workers must commute to that center, In Chapter 5, we extend
that model to show why, historically, firms tended to concentrate in a single, central loca-
tion. The traditional explanations for this phenomenon focus on the need of firms to
transport both raw materials to their plants and goods to a central market through a trans-
portation terminal such as a port: While this simple model does a fairly good job of

‘describing firm location in nineteentk-century cities, employment today uses different

production as well as transportation technologies.

Why has employment decentralized? Retail trade and personal service firms have
simply followed their household clients as they have suburbanized over the last century.
These patterns will be discussed in Chapter 6. Here, we focus on firms that produce and
sell products on a broader aational scale, and, therefore, are not tied to local residential
clients as a market for their goods or services. In brief, production technelogies changed
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94 Microeconomic Analysis of Property Markets  Section 2

In Equation (5.1}, D(d) is the density of employment at distance d. Our estimate of
the coefficient on distance of —0.10 means that with each mile increase in distance from
the cznter, empioyment density decreases 10 percent.” The constant in Equation 5.1
is the model’s estimate of the log of the density at the center of the metropolitan area
defined here as the city of Boston; the model predicts that Boston’s density shonld be
3,134 jobs per square mile (2% = 3,134), This estimate is far less than the city’s actual
density of 11,104, Figute 52 uses a scatter plot to compare actnal town employment den-
sitics; the line represents Equation (3.1). Clearly, the model does far better in predicting
employment dersity past mile 5 than within 5 miles of Boston. Even with these problems,
this very simple model still explains 46 percent of the variation in employment densities.

For most of the towns in our sample, commercial or industrial uses take up only a
small fraction of total land area. Thus, our measure of employment density may be

Employees per square mile (000s]

20

15

10

30 40
Distance to city center (miles)

FIGURE 6.2 Boston employment density, 1890,

Sowce: Massachusetts Department of Employnent and Trairing, Employment and Wages in Massachusefts
Cities and Towns (selected years), Boston, MA,

*he employment density gradient in Boston has Hattened over time. Estimating Equation (5. 1) using
1967 employment densities yields the following equation, in which employment density decreases 12.€ percent
for each additional mile from Boston:
log [(e)] =775~ 0.1264 R} =047
(€.57) (-il.35) N =146

Chapter § Firm Site Selection . 95

somewhat misleading. An slternative approach is to consider the town’s share of total
regioral employment. For 1990, each town’s share of the 2.07 million jobs in this rzgion
are displayed in Figure 5.3. While the general patterns are the same in Figures 5.1 and
3.3, there are some importart differences. The city of Boston has far and away the largest
share of the area’s jobs, representing 25.9 percent of the total. Cambridge ranks second,
with just 5.0 percent of total jobs, followed by Wa'tham and Newton, which have 3.0 per-
cent and 2.2 percent, respectively. Lowell and Lawrence to the north have 1.9 percent and
1.1 percent of the area’s jobs, respectively.

Over the past decades, employment has suburbanized in Boston, Figure 5.4 illus-
trates this by displaying the change in each town’s share of the region’s total employment
between 1967 and 1990. The Boston share of total employment declined from 34 percent
in 1967 to 25.9 percent in 1990, a decline of 8 percentage points. Declines in employment
share were also realized by many of the cities and towns closest to the city of Boslon as

SR e%
B P 0%
1% to2%
0.5% toi%
0.15% to 0.5%
less than 0.16%

FIGURE 5.3 Share of regional jobs for Boston-area cities and towns, 1990,

Souree: Massachusztts Depastment of Employment and Training, Employment and Wages in EEED_E,E:
Cities and Towns (selected years), Boston, MA,



s
o -{ps-v-dp

(€9 =(p)%
‘[ENPISO1 B SB pouuma)ap aq
Avur ‘(pY4 *aroe Jod 1ual pue] ‘sygord oIoz FulInsud SWIY teemiaq uonnadwoo yily

(9 ApYe-0-(ps—y-d)p=u

9re “a sigaad “aousy] o ‘wiry 9y £Q PasTL $9178 JO JISGLUNIE SN AU (P 4 “aior tad Juas
pUE[ pue ‘9 ‘SUIP[INg SU3 JOJ JURL SU) SPTIIUL $IS03 PAXL Wi 75 JIun Jod JoqIEW 0] 51500
Suiddiys 1o yodsuel) pue ‘y mun rod $3500 uononposd |ELRIBLI pue Safem 9pNJCUL 51800
2]qete A "$d 9q [[im sanuaai [e30] Wiy uey) “d s; eoud Jun ay) pue pood st Jo siuk § $7e8
UIr} yoes JI "'UONEBIO] ilia ATea PIom (51500 B SNUKU SaNUIARI) siijord winy Moy Iopis
-uca ‘suonduwnsse asayy fuisy ‘¢ 1eudey) Jo FuruuiBeq sy 1e epewr aw jey) suoydwnsse
a1y 01 snoToreue ‘sjoadsar Luew ut ‘are K)o pazij1s o noqe suondumsse aug,

) U2l )501eald
oy} ppo1£ 181 $3013)0 10 sjueyd 25013 03 PUv ISN 12Y) O] PAIUE JO PIILDO (R SI pUR] '
: ‘0I9z S1
1304 o1WOU0YS pue usAId sE Seoird SoNE) LWIY Uoea Jew) SuBauI Sy ATSUpUI
a1 o3ul Anus 321y Y ‘saniadures Apoeiad are syexjiewr ndur puoe jnding p
'PaX1y 51 0108 Jad Inding ‘sinionis
puE pue] pexy WIAL (P)/ “UONBIO] YIIm SSLIBA 5108 Jad JUR1 PUE| [ENPISSI S, WL
9y $EAIOYM ‘) SI SULTJ Aq Pasn 2AMOBAIS 1) I0j UL Y ‘PIXI} SJe UL} Yoea
Aq pasn [edeo oinonns pue f 5ZIs “0[ U3 YOF UOHNITISGNS IOIOB] OU ST Iy ], *¢
) ‘D 18 paxyy st uny Jad peonpoid ndine jo
s)un ay g, *s59001d uononpoad swies 2] Fuisn jxnpoad [eourept ue eonpoad s 7
‘P 5 pajouap
ST 13]u20 nornElodsuey syl wolj ouesskg 2w Jod jpun Jod siepop & $1500
(Jeururiay 9 WoIy) spoosd jo podsuen ay ‘AN a1 uynA “AIDEE su ySnoay
dALIR $po0F Jawnsuod pantedm ‘AjIejIUIS S9RI0 120 woly sindut 10 [ei
-0 MBI 22 2413091 A3 yotym yFnosyy pue juswdigs odxs 0] spood nap
Fuuq 1snw swI yorym 0] (eulung) uoleirodsuen 1o jod 218urs B sey Ao oy, ']

'$O11STI010RIBYD SUIMO[O] O SABY 312 JBY) UIYIIA PIIRIO]
sy o1 pue Aia pezihls mQ “(SQFD) SIOUISP SSOUTSRG [BAUAD JO UOLESId Ay 10) 3[q
~1s10dsal uaaq aaey WS sty Jo spasu Suiddiys sy pue sanin AINUSI-YIUSaRuIE pur
~Yuaayss up wiasAs uoneuodsuen 2ty moy SuLopIsuoa A4 uopRIO] LU JO SisARUE 100
uigaq 81971 ‘sloxiom FuTpunouns oy 10 Sulsnat WOIJ PaAIIAP U prY] a1y SpasiXa sasn
Py {1IEIPISAUGY ISIYL WWOI] JUSI pue] 9 J1 AJU0 IS1X2 Ued 191HSIP SuiIn)dgnuew 10 [B1o
~JOIIOY [BIJURD © 1930 pUB| PIRENS2IUN ‘34nNediion ¥ U] 'Op SPOYesnoy ury) 20t
PUZ] [B1UAD SR[BA ISNUL SWITY “ISI¥S 0] IHUSD € 1ons 10} 18y 5150838ns ¢ 1a1deyy i uorssno
-SIp 9y 1, *A1D 3Yj JO 191U ) I8 pajedo] 2uoz Juawkorduws 2[3uls v 03 pIInuruod s19310M
[[e Yorysm Ul £)io v Ul SPOYasNOY JO SUOISIOAP UONEJIO] 91 PAISPISUC o4 ‘¢ Javderyy uf

LOIHLSIA SSINISNG TYHLINID YV HLIM SLaNUVIA ANV

i6 uonajag aNs W4 G Jadey)

"u01a1 213 JO 9pISHIO S1akng 0
sjuafa 01 sponpead sray) 1edxe Aprewnsd yey) Wiy Jo SUOISIDSP UOTIROO[ SU} UO FrISnOO)
‘$191Ua0 UBQIN pa1eald AJEUIFII0 JeU) $3010) AU) BuLdPISLOD 15K Aq UCHEZI[ENUS3Sp
qof Bututerdxa jo yse oy mBaq ap teyeatd Iej §1 UOHBZIENUANP JunuAodie Jo Juaxe
QY1 PUR ‘UOISCY UT UL $S9] YINW $1 AND [RIUSI 2I0D A JO 9]0 pue IZIS A (BkeNy
‘s31a8uy $07 *se[[eq] ‘"§9) sease umijodogsowt Iomau uj seare ugljodonaw ‘aInpewr
‘Iap]o 180w Wl sso1 Jo JexdA) annb sk uo1dar uolsog oyl Jo) wmoys suusyed oyl

‘sAemydu) Iofew Jo sUONIISIONN 23 18 PAIRI0] 25 aleys Juswlopws m
Jimci3 pasuaricdye Jey) sumo) oyl Jo Suew Jeyl £AI0U aq PINoUs 1 ‘06T U uansed g f 01
1961 u1juadiad /g woij Juam JuswAcidurd 5 gaIe SYI Jo 218Ys $1t 4106 Souis papdm uey)
asow 5qol Jo 1equInu S} YoM Ul ANUNUIUOD ¢ ‘uojBuilang Se yons SeUiuNtILod UBgIn
-qns ur A[uew paimnodo poired 91 1040 a1eys Juawofdma ur yimorn) ‘juaored 7] of 2o
-1ad | WO [19) 3IBYS I 213YM ‘S0UAIMET SB LONS SIoUL0 Justufoldin Iop[o Ul 5B [jam

“YIN ‘UD)SOq (S19aA PolO0]as) sumMaf pum s3I
SIRSIIVSSOY W $2804 pup Juaulojdiug ‘Bwuel ], pue wawAo)diig Jouawiedag] snasnyoussElN 224008

"0661-2961 "sumol
pue sai2 eaie-uolsog Jo} sqof [euoiBal |ejo1 Jo aseys ul aBueys ' UMD

{sju)0d abeuasiad uj)
18-
ool z-
52000} 0
roolszoo
ool 1o B
Lot so M

0661-£961 ‘sqor [puoiBay
[0}O1 jO @ipuS W afudyd)

Zuonsas - sieyely) Alisdoad Jo siSA|EUY 91WIOU00501NA 96



98 Microeconomic Analysis of Property Markets  Section 2

In Equation (5.3), land rent is defined as that rent that gives firms the same zero
level of profit regardless of location. Under the assumption that p, 3, A, and C, do not
vary with location within a metropolitan area, land rents will exactly compensate firms
for the increased transport costs that are associated with a farther distance to the trans-
pertation terminal. In this respect, the model is similar to that of Chapter 3, in which resi-
dential land rents exactly compensate households for the commuting costs associated
with more distant locations. In this model, the ransport costs at the city center (d = () are
0, and r (0) equals [Q(p — A) — Clf. Moving out from the center, land rents per acre
decline by exactly the increase in transport costs per acre to firms: —iQ/f. If rents decline
by more (less} than this, then firms could realize excess profits by moving out from (in
towards) the urban center. In equilibrium, incentives (o move must not exist; this equilib-
rium is analogous to the notion of spatial equilibrium that we defined for residential use
in Chapter 3.

Returning to the main question of this section, we can see how a central business
district comes into existence: the slope of the firm rent gradient must be steeper than the
rent gradiens of households. Recalling the results of Chapter 3, this means that as we
move out from the transportation terminal, the shipping costs of firms (per acre of com-
marcial use) must increase by more than the worker’s commuting costs to the firm (per
acre of residential wse). This is likely to be the case if goods or materials are more expen-
sive to move around than people (people frequently walked in ninetzenth-century cities)
and if cornmercial uses are more dense than residential. Under these conditions, firms
censtitute the dominant land use from the cemer to some intermediate boundary, m, and
from m to the urban border, b, housing makes up the dominant use. At the intermediate
beundary, the land rent from firms will equal residential land rent (labeled r(m), as in
Chapter 3). This pattern of rents is shown in Figure 5.5. .

At the urban border, residential land rent must equal that from agriculture
[r(B) = r*]. Moving inward, land rent rises as commuting costs (per acre of residential
development) fall until reaching r(m) at the toundary between residential and busiuness
use (/). With the condition of equal rent at the boundary between business and residen-
tial land use, business fand rent has two components: the cpportunity rent from residential
uses (who would occupy the land if firms did not) and the location rent or savings in
transport costs associated with moving in from this boundary, sQ(m - d)If. As a result, the
laxd rent gradient for firms is:

r.(d)=r(m)+ 5Q@(m - d) (5.4)
f

As with the discussion of residential land use in Chapter 3, we can relax the
assumption that all firms have identical production processes and use identical amounts
of land for their facilities. With dfferent production processes and land requirements,
there will be a systematic location pattern by type of firm. Suppose we identify types of
industrial or commercial uses with the subsctipt i, and allow all firms within a type to
heve a specific output level (0, land usage f, and shipping or transport cost per mile to
the terminal 5. Firms that produce a great deal of output per acre—output which is also
difficule or expensive to move around—will have a high ratio of 5,04f. Firris whose

Chapter5  Firm Site Selection : 29

Land
Rent
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||||||||||||||||||||| SRR
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o

distance ()

FIGURE 5.5 Spatial separation and land rents: firms and residences.

goods are easy to ship and who produce little output per acre will have a low 5,Q/f, ratio.
Since the slope of a firm’s zero-profit rent gradient is directly equal to this ratio, in a
locational equilibrium within the central business district, firms will naturally tend to sep-
arate themselves spatially according to their ratio value.

Within the CBD, those types of firms that produce high output per acre and whose
products are expensive to ship will have a steeper rent gradient. In a competitive land
market, they will offer the highest rent for the most central sites, Firms with lower ottput
per acre andfor firms whose goods are easier to ship will have a rent zradient that is
somewhat flatter. They will tend to occapy sites farther from the transportation terminal
and nearer to residential uses. The land market will allocate different commercial or
industrial uses to sites within the CBD just as it allccated different types of households in
Chapter 3. Land is always allocated to that use offering the highest rent aad, in this case,
central rents will be highest for those uses with the most output per acre.

The separation of different industrial or commercial uses within the CBD also leads
to the emergence of a business density gradient, Since the level of output or production
per acre is closely (and inversely) related to firm land consumption, f, those firms locat-
ing mast cenirally will tend to be those whose facilities are most dense. This pattern holds
today :n many cities in which the tallest office buildings tend to be developed on the
choicest sites, adjacent to subways or other transportation E.B_sm_m At the mammw of the
business district, censity is much lower.
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102 Microeconomic Analysis of Property Markets  Section 2

Explanations for why manufacturing and wholesale jobs decentralized focus on two
technological developments of the twentieth century. The first is the evolution of the
transportation system, With the advent of railway lines, the central transportation termi-
nal typical of the nineteenth century (e.g., a port) gradually gave way to a much more dis-
persed pattern of freight terminals. This pattern, in turn, evelved into an even more
dispersed pattern of highways as manufacturess relied increasingly on truck transpor-
tation. The widespread adoption of rail and truck transportation meant that firms no
longer needed to move their products to or receive their rraterials through the center of
the city. The very rationale for a centrally oriented rent gradient by manufacturers virtu-
ally disappeared during the twentieth century. _

In addition to changes in transportation technology, the methods of industrial
production and storage technology were also evolving during this same period. Changes
in both production and storage methods greatly increased the amount of land used per unit
of cutput by industrial fims. During the later stages of the industrial revolution, manu-
facturers increasingly adopted production processes that were based on integrated hori-
zonial assembly lines. It is argued that horizontzl assembly increased the amount of land
needed per unit of output. Modern inventory technology also has a high land requirement,
because it requires manufacturers to store goods in large, single story herizontal structures.

Land
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cBY Industries
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1 1
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FIGURE 5.8 S5patial separation: land rents for commercial, residential, and
industriaf uses,
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As a result of these changes, the zero-profit rent gradient of industrial firms became
quite flat with respect to distance from the traditional urban center. Industrial firms thus
were willing to pay less per unit of land for central locations than were most other uses.
In the competitive land market, it became most profitable for them to choose more distant
locations. Today, new industrial structures are almost always constructed at the very edge
of citizs in which land competition from other uses is minimal. This patern of location
and the land rents that result are shown in Figure 5.8. Commercial and office uses occupy
a CBD (up to a distance m, ), followed by residences from distance m, to m,. Beyorid resi-
dences, land is used by low-density industries and warchouses.

The extensive land required for industrial uses has led some to argee that industrial
land rent gradiencs are, in fact, virtually flat. As a result, industrial location may be deter-
mined more by where other land uses decide no: to locate rather than by the explicit
attractiveness of certain locations for industrial firms. For example, sites located right on
major highways or near airports may be undesirable for many other uses because of noise
or other aesthetic considerarions. With little comgpetition for these sites, industrial firms
can find large tracts of cheap land,

WAGES, THE LABOR MARKET, AND OFFICE DECENTRALIZATION

While industrial land uses in the U.S, have beer decentralizing from center cities for
many decades, financial and service firms that use office space have remained much
more centralized, at least until recently, Clearly, many American cities stilt contain large
central business districts with numerous high-rise office buildings. However, since 1980,
there has been an explosion of office construction outside of CBDs. Within the Boston
metropolitan area, we can see this change in Figures 5.9 and 5.10.

. In Figure 5.9, the 1990 share of regional jobs in the FIRE (financial, insurance, and
real estate} and service SIC categories is still quite concentrated within the center city of
Boston. In fact, Boston contains 35 percent of these jobs while having only 18 percent
of the region’s population. However, the map also shows that by 1990, several subur-
ban communities adjacent to the inner circumferential highway (Route 128) had high
concentrations of office employment (Newton 4 percent, Waltham 5 percent, Quincy
4 percent). If we look at Figure 5.10, ir which the changes in regionat service jobs shares
between 1967 and 1990 are displayed, the decentralization of services becomes clearer.
Boston's share dropped 12 percentage points (from 47 percent to 35 percent), while
shares of numerous suburban communities rose. There was still absolute growth in office
jobs within the CBD over this period, but it was far less than the growta of such jobs in
the suburbs.

Within the framework that we have used to study the decentralization of manufac-
turing jobs, the movement to the suburbs of office jobs may seem somewhat puzzling.
Don’i offices tend to have high FAR (floor/area ratio) levels, which means that they should
outbid other uses for desirable locatiors? While this is true, the key to understanding the
decentralization of offices lies in defining what types of locations such firms find
desirable. In fact, since office firms do not ship products or receive inputs, there was little
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FIGURE 5.11 Decentralizing firms.

workers who live nearest its new [ocation (to the right of d, and to the Yeft of d,). Since
these workers are willing to pay more in rent as their commuting costs decrease {towards
d, or d,), workers employed at the decentralizing firm will bid up nearby residential land
rents. Hence, we get the bump in the rent gradiznt between 4, and d,. At these locations,
workers at the decentralized firm will outbid CBD workers for land. In order to actually
occupy the land between d, and d,, the land rent paid by the decentralizing firm must
match the residential land rents paid by its workers, Let’s first focus on the impact of firm
decentralization on wages and commuting costs; we will examine the impact on firm land
rents later in the chapter. .
If workers at the decentralized firm are paid the same wages as CBD workers, then
clearly they will have higher net wages since, on average, they have considerably shorter
commutes. For example, at the distznce d,, workers commuting leftward to the CBD or
_rightward to the decentralized firm will both pay the same for land [r(d,)]. Those working
at the decentralized firm would have the shorer commuie E~ - m.mv, versus the longer
CBD commute (d; ~ d,). Since workers are identical and fiee to change jobs, a decentral-
izing firm will be able to pay less in wages. How much less? Just enough to leave work-
ers indifferent between commuting to the decentralized firm and w0 the CBD. As in
Chapter 3, we can assume that workers value their net inccme (gross income minus com-
muting expenses and rent for a standard house). Thus, the suburbanizing firm need pay
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only a wage w, that yields the same net income to its workers as the wage w at the CBD.
If the cost (per mile) of commuting is &, this requires that for workers living at d_;:

w,—rd) —kid,-dy=w, —rd) - kid;~d ), or,w, =w, - kid,—d )+ k(d, - d.) (5.5)

Equation (£.5) is the spatial equilibrium condition for workers which permits us to
identify some important implications. First, if the firm chooses to locate farther from the
CBD, d, and d, ircrease, wile the distance 4, — d remains fixed. This emables the firm to
pay increasingly lower wages. Thus, there should be a wage gradient as one moves from
interior to peripheral sites within a metropolitar area. Second, a firm contemplating
decentralization with no costs other than wages should seek a location near the current
edge of the city, where half of its workers can be accommodated on Ea between 4, and
the city’s border, d,. This is where its wages will be lowest.

While mmm»:o: {5.5) defines a spatial equilibrium with respect to workers, it does
not address the question of whether firms are in a spatial equilibrium. Given our assump-~
tions so far, the suburban firm with its lower wages has a clear cost advantage over firms in
the CBD. Why won’t all firms benefit from decentralizing and, in turn, move? Wages will
be lowest when the commuting distances of workers are shortest and land rents are lowest.
This argument leads to an ideal picture of the overall dispersal of firms, in which each
firm i surrounded by its own workers. The metropolis becomes completely decentral-
ized, with a sprawl of individual firm-worker subcenters, such as depictec in Figure 5.12.

Land
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FIGURE 5.2 Subcenter sprawl,
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110 Microeconomic Analysis of Property Markets  Section 2

If we assume for the moment that some form of agglomeration economy does
exists within subcenters, we can deveiop a simple explanation of how the number of sub-
centzrs and their size is determined. In Figure 5.13, we illusirate how the cost of business
for firms might vary with the size of the subcenter. The increasing schedule shows the
rise in wages that must be paid at larger subcenters to compensate workers for inereased
commuting costs. This schedule must intersect the vertical axis, since a positive wage is
required even at a single firm subcentzr. Its rise should be finear if the density of residen-
tial developmeat is fixed. The declining schedule shows a hypothetical agglomeration
cost of production based on the informational or other benefits discussed above. It, too,
must intersect the vertical axis (at A ). but, from there, must eventually run paralie to the
horizontal axis. This gives it a distinct nonlinear shape. The sum of th2 two schedules is
the otal cost of production. It will initially fall, reach a minimum, and then ris¢ as the
beneflicial effecs of better information wear off while increased commuting continues to
drivz up wages. o .

In Figure 5.13, it is interesting to estimate the impact-of improvements in tele-
communications on the shape of the schedules. The agglomeration cost schedule should
not only be lower (shifting the intercept from A, to A}), but also flatter, as direct-contact
costs are replaced by a medium that is almost insensitive tc physical proximity. The end
result is that with improved telecommunications, total production costs become lower,
less U-shaped, and with a minimum point that is closer to the origin. The dashed sched-
ules in Figure 5.13 show the impact of this technological change.

Production
Costs

Total (w+ A)

Wages(w)

P

Agglomeration
Costs (A)
|.,.,,.,||l||.,."

s' s Suhcenter Size

FIGURE 5.13 Subcenter size and firm costs.
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Given firm production costs such as those in Figure 5.13, Helsley and Sullivan
{1991) developed a simple model of how and why subcenters are formed. It begins with
the assumption that as a region grows, new firms enter the region, select a location with
the cheapest cost of production, and invest in a plant or facility. The plant or facility
becomes a sunk cost which is assumed to make it prohibitive for the firm to move, even if
its production costs (wages and agglomeration) would be lower at another site. Initially,
there is one small center with low wages but high agglomeration costs (4)). As the region
grows, this center expands and total production costs move down at first. After the center
reaches a certain size, total costs begin to rise, bat a new center cannot yet form since
total costs there (w + A) would still be higher. Eventually, as the center reaches some
maximum level (§, ), its total costs of production rise to the same level as an isolated firm
would experience (w + A ). As the region grows, a second center is formed, and new
firms are attracted to this center, where production costs are now falling, as opposed to
the original center, where they remain at the higher level dictated by the size S * As this
second subcenter grows and reaches the size § , a third new subcenter forms, and ¢ on.
The end result is that after many years, there are a number of older centers, each of size
S, together with one new center of some size lessthan S, .

Within this framework, a technological improvement that reduces information costs
(e.g., telecommunications) does have a decentralizing impact. The dashed schedules lead
to lower agglomeration costs for the isolated firm oﬁv, but little cost change for firms at
larger centers. For a city with the same number of fotal firms, the changing technology
eventually dictates a larger number of smaller-sized subcenters {with size 5’ ). As cities
grow over time, a shift to the dashed schedule will also lead to the earlier formation of a
second or third subcenter. As agglomeration or information costs become less important,
cost-minimizing firms are bztter able to take advantage of the potential wage savings that
come with more decentralized locations.

This discussion of urban agglomeration has omiited an important issue which will
be raised in Chapter 14. If the location of a firm in a cluster contributes some distinct
information benefit to the other firms located therz, is the private market sending a suffi-
cient signal to firms (through lower production costs} about the full benefit of clustering?
A firm will certainly capitalize on the benefit of clustering, but will it consider the impact
that it has on others? How can we take account o: the benefits to other Jirms in a cluster
as an additional firm enters? We discuss these external benefits, or extemalities, in detail
in Chapter 14, . . .

SUBCENTERS, WAGES, AND THE URBAN LAND MARKET

Our theory of employment decentralization by firms has been depicied as a tradeoft
between lower wages (caused by reduced worker commuting) and higher agglomeration
or information costs {caused by the absence of many nearby firms). So far, we have not

*Firms at the older center do not move ta the lower-cost, newer center because that would involve
invesling in a new plant. o
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in each center also determines the various residen:ial boundaries, given the fixed residen-
tial density. Remember that each household has only one worker in this model. In the
interior betweer. the centers, the boundary a_u occurs where residential rents from each
center are equal. The left extreme boundary, 4,, is determined such that enough land is
developed for center | (CBD) workers: (d, — d, + d; — d))lg = N,. Similarly, the right
extreme boundary, d,, is determined by (d, — d, + d, — d)lqg = N — N,. Thus, a center that
has greater employmcat (i.e., the CBD) will have a larger lard area to accommodate both
its firms and households. These larger areas give rise to grealer commuting distances and
higher overall land rents, which necessitates paying higher wages,

Firms, like workers, are assumed to be all of the same type, exporting their prod-
ucts to world markets. Thus, as discussed earlier in this chapter, firms are price lakers,
and their profits depend oniy on the casts of producing their products. Some firm produc-
tion costs will vary with location: wages, land rents, and any costs associated with center
size or agglomeration. Other costs of business are exogenous, and do ot vary apprecia--
bly across locations within the metropolis; for example, intermediate inputs and thz capi-
tal costs of plan: and equipment. We also assume that the cost of transporting products to
world markets is exogenous, unlike in the monocentric model presented earlier in this
chapter. In choosing a location, firms seek to minimize those costs that vary with loca-
tion. Thus, any exogenous costs can be ignored in our model.

Let’s now turn our attention to those costs that influence firm lozation. We aomnm
production costs due to agglomeration as A(N) and we assume that these declire with
center size, as was shown in Figure 3.13. Thus, firms operating at ths CBD (ceater 1)
have wage and agglomeration costs equal to w, +A(N,} dollars per worker, while tiose at
the subcenter (center 2) have costs of w, + A(N,) dollars per worker,

With a competitive land marke:, commercial land within each center will have a
rent equal to residential land rent at the edge of the subcenter. If we assume that thére is
effectively no cost of commuting within each subcenter, business land rents will be the
same within the subcenter, and firms will have a uniform rental cost per worker equal to
1/f times this residential (and commercial) land rent.®

Just like households, firms in equilibrivm must be equally well off, and this
requires that the total costs of produztion be th: same across centers. Aggregating the
three components of business costs per worker (rents, wages, and agglomeration), we
have the firm equilibrium condition:

AN) +w +r f=AN) +w,+r,f or,
AN)-AN)=w, —w + f(r,—-r)

Equation (5.7) can be used to identify the range of feasible sizes for each subcenter.
We know that wage differznces will simply equal the diffetence in commuting expenses
to each subcenter’s edge. We also know that firm rent differences will equal residential

5.

*Business land rents at each center are r and r,. Under the assumption of a competitive land market,
we have:

rosHdi=rd) =r*+ id, - d g
y=dy=rd)y=r*+kd,~d)gq
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rent differences, which, in turn, also equal this same commuting expense difference to
the two subcenter edges. As a result, when firms arz in equilibrium, the ditference in pro-
duction costs from agglomeration between the two centers must exactly balance with the
differences in firm rents and wages:

A(N) - AN} = ki(d, - d) - (d ~ d Y] +{igkl(d, ~ d.) ~ (dy - d,)]
wage difference firm rent difference (5.8)
center 2 - center | * center 2 — center |
It should be clear from Equation (5.8) that long-run differences in center size
(employment and households) can exist only if production costs vary because of agglom-
eration in a manner that exactly offsets the increases in wages and rents that result from
differences in center size. This is equivalent to saying that in Figure 5.13, the sum of
agglomeration and wage-rent costs is relatively flat over some range of subcenter sizes.
Let's consider more carefully how this balancing can accur.
if in Equation (5.8) we assume for the moment that there are no agglomeration
impacs on production costs [A(N,) = A(N,) = 0], then equilibrium requires that the cen-
ters must have equal commuting distances, land areas, and, hence, workers (houscholds):
d—d =d —d,. O: the other hand, sappose that agglomeration does effect production
costs m_.a 2_ > 2 so that A(N,) < A(N,). In this case, center 1’s land area and commating
distance (d, - QS must exceed that of center 2 {d, - d,).” Center [’s larger size will gener-
ate Jower agglomeration production costs, but the corresponding greater commuting costs
will fead to higher land rents and wages than at center 2. For the larger center to de in
long-nm equilibiium with the smailer, the production advantage from agglomeration to
firms must be exactly offset by the combination of higher land rents and worker wages.
We can summarize this result:

1. Larger subcenters can coexist with smaller subcenters within a metropolitan area
if they offer firms some production advantage through agglomeration. In equi-
librium, the agglomeration advantage of greater size must be balanced by the
larger subcenter’s farther commuting distances, which increase land rents and
necessitate paying higher wages to keep workers.

z.cimznm_.mxm_:u_m

Let’s illustrate this conclusion with a specific example. A reasonable worker density for
office firms would be 1/f = 500 workers per acre (320,000 workers per square mile)® Our
metropolitan area will begin with two even-sized subcenters of N = N, = 1 million
workers cach and we assume that all development takes ydace on a mEm of tand taat is

*Given the conditions in footnote 5 and Equation (5.6}, it should be clear that the wage differences and
rent differences betwzen centers must be of the same sign to ensure that workers are paid. Thus, if the lefi-hand
side of (5.8) is negative, both expressions on the right-hand side must be also.

¥This worker density would exist with FAR levels of be:ween 2 and 3, together with roughly 250 square
feet of floor area per worker. These are very typical figures for suburbar office space.
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118 Microeconomic Analysis of Property Markets  Section 2

differences presumably exist because of differences in the commuting expenses associ-
ated with working downtown as opposed to working at various suburban locations. This
is quite consistent with our model above, as lorg as agglomeration productivity factors
compensate firms for the higher wages at CBDs. The model’s conclusion that differ-
ences in the rext for facility space should be minimal across subcenters is more problem-
atic. L.et’s examine some data on urban subceaters to see how they vary in size and
rental rates.

SUBCENTERS AND RENTS IN GREATER BOSTON

At the beginning of this chapter, we focused on the changing employment patterns of the
Boston metropolitan area, illustrating how manufacturing jobs and office and service jobs
have been rapidly decentralizing. We now consider information from commercial real
estale brokerage companies about the Iocation of industrial or office buildings and the
rents that they currently command in the marketplace. These kinds of data are widely
available within many U.S. cities, In Fable 5.1, we list those towns or subcenters within
the Boston area that, in 1993, contained contiguous office buildings with a total of at least
1.5 million square feet (1.5 percent of the region’s total cffice space). There awe three
such clusters within the city of Boston and 11 subcenters in the suburban towns that
ring the center city, Included in the table are average market rent levels per squéere foot
for that office space within each center that is in buildings over 50,000 square feet in size
that were built during the last 15 years.

TABLE 5.1 Office Area, Buildings, and Asking Rents, Boston-Area Towns, 1993

Square No. of

Town {Cluster) Feet (000s) Buildings Rent
Boston {Back Bay) . 10,675 66 25.19

{Financial District) 26,754 : 141 26.73

{South Station) 3,053 21 23.50
Andover 1,438 . 10 16.25
Burlington 3,498 - 43 18.90
Cambridge - - 11,103 16 18.64
Framingham 3,196 39 14.06 -
Lexington 2,320 38 19.41
Natick . 1,518 19 15.50
Newton . 1,973 38 18.32
Quincy 4,797 44 15.90
Waltham 5.843 60 19.60
Wellzsley 1,774 36 19.45
Wesborough 1,664 15 12.50
Residual 26,793 548 15.21
MSA 106,399 1,234 20.74

Sowrce: Special tabulation from The Property Information Management Systerm, CB Commercial, Inc., August
1993
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In the Boston office market, the three center-city clusters account for 35 um_.nna of
the region’s office space, while the 11 suburban subcenters combined house another
40 percent of the market. The remaining 136 cities and towns contain only 25 percent of
the office space, which clearly illustrates the tendency for office buildings to cluster.
Across the 14 towns and clusters, average rental rates vary by almost 114 percent, from
$26.73 in Boston's financial district to $12.50 par square foot at a distant subcenter.
While the larger central-city areas clearly have higher rents than the suburban subcenters,
within the suburbs, there remain large differences in rents that seem unrelated to the size
of the center, For example, Wellesley has higher rent than Cambridge, despite the fact
that Cambridge has over six times more space; thare is a $3.70 rent difference between
Waltham and Quincy, which have similar stocks of space.

In Table 5.2, we examine similar information for clusters or subcenters of indus-
trial space within the Boston metropolitan area, using the same minimum-size criteria of
1.5 percent of the market. .Quo_. industrial space, this minimum would be 4.2 million
square feet. The average rent levels are for warekouse space within each cluster that is
less than 15 years old.) Comparing the data provided in Tables 5.1 and 5.2 yields two

TABLE 5.2 Indusirial Area, Buildings, and Asking Rents, Bostan-Area Towns, 1993

Square No. of

Town Feet (000s) Buildings Rent
Boston 8.969% © 116 NA

South Boston 5,170 92 5.00
Andover 5,192 49 5.56
Bedford 4,126 61 6.65
Billerica 8,430 16i 4,26
Braintree 4,510 79 . 4.50
Burlington 4,353 106 712
Cambridge 7,351 128 NA

Canton 5,026 91 3.83
Chelmsford 4,565 58 1.87
Framingham 4,520 72 4.64
Lawretce 6,548 39 6.96
Lowell £1,350 H1 2.54
Lynn 6,795 54 NA

Mansfisld 5432 $3 5.53
Marlborough 5,567 86 573
Peabody 4,074 48 6.91

Quincy 4,197 18 NA

Waltham ’ 5,877 149 5.50
Westhorough 5,671 75 4.04
Wilmington 8,013 128 4.83
Wobum 12,233 249 5.51

Residual 139,658 2,490 394
MSA 271,633 4,513 4.40

NA, No available rertal quotations.

Source: Special tabuation from The Property Information Maragement System, CB Commercial, Inc., August
1993,
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122 Microeconomic Analysis of Property Markets  Section 2

circumferential highway networks? Will local governments cooperate with business to
provide the diverse housing needed tc accommodate the business workforce locally? To
what extent have some industries sought to flee the tax burdens of inner cities? In Chap-
ters 13 and 14, we will further examine the role played by the public sector in develop-
ment and track the evolution of public sector development policies.

SUMMARY

In this chapter, we have examined the location decision of firms within metropolitan
areas, in particular those firms that export their products or services. These jobs have
undergone extensive decentralization in most metropolitan areas since the early 1900s.
As a consequerce, the spatial structure of metropolitan areas is changing from one of
monacentricity (single employment center) to polycentricity (many employment ceaters).’

+ Industrial firms have largely moved to suburban location because modern produc-
tion and storage technologies make them extensive users of land. In part due to
the spatially diffusz character of truck and rail transportation, industries decen-
tralize because thev are less willing to compete with denser (higher rent paying)
land vses.

More recently, many office-using firms are decentzalizing to be closer to their
workforce and, consequently, can pay lower wages, While land rent compensates
workers for the commuting costs to a common employment center, variation in
wages must exist to compensate workers for any differences in the average com-
muting costs that exist when there are multiple employment centers.

Several factors can limit this trend toward decentralization. Local governments
can hinder the ability of firms to match lecations with their workforce by regulat-
ing the type of housing that is built. Also, firms may derive economic advantages
from locating i larger, more central clusters, which facilitate communication and
information sharing. With new telecommunications technology,. this agglomera-

tion effect may be diminishing, helping to encourage decentralization.
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320 The Impact of Local Governments on Real Estate Markets  Section 4

The relationship between local governments and real estate markets is one of
mutusl interdependence. Sirce each local government may provide a very different pack-
age of services and taxes, household and firm location decisions are strongly influenced
by local government behavior and the spatial distribution of local jurisdictions within a
metropolitan area. Households, for example, will often commute extraordinary distances
to live in a community with an acclaimed school system. Likewise, real estate values can
be profoundly -affected by a neighborhood’s leve: of crime or its tax rate. In shoit, the
system of local governments that exists within a metropolitan area exerts a major impact
on the location ¢f firms and households as well as the resulting pattern of prices fer real
cstatc assets,

The impact of local governments on property rents or real estate prices can be so
strong that it dominates many other factors. Consider, for example, the simple land-price
gradient in Chapter 3 that emerged as a result of commuting, This is shown as the dashed
line in Figure 13,1. In many metropolitan areas, however, the actual pattern of land orices
may resemble that of the solid line. As a result of deteriorating services, crime, and high
taxes, many inner cities have depressed land prices. Frequently, there are established
affluent communities adjacent to central cities, incorporated many years ago to provide
their own services and escape the financial burdens of the city. Within literally a few
blocks, land prizes can change dramatically. Moeving further out, there are numerous
other suburbs for which land prices alse vary in response to zoning regulations, taxes, and
the quality of services. The net result is that better services are frequently found in com-
munities located at greater distances from the city center, and this can override the effect

Land
Prices

New
Inner Old Suburb &
City Suburb Tl .
New T
Suburb 1 e /
e
City . ’ Distance

Center

FIGURE 13.1 Land-price gradient with local jurisdictions.
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of commuting, leading to a price or rent gradient that resembles the solid line rather than
the dashed line in Figure 13.1. . . .

While the services that local governments provide influence the resl estate market,
the oppasite is also true: the real estate market can determine the character of communi-
ties and their financial ability to provide services. The link operates both ways. The ¢com-
position of a town can changz over time, altering the real estate tax base that is needed to
raise the town’s revenue. Often, different towns can wind up competing with each other
over land use developments that provide (or are perceived to provide) more tax revenue
than they use in services. Through zoning or other mechanisms, towns can try to block
real estate developments that will use more services than they yield in new tax receipts.

In this chapter, we explore the different links that exist between the real estate
marke! and the system of local governments that provides many of our services, We
begin by documenting how local governments operate in the U.S. and describe the
patterns of service responsibility and taxation between the federal, state, and local level.
This is followed by a careful examination of different town budgets within a metropolitan
area to explore the role that rzal estate markets play as a town’s resource base. In the next
section, we look at how property taxation creates a number of financial incentives for
towns to regulate development and to exclude certain uses. The final sections of the chap-
ter tackle the question of how firms and households select a town in which to reside or set
up business. This leads to a theory of fiscal capitalization in which the value of services
received and taxes paid across different local goveraments may be reflected exactly in the
real estate values of those communities.

GOVERNMENTS AND PUBLIC SERVICES

In the United States, three lzvels of government provide public services: federal, state,
and local. The Statistical Abstract of the United States recorded the following numbers
for the five types of legal local jurisdictions in 1992: 3,043 counties, 19,296 municipali-
ties, 15,606 towrships or towns, 14,556 school districts, and 33,131 special districts.
County governments cover almost all the land in the U.S., while municipalities, town-
ships, and school and special districts cover only a small fraction of the nation's land
area. Furthermore, counties, towns, and districts are rarely mutually exclusive, Thus, in
the urban portions of California, for example, it is quite common for a household to pay a
share of property taxes to a county (for roads and social services), to a town (for police,
fire, and sanitation services), to a special district (for water and power), and to a school
distric:. In Massachusetts, on the other kand, districts rarely exist and couaties have virtu-
ally no responsibilities. Almost all local public services are provided by a system of
municipalities or towns that covers the state completely, The most common arrangement
in other states is for rural residents to be served by county governments only, whereas
urban residents are most corrmonly served by some mix of towns and districts.

In Table 13.1, we group the expenditures made by all local governments and
districts into a single categery and compare those figures to expenditures made by the
federal and state governmerts for FY 1990-1991. The first column, “Federal, Ditect,”
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TABLE 12.2 Government Recaipts,” 1990-1991

All

Revenue Source Federal State Local Governments
Personal income and wagest 856,170 201,031 26,229 1,083,430
Corporate income 98,086 20,357 1,886 120,329
Excise? 58,405 160,009 86,299 304,803
Property . 0 6,228 161,772 168,000
Fees* 167,123 97,627 125,126 380876
Other taxes 17,574 31,163 9,039 57,176
Recetpts from

intergoverminental ransactions 3234 143,534 201,833 348601
Total revenue 1,200,082 559,249 612,184 2,124214™
Employment (000s} 3,001% 4,115 10,076 17281

“In millions of 1991 dollars.

*Includes individual income, and insurance trust rvenue.

#Includes sales, gross receipts and customs, and wility and biquer store reveauz,
Hincludes charges and iniscellaneous general revenue.

“Excludes receipts from intergovernmental transictions,

¥iCivilian. Includes employees outs:de the United States.

Source: Revenues, 1$90-1991 U.S. Census of Governments, U, Bureau of the Census, Weshington, D.C,, vol.
4, no. 5 employment. Siatistical Abstract of the United States, Washington, D.C., 1991.

user fees and another third from federal and state prants. Only 47 percent of local govern-
ment income is accounted for by all forms of taxation, This breaks down to 5 percent
from personal or corporate income taxes, 14 percent from excise taxes, and 26 percent
from taxes on property (the remainder comes from miscellaneous other taxes). State gov-
ernments lie between these two extremes, with the most diversified revenue sources:
34 percent from income taxes, 24 percent from excise taxes, 15 percent from fees, and
22 percent from intergovernmental transfers.

Several conclusions emerge from Tables 13.1 and 13.2 about the structure of gov-
ernmeént in the U.S. Local governments collect the least revenue from their constiluents
but use that money to provide services directly. Thus, local governments employ more
than 10 million workers, far more than either state or federal governments. The main
civilizn role of tae federal and state governments is to provide a system of health, wel-
fare, and social insurance with transfer payments to individuals and to contract with the
private sector for infrastruciure. Grants from state and federal governments provide one-
third of the funding for direct services provided by local governments. The largest local
FEVENLE Source i3 a tax on property or real estate assets.

Economists have developed a number of theories about the advantages and conse-
guences of assigning publi¢ services to different levels of gevernment. [n this literature,
for example, it is argued that income redistributior and social transfer payments belong at
the federal level If local governments were responsible for welfare programs, nol only
would there be uneven benefits across local jurisdictions, but governments that provided
higher-than-average benefits would attract eligible recipients. The possibility of attracting
program recipients from other jurisdiclions could lead local governments to provide less
of such a public service than the country as a whole might find desirable. In addition,
if local governments were responsible for funding social ‘ransfer programs, wealthy
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citizens might move from jurisdictions with poor ciizens to avoid paying the higher local
taxes needed to provide such programs. Federal funding of transfer programs makes it
difficult for wealthy citizens to avoid paying for these services (Ladd and Doolittle 1982).

In the case of services such as air quality and interstate highways, there is a differ-
ent argument for federal provision that involves the benefits that the national population
receives from locally produced services. Without assistance, local goveriments might
ignore these external benefits, and again would underprovide services reletive to what the.
nation as a whole would deera appropriate. .

The primary economic argument favoring local service provision is that it iatro-
duces variety and competition into government, and this allows the quality and breadth of
services to be custom-tailored to the demands of local constituents. Matching the provi-
sion of services to differences in the preferences of local residents can enhance effi-
ciency. For example, national systems of primary and secondary schooling (such as exist
in Japan or France) typically have a more uniform educational program throughout the
country. By contrast, it is argued that a system of locally run schools can better tailor
curricula to the needs and demands of local residents. This efficiency argument assumes
that there are widespread differences within a nation in the kinds and degree of services
that local residents need or desire. Since the level of education, law enforcement, fire
protection, and sanitation se-vices often vary widely across localities, perhaps thers are”
substantial differences in the service demands of local residents.

LOCAL GOVERNMENTS AND PROPERTY TAXES

IN METROPOLITAN AREAS

Within metropoliran areas, significant differences in the patterns of both expenditure and
revenue exist between central cities and the numerous smaller suburban communities that
normally surround them. These differences are paticularly important because they may
influence the location of resources across towns within a metropolitan area. That is, the
movement of firms and howseholds between communities can put strong competitive
pressures on local governments. To illustrate these differences, we examine local expen-
diture in 1990 for a sample of towns in the Bostor metropolitan area, where municipali-
ties are virtually the sole form of local government. With a single system of local
governments we avoid the problem of trying to add up budgets over different layers of
local governments whose boundaries often overlap.? In Table 13.3, the city of Boston is
compared with an affluent suburb (Concord), two middle-class growing suburbs
(Burlington and Neediiam), and an older working-class suburb (Quincy). ‘These commu-
nities are reasonably representative of the different types of towns found withia the
broader metropolitan area.

*While Bostor’s single system of local governments makes it ideal to examine local variation of public
services, the state gavernment has imposed a uniform maximum limit on the property tax rate of local jurisdic-
tions. Although not always binding, this prevision can limit some of the variation that might oceur across towns
in revenue collection and spending. : .
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328 The Impact of Local Governments on Real Estate Markets  Section 4

aid. Thus, public spending with only local resources is more strongly related to income
than is total spending. Would the city of Boston spend as much as it currently does if
those grants were withdrawn? In many situations, towns have the flexibility to use grants
in one of two ways. They can either augment services (spending) and leave their own tax
effort fixed, or they can reduce local tazes and leave service levels the same.’

The next row, labeled “Local Receipts,” gives the amount of revenue per household
that each town receives from fees (e.g., water and sewer), permits, excise taxes, and other
sources. While some of this revenue comes from town households, firms and businesses
make significant payments as well. This explains why this entry is so large for the city of
Boston and alse suggests that firms can represent an important potential source of
revenie for a community.

If we take total expenditure per household and subtract stare aid and other receipts,
we are left with tax revenue. In Massachusetts, cities and towns can oaly tax property.
Thus, total property tax revenue in Boston is $2,071 per household, and in Concord .
$4,535. In Bostoa's case, however, only 30 percent of this amount is raised from property
taxes on households, whereas 64 percent (§1,325) is taised from property taxes on busi-
ness. In Concord, property :axes on businesses are only 16.5 percent of the levy. To the
extent that the owners of this business property do not live in the town in which their
business is located, taxes cn this property represent a potential source of revenue that
does not come from town o city residents. In fact, property tax payments from residential
property (houses and apartments) only account for $623 per household in Boston, a small
share of local revenue. In Concord, residential taxes per household are $3,706.

If we assume that the same share of the category “Local Recipts/HH” comes from
businesses as doss property tax revenue, then in Boston, households pay an aversge of
only $1,052 annually—for $5,184 worth of services! A full 80 percent of Boston’s
expenditures are financed from state aid and taxes or fees on businesses. In Concord,
households pay $4,060 for $5,584 worth of services, so oaly 27 percent comes from
sources other than town residents. In Quincy, 60 percent of expenditure is financed from
nonresidents, while in Needham the share is 33 percent. Thus, there is a strong negative
correlation between town income and the share of a town’s budget that is financed from
nonresidents. The exception is Burlington, a middle-income suburb that has undergone an
explosive growth of suburtan office and retail development over the last two decades.
Here, two-thirds of total expenditures are from sources other than town residents.

If we take the average estimated total paymants made by town households (next to
last row) and divide it by the town’s median household income (top row), we get some

*An economic argument can be made that the effect of grats on a town’s budget depends very mach on
the terrss of the grant. Marching grants reimburse a town for some fraction o its own expeaditure {on certain
budgetitems). Since the dollar vale of the grant depends on how much the town spends, this form of aid tends
to encourage higher spendiag, and ‘he grant mostly augments szevices. Block grants are given in a fixed zmount
per capita or per pupil. Since block grants are not tied to local expenditures, they do not encourage increased
local spending. Local governments may use block grants more as & substitute for local taxes.

Different state or federal programs use different grant formulas, but most grant programs are targeted
toward cities or towns with fewer resources, and/or many needy constituents. Thus, the cholce by Massachusetts
to give more aid to Boston than to Concord is clearty one of sorial policy.
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idea of the tax burden paid by residents, The residznts of Boston wind up with taxes and
fees that are about 3.4 percent of their :ncome, even though total expenditure per house-
hold is close to 17 percent of income. In Concord and Needham, residents contribute
5.5 percent and 4.7 percent df their incomes, respectively, but without the extra nonresi-
dential resources of Boston, this yields lower service percentages (7.6 and 7.1 percent of
income, respectively). Thos, when measured as a percentage of town income, public
expenditure is far less in wealthier towns. On the other hand, tax paymeats as a peicent-
age of income rise slightly with town income. Of course, all of this would look quite dif-
ferent if the pattern of stare aid or the distribution of nonresidential property were
different across towns.

The last row in Table 13.3 gives the average tax payment made per single-family
house, as opposed to a household, Comparing this number to average residential property
taxes per household provides an indication of the pattern of housing in each town. In
Bostoa, the average residential payment is almost half of the average single-family tax
bill, This confirms thar the city has many apartments and that their average unit value is
far less than the city’s typical single-family home. A similar story occurs in Quincy.
However, in the middle- and upper-income suburbs, where single-family housing
predominates, the two numbers are much closer, If the single-family tax bill is divided
by the residential tax rate, the result is an average assessed value for the town’s single-
family housing.* Average assessed housing values—$162,000 in Boston, $265,000 in
Needham, and $364,000 in Concord—tend to be roughly proportional to average town
household income.

The data in Table 13.3, together with numerous studies, suggest a series of conclu-
sions about the comparative fiscal behavior of cities and towns within metropolitan areas;

1. The demand for services is quite inelastic with respect to town income. In part,
this restlts because education, police, anc fire protection are viewed as necessi-
ties, rather than luxuries. It also results because expenditure on some services is
generated by need (crime, poverty), rather than by demand.

Since the demand for housing has an income elasticity near to one, residential
property value tends to be roughly proportional to town income. With no other
resources, this would potentially lead to much lower property tax rates in highe
income communities. .

L

“

Nonresidential property provides an important tax resource for many communi-
ties, tending to be concentrated in inner cities or in selected moderate income
suburban towns. This helps to offset the tax burden of providing services in
these communities and makes property tax rates more equal acrcss commurities.

“The town's statwtory residential tax rate, 1, mutiplied by the average assessed value of single-Family
property, AV, equals the average single-family tax bill, T, or T'= £ AV, The town effective rate 1 is the tax bill
divided by the true “market” vatue of homes, P, or:

T A
__HIHnl
m.

P

<
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House
Prices

{F)

———— Town Services Levels {G) A

FIGURE 13.2 House prices and town service levels.

each household indifferent should be the present value of the household’s valuation of
services minus tax payments:
RG-tP, .
P, =———+,j=L,M,H,or, onsolving for P;:

"

RG {13.2)
(i+1)

As long as households with a greater incoms have a greater willingness-to-pay for
public services (ie., R, > R, > R)), then the P, lines will be as depicted in Figure 13.2.6 At
the right-hand exireme, high-income houscholds will outbid those with moderate or lower
incorres for the right to occupy housing in towns with high levels of public services, This
conclusion holds even when such households consider that by bidding more, their taxes

~will also be (relatively) greater. Moving from right to left, middle-income households
will lkewise outbid lower-income households for units in middle-service towns, and so
on through any number of household-income categories, If towns with higher levals of
public services are those with greater incomes (which, all else being equal, they should
be}, then houschelds will self-sort by income and maintain a pattern of income stratifica-
tion. The importance of this simple argument cannot be overemphasized. In a competitive

i

¥If the annual willingness-to-pay for services is ordered by income, then the derivative of P, with respect
0 G, x i + 1), will also be ordered by income: P, rises with greater services, G, more :..w:m n_cmm and so on.
This ensures that the P, are as depicted in Figure | u 2 and that stratification by income Eaéﬂ_m
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housing market, income stratification zcross towns by public service levels would seem
to be a natural outcome of market locational forces.”

In the real world, the housing market that exists across towns is not uniform, as
assumed in this simple model, Larger homes, for example, which are often preferred by
high-income households, tend to be located in wealthier, high-service towns. This only
increases the tendency for wealthier households to segregate into their own communities,
outbidding lower-income households for units in these communities. If the housing in
each town has been built primarily for the existing residents, then those residents are
more likely be the highest bidders for such units. Self-sorting by income is only rein-
forced in this situation.

The picture changes cuite dramatically whea we consider the development of new
land: how do the offered prices made for land by different income groups vary across
towns with different service levels? This is crucial for determining how a town’s housing
pattem changes over time. A wealthy community will be able to maintain its character
only if wealthy residents are willing to pay more (per acre) than other moderate- or
lower-income heuseholds for the right to develop raw land in the town. We again return
to Chapters 4 and 5 to examine how household bids for unimproved land are determined.
We continue to assume that houses are identical except for lot size and denote C as the
capital cost of constructing this identical unit. If g represents the size of lot demanded by
households of each income level, then we can define an equation for (hat price of raw
land, p, that makes each type of household indifferent across towns with different service
levels, "Land prices again will be a residual value per acre from house prices minus con-
struction costs,

_P-C  RG :lﬁn e LM H 133
b = 7 G0 g s f - M, (13.3)

The pattern of raw land prices across towns, p;, need not resemble at all the pattern
shown in Figure 13.2, It will certainly be true that the lot sizes demanded by households
are ordered with income (g, < g,,< g,,), s will be their values for government services. In
this case, it is not clear that high-income households will be willing to offer more per acre
for rew land in their town than will househelds with less income. If low-income house-
holds are willing to live on much smaler lots than wealthier residents, then they may be

*The reader may notice tha: in this model of income stratification, the tax rate in each town is assumed
to be independent of the town’s level of expendiure and its property vatues. It ignores how tax rates will even-
tuatly depend on expenditures and house prices. This simuitaneous relationship is easily incorporated into the
model, with no change in the model’s conclusions, With no federal or state aid or nonresidential property, the
town's budget relationship between services (measured in dollars), house prices, and the tax rate is simply:

G
1==
_mu
Incorporating this into Equation (13.2}, we get the revised house price equations:
G{R, -1
ﬂuE;nra.:

i

As long as the annual willingness to pay for services, R, is ordered by income, then the house price
lines ebove will still resembie those in Figure 12.2. S
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‘While MLS zoning encourages higher value houses, it can also reduce the value
(per acre) of unimproved land. This effect can be seen by referring back to the model of
development density used in Chapter 4. In the top frame of Figure 13.3, the downward-
stoping willingnass-to-pay schedule (?) gives the market prize (per square foot of house
floor area) as a function of that house’s FAR (floor-to-land area ratio). It slopes down-
ward because, all else equal, households prefer a larger yard area or lower residential
density. The construstion cest schedule for the house, €, may rise slightly, as more dense
development tends to have higher costs (per square foot of floor area). The profit per
squaie foot of house floor area is simply the difference between the P and C schedules,
Beyond the FAR level labeled d, construction costs exceed house prices and development
is no longer profitable. In the lower frame, the hump-shaped p schedule represents the
profit per square foot of Jand area. Recalling Chapter 4, we derive this by multiplying the
FAR level (F) by the profit per square foot of house floor area in the upper frame: p = H
F[P - C). At th: FAR level of F*, development yields the maximum profit per square-
foot of land ares, p*. With no regulaticn, F* would be the FAR-or density level privately
chosen by developers, and p™ would be the competitive market price for land.

With MLS zoning, the FAR allowed for development is constrained to be F°. If the
zonirg limit is hinding, then F® < F". At F?, land profit (and, hencé, land price) is only
p°, which must e less than p” since p° is the meximum land price achievable. Moving
back to the upper frame, the greater required lot area yields a finished house price (per
square foot) that is higher; P?> P, -

What minimum lot size should a town choose in its zoning laws? [f the community
is interested only in the fiscal surplus of new h__aﬁ_ou:_m:r the larger the required lot
size, the greater will be the fiscal surplus (per developed housing unit). The problem with 8 amqm”m. ft.
requiring FAR values that are near to the origin in Figure 13.3 is that they diminish the
value of raw land. While the existing residents of the towr obtain a fiscal surplus, the
owners of unimproved land suffer losses in value. The legal tradition in the United States
is that regulations in the public interest are allowed within reason until tkey deny property
owners so much of their value as to be considered an effective seizing of property by the
governiment. In practice, courts have upheld the right of towns to enact minimum lot sizes
that are somewhat but not too much larger than the existing patterns of land use.! ;

The widespread use of minimum lot size zoning provides a compelling explanation
for how income stratification across towns is maintained over time. Each town is effec-
tively able to exclude residents whose Income is significantly lower than the town’s aver-
age from developing land. When forced to compete over a common-sized lot,
lower-income households simply cannot match the offers of higher-income residents. PP

When applied tc towns at each level of income or public services, town stratification by
incore results.

§per sq. ft.
Housing

prpr-—=p---—- Construction Cost. C

House Price; P

FAR: F

B e il il iy R

Land Price
p=FP-C)

""In some states like Massachusetts and New Jersey, stale governmen: has intervened to restrice the . o F*
local application of LS zoning, This is done o encovrage the development of more affordable, higher-density

housing, FIGURE 13.3 FAR maodel with zoning:

FAR: F
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340 The Impact of Local Governments on Real Estate Markets  Section 4
this bias, Table 13.4 examines some of those suburban towns within the Boston metro-
politan area that adjoin Route 128, the region’s major circumferential highway. Such
communities have roughly comparable transporfation access, which Chapters 5 and 6
showed was of importance for commércial and industrial firms. The table shows town
income and the number of employees in the town relative to the town’s resident popula-
tion. Also depicted is the percent of the appraised property tax base that comes from non-
residential uses, There is at least a partial inverse relationship between town income and
commercial-industrial activity. With the exception.of Burlington (a more affluent com-
munity with a high ratio of jobs to population), the suburbs with higher incomes tend to
have around 20 percent or less of their tax base in the nonresidential category (Concord,
Lexirgton, Needham, Reading). These towns also have job-houschold ratios that are
between (1.8 and 2.4. The three lower-income towns (Braintree, Peabody, Waltham) have
nonresidential tax base shares that range from 27 to 39 percent, and the job-population
ratios for Braintree and Waltham are between 2.5 and 3.0.

Table 13.4 shows that there can be systematic patterns in the way communities
respond to the choice of whether to allow or encourage nonresidential developmen:. It is
interesting that there is also a relationship across industries or types of development
between the magnitude of taxes paid and the general severity of envircnmental imipacts
created. With property as the tax base, the local taxes received from a development are
determined largely by the value of the capital improvements placed on the land. A petro-
chemical complex, steel factory, or elsctric power plant car involve billions of dolars
of capital investment. If appraised at such values, these facilities can generate tens of
millions of dollars annually in tax revenue. This is equivaent to the entire budget of

many smaller-sized suburbs. At the same time, such uses often expose a commurity to

environmental risks and costs.

At the other extreme, suburban office parks and light industrial facilities normally

pose little envircnmental risks and, if properly designed and located, create few environ-
mental costs. The value of capital improvements from such development, however, is
normally only a fraction of that from heavier industries. Thas, commercial uses tend to

TABLE 13.4 Distribution of Employrment in Boston-Area Commnunities, 1989

Braintree  Burlinzton  Conco:d  Lexingion  Needham  Peabody  Reading  Waltham

Households 11378 8,054 4,764 10,515 10,405 17,556 7.932 20,728
Emgleyment 29610 33,103 i1,643 18,527 18,449 21,692 6,060 63,087
Jobs'HH 25 4.1 24 1.8 1.8 1.2 0.8 30

198¢ Median HH income 47,151 58,975 73,695 71,030 63,618 41,930 55,635 40,595
Norvesidential tax

bese ($ billion)” 0.7 [ 03 0.8 0.7 0.9 0.2 1.9
Non-esidential share of
total tax base 31.70% 45.90% 15.10% 21.20% 21.80% 26.80% 10.80%  39.30%

Non:esidential

fag raie

17% L57% 1.08% 1.59% [.22% 1.38% 1.18% L.46%

HH, Household.
"Nonresidential properties include assessed commiercial and industrial vatues,

Source: B

ployment, Massachusctts Departmend of Employmeat & Training; Households, income, 1990 U.5. Bureau of the

Census; Tax information, Massackusetts Depariment of Revenue.
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provide tax revenues that are commensurate with their lower sacial cosis. But what of a
light industrial facility that processes hazardous waste and generates listle tax revenue?
Even more problematic, corsider a public prison that yields no tax revenue at all. At the
other end of the scale, a complicated te.ephone switching center may contain hundreds of
millions of dollars worth of equipment, generate lucrative tax revenue, and be virivally
invisizle to the community. None of these uses is likely to generate tax revenue that in
any way match the social costs of these uses.

Many ecoromists have argued that the siting of major commerciat or institutional
uses should be dztermined according to a process of bargaining or bidding. Considzr the
hazardovs waste facility mentioned above. The proposal is to require such a facility to
pay communities whatever amount is necessary uniil some community accepts the com-
pensation payment in exchange for allowing the facility to locate there. The community
willing to accept the facility with the lzast compensation payment would presumably be
that town where environmental issues were of less concern and where the facility would
not create much inherent risk (because of topographical or locational factors). A facility
that was viewed as an economic blessing might receive payments from communities and
thereby wind up in the community that offered 1o make the largest payment, In either
case, the siting decision would seem to occur at an efficient location where its herm is
mininized or its advantages maximized."

The argument to allow facilities and towns to bargain over the rights of fimms to
locate there has considerable merit. The payment of property taxes is based on the capital
improvements that the facility requires, not the true economic cosis or benefits that the
development imposes on its host community. At the same time, it may be overly simple to
assume that the impacts of a large facility are limited only to its host town. A hazardous
waste plant may well impose risks on adjoining communities. These communities would
not receive any tax revenue from the facility under current iaw, nor any cotnpensation pay-
ments under the bargaining proposal above. The bargaining proposal works only if the
boundaries of towns happen to reflect the boundarizs of the impacts of a facility siting.

13An alternative to requiring facilities to pay towns for the right to locate would be to require towus to
pay for the right to exciude facilities. The argument, according to Renald Coase, is that the facility windsup at
the sane location with either schere. To see this, consider the following table, in which a finn contemplates
locating in either town A or town B. With no tax payment or compensation, the site minimizing production
costs is in town B, Production plus environmental costs, however, are lowest in town A, If firms must pay for
the right to locate, towns will require & compensation payment at least equat 1o the environmental costs imposed
by the firm. The firm’s total production plus compensation payment cost is minimized by locating in town A.
Altermatively, towns could make a payment to the firm not to lacate there, which would not exceed the environ-
mental cost caused by the firm. If the firm locates in town A, it gets an exclusionary payment from town B of

$243; if the firm locates in town B, it gets a $10 payment from town A. With exclusionary payments, locating in
town A would also yield the lowest total production cost {net of exclusionary payment).

Town A Town B
Firm production costs: $15 $10
Town environmental costs: 510 $20
Pred. costs + “compengation’™ - $25 $30

Prod. costs — “exclusionary™: -$5 30
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344 The Impact of Local Governments on Real Estate Markets  Section 4

from & to &, there is a partial recovery in rents. The ultimate equilibrium in either case is
the same, as long as services are valued by tenants at their cost of provision.

The reader might reasonably question why in the very long run the supply schedule
for space is not ¢lose to horizontal {perfectly elastic), Why would any landlord sepply
space at a lower rent than was obtainable elsewhere in other towns? Were this to te the
case, the full long-run incidence of the tax would elways be carried by tenants. The com-
plete answer to the issue of long-run tax incidence involves a more complicated model
that separately considers the capital and land inputs that are necessary to provide housing
or commercial space. In the long run, the supply of capital is highly mobile (between
towns), whereas the supply of land is almost, by definition, fixed. Thus, if higher taxes
cause landlords o abandon (and not replace) their structures, the demand for land shifts
and ifs price falls. With lower land prices, development can then profitably resume.

With this rheory, the long-run incidence of the tax increase always lies with
landowners, not tenants. This is consistznt with the view in Chapter 3 that eventually the
land market fully capitalizes locational advantage. With a highly- elastic long-run demand
curve, the rent for space in one community will always reflect only the valuation (by
tenants) of the services they receive. It is the price of land that will even:nally absoib the
cost of providing those services. If the cost of provision and the value of the benefits
received move with each other dollar for dollar, then tenants will pay for the services they
receive, [t is when cost and value move differently that landlords may receive a windfall
gain or foss. If two towns have identical public services, but one receives significantly
more state aid or has a sizeable base of taxable commercial property, then its lower taxes
will be reflected in higher tand prices. Rents, however, will be the same in the two commu-
nities. If the “fortunate” town opts to spend more on services, leaving taxes the same, then
rents will be higher, and this (rather than lower taxes) will generate greater land prices.

SUBURBAN COMPETITION, TAXES, AND THE PLIGHT
OF CENTRAL CITIES

The information in Table 13.3 illustrates a common problem that has plagued all major
metropolitan areas of the U.S. during the last half-century. Ssarked by s decaying hous-
ing stock and zoning constraints in adjoining suburban communities, lower-inzome
households have been able to afford housing only in inner cities. Once concentrated
there, the “need” for public services becomes especially acute. Greater crime, the need
for special education programs, and social services all place great strains on central-city
budgets. City governments {ind themselves “between a rock and a hard place.” To meet
these services in a manner that is even partially comparable to that of the suburbs will
require greater expense, and, hence, higher taxes. These taxes, in turn, will lower prop-
erty values. The alternative is to leave taxes at competitive levels, but allow services to
decay. This will also lead to lower property values and also possibly exacerbate the city’s
difficult social problems. ,

The dilemma creates a vicious cycle. A declining real estate market only serves to
attract or maintain the city's lower-income population and its resulting demands on
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public services. There is no way to strengthen the real estate market and attract a greater
mix of househols into an inner city without simultaneously lowering taxes, improving
services, and solving city social problems. Two sources of assistance to cities have been
discussed in this chapter: grants from state or federal governments and the tax subsidies
that come from the city's commercial lard uses. .

Chapters 5 and 6 suggest that central cities may be in danger of losing the commer-
cial land uses that for so long have helped finance their necessary services. Many manu-
facturers have already left for cheaper suburban lard, while retailers are moving out to be
nearer the greater purchasing power of suburban households. In the last decade, thers has
been = tendency or service firms, once centralized in inner city CBDs, also to clusier in
newer suburban subcenters. Unless this loss of employment and the resulting evosion of
inner-city tax bases is reversed, America’s central cities increasingly will be forczd to
depend on higher-level governments for their financial viability.

SUMMARY

In this chapter, we examined several important connections between the real estate mar-
ket of a metropolitan area and local governments. Not only do the taxes and services of
local governments influence the locational choice of firms and households, but the impact
this has on property prices greatly affects the financial resources of local governmenis.

+ In the U.S., local governments provide most of our direct public services, In addi-
tion to assistance from states and the federal government, the property tax is the
major source of Jocal revenue to provide these services.

Within metropolitan areas, suburbs, with their wealthier residents, tend to have
similar total expend:ture budgets as inner cities with poorer households. Greater
assistance from state and federal governments, together with an extensive non-
residential property tax base, are additional resources that enable inner cities to
provide similar service expenditures with property tax rates comparable to
the suburbs. The greater density and social problems of inner cilies dictate a dif-
ferent mix of services and impact the quality of services obtained from compar-
able sperding.

Local governments face strong financial incentives to regulate rew development
so that the combination of a project’s environmental impact and its use of public
services is more than offset by its tax payments. Zoning laws cre used by local
governments Lo achieve this kind of fiscal surplus.

In a market equilibriun, the housing market tends to sort households by income
level. Thus, the existence of communities with different income levels is a natural
outcome of a competitive housing market. In the long run, howzver, this pattern
often weuld not be sustainable without imposing zoning restrictions. Minimum
lot size zoning, for examing, can block the development of higher density housing
that woutd enable lower income households to live in more afftuent towns.
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Chapter 14 Public Goods, Externalities, and Development Regulation 349

CHAPTER . all owners might be better off by acting in a ceriain way, but none has an individual

incentive to do so. In an attempt to remedy this coerdination problem, local governments.

Hr chm H—,LHO QOOUM . - have developed mechanisms for interfering with private property decisions. The most
a ) | ! :

common of these is zoning laws. The land market, however, has also evolved at least
some partial remedies for externalities. Privately written and enforced restrictive con-

m ‘H‘ mwz >HLH‘H‘Hmm ; tracts or covenants often can coordinate the actiors of individual property owners. Fur-
x ’ , . . .

thermore, when land is owned and deveoped simply at a larger scale, certain problems of

! coordination become better internalized or controlled.
>ZH_U Um/\mhowzmz H ﬁ In this chapter, we present a number of simple economic models that illustrate this
: class of problems and suggest a number of alternative solutions. Many of these remedies
can involve governmental interference in the land market, suggesting that public planning
Wmocu‘l\ >1H_“4 Oz “, has an important role to play in securing private interests. To illustrate the influence of
bl . public goods and external =ffects on the land market, we begin by illustrating some
examples of how important these can be in determining property values.

i
B
i
i

PROPERTY VALUES AND PUBLIC AMENITIES

In Chapters 3 to 5, we demonstrated that market equilibrium and the indifference prin-
ciple can help to uncover the value that consumers place on housing attributes, location,
and commuting. In Chapter 4, we presented hedonic pricing models that provided esti-
mates of the value placed on specific attributes of a house, inctuding location. This same
approach has been used often in recent years to obtain estimates of the value that con-
sumers place on public goods or amenities. The fundamental principle is the same: if
markets are in equilibrium, the value of otherwise identical housing or land in a location
that offers more amenities should be priced just high enough to make buyers indifferent;
lower prices in areas with poor ameniiies should just compensate buyers. Let's look at
some specific examples. .

The quality of the urban environment often is mare than simply the sum of the qualities
of each individual parcel of land that makes up that environment. The quality of urban
life is influenced by the overall aesthetics of the physical environment including the
architectural compatibility of buildings in the community and the use and design of pub-
lic spaces. Environmental conditions such as air and water quality and the treatment and

disposal of waste are also important determinants of the livability of cities. Why do some Certain uses of land such as airports and heavy industrial plants ate known to pro-

noEEH::EH”M wﬁosﬁaw a :_mwﬁ_:m___”w of _Hmw irmmm .o_maa do not? ) ) k, duce noise and air poliution as part of their normal operation. Since the early 1970s,
. . apter, we argue that quality o __.P depends on two important ecoromic W economists have studied the impact that such facilities have on nearby property values
issues which -.EE be mnwz.oa_mamoa and appropriately managed. First, there exists a wide | (e.g., Mieszkowski and Saper 1978, Nelson 1978, and Smith 1978). In general, this
range of public goods which create collective enjoyment for all property owners. Being : research suggests that poor air quality can reduce residential property values by ronghly
no__m_n:,\m:\ enjoyed rather fhan individuatly consumed, these public goods are difficult to 15 percent. Similarly. moderate noise under flight paths has been showr. to reduce hous-
provide when individual praperty owners act independently. Thus, the individual decision Emuém:ow.g Sto wo percent, whereas more mmnﬁw_n noise nearer to mE.uo_.a has 220 to
Sm._csm that nrmmmna:mmm private land markets does not work well for such goods. Insti- 30 percent negative impact O.Rﬁ_an and Mieszkowski (1980) found that residential prop-
tutional E.mo:mEmEm are ofien necessary for owners to act cooperatively in determining erty values increase with mﬂ.nm.an distance from disruptive land uses.
N esont tsitive ot of el este is st indepondon ctions of et s e oo ety vaaes. ot (1991) cxamined
propety owners can have & dramatic impact on the value of pend ¥ risks and a potential negative impact on their property values. Kohlhase (1991) examined
pact on the value ol a mwno.mmn propetty. In other the impact on property values when the Environmental Protection Agency (EPA) places a
words, the real estate fortungs of one property owuer are criticaily linked to the actions of toxic waste site on the Superfund list, meaning that the site becomes a federal priority for
.o:_w;. This is a classic example of what economists call externalities—the action of one _ clean up efforts. Using data from moﬁw_ma: she estumated that property values withir. a 6.2
individual results in external costs or benefits to another individual. This interdependence mile radius of the site were decreased by as much as $3, uE for each mile closer to the
between real estate sites can fead to fundamental coordination problems among owners: site following the EPA announcement.
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352 The Impact of Local Governments on Real Estate Markets Section 4

With the law of diminishing marginal utility, we will expect that MV, declines with more
A, which means that the value of additional open space is less as the amount of open space
in the development increases. The remaining owners i, = n - », have open space valuations
of MV, (A), which are lower than those of the firs: group. Thus, MV,(A) < MV (4) for all
ranges of A. Finally, the market value of a lot for private developrnent, again, is p, which
is the price that will have to be paid to acquire the adjacent land.

What is in the collective interest of all # owners? For each additional acre of open
space purchased, the total benefit to all is simply the aggregate benefit to both types of
owners: 1, MV (A) + n,MV (A). This total marginal benefit declines as more A is acquired.
The collective interest of all is highest when the total marginal benefit of additional
acreage just equals the marginal cost of acquisition (p).! Thus, the net value to all owners
will be maximized with a purchase of open space acreage (A" such that:

n MV, (A" + n,MV(A") = p, o7, .,w_ MY, (A")+ ﬂlm MV, (A") = (14.1):

= I

The second part of Equation (14.1) defines the optimal purchase of open space as
occurring where the weighted average valuation of additional open space by the two types
of honseholds equals the per-household share of the cost of acquiring additional land.

While this ideal solution to the acquisition of open space is easy to define in prin-
ciple, it is difficolt to imagine a process by which it can be realized. To begin with, each
individual property owner (of either type) would still like to free-ride or opt out of the
group acquisition, thereby saving the cost (p/n) while still rezping the benefits of the non-
excludable, nonexhaustible open space. If we could enforce participation, we would have
the additional problem of social choice—getting the two groups to agree on what action
to take.

Suppose that all of the » property owners are required to participate in a coliective
decision and thet all will be required to pay an even share of the amount of open space
the group decides to acquire. In effect, we are requiring complete participation by all in a
social choice process with the power © enforce the group’s decision. Within this institu-
tional mechanism, we ask what level of open space acquisition would ezch type of 1ouse-
hold like the group as a whole to undertake, With a unit acquisition cost to each
houszhold of (p/n), the level of open space that each household would prefer that the
group select (A, A;) will be such that its own marginal benefit equals its cost share:

My =L, mr4) = z (14.2)

In Figure 14.1, we depict the three solutions (4%, A], A}). Each occurs at a level of

open space (A) at which the marginal benefit schedule intersects the horizontal unit cost
line. Of course, since the first houschold type values open space more than the sec-
ond, its marginal benefit curve, MV (4), is to the right of the second household type’s

'Rational owners would sesk to acquire that level of open space at which the totat value to them net of
acquisition cost is maximized. As discussed in Chapter 4, this ocours at that level of apen space at which mar-
ginal benefits (the MV functions) equal marginal costs (p). At open space levels tess than this, marginal benefits
exceed costs, so further purchases are warranted With more open space, the net gains are negative.

|
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FIGURE 14.1 Social cheice with two household types.

The dashed line represents the weighted average of open space valuations AV (4) and MV,(A).

curve, MV (A). Hence, the preferred outcome for group 1, A}, is greater than A;. We have
defined the optimal amount of open space as A*, a point at which the weighted average of
the benefit curves for the two household types (the dashed line in Figure 14.1) intersects
the cost line (p/z).

It is important to note that if the collectively optimal Ievel of open space is some-
how selected, each group of househclds would still prefer a different outcome: the 2s
would want less and the 1s more. Such conflict is inherent in collective choice preblems
in which the “best” solution may not be preferred by anyone.

While having determined what sach type of household would przfer to select, we
still need to specify a process for arriving at a group decision. The most common mecha-
nism used in such collective choice problems is voting. If a majority rule vote is adopted,
then the group would select either A| or A, depending on which group has the most
members (whether n, is greater or less than n,). Thus, direct voting normally will not
yield the open saace policy that is in the best collective interest of the group.?

Other social chotce pracesses have often been suggesied by economists. For example, consider 1 bind-
ing mechanism that requires unanimous support but in which votes can be bought and sol¢. To see how ‘his
woulc wark, imagire the group as a whole considering the pont A® as opposed to A3. Only the 1s favor his
change (since their preferred leve] is greater than A}). The n, househalds of type 1 could all contribute funds
equal 1o their incremental gain and then give 1/x, of this amount to each of the type 2 households, Since A" is
defined as the pointat which the weighted average gains are maximized, each group would be better off. In
effect, ihe 15 have tought the supsort of the 2, o . a



[4
e _,
fA-o3-n»
RO aM L I0] Bulajog
0=4A-2 -4z -0 = deide .
g 01 jenbs
2epdp aaneanap oy Jumes £q o soziuNXEW 1211 f S8 PUY S WA - - A¢ - 0) = d v s wewdoessp
ay1 Aq pandnqniugjoxd eare oef) a1 spenbe (d) wewdoleazp pue| jo joof atenbs Jad 1joid enprsas g,

L+4gz
ﬁ.v.u—v J-p = i
‘(ud) A[TENPIAIPUT 30U SIUMO
Andosd (e voum :m%& [T ey Ky1suap Jo jaas] wauginba uni-§uoj oy auigep
ued am f = f3uIsy of = funt Fuo] syl ut ‘SnUT, o SPIBMO] S9aow f ‘ANISUSp 2001log
-Ydreu *y 3¢ padojaaap st [aored yoes sy J12dO[PASP UIEa iq USSOYD 1BY) SPIBMO] DA[0AD
01 widaq (s Y4 pooytoqyStau o) ‘Aea sty 108 sradojeaap [[B se ‘ol 1240

gz

(€v1) (fA =D -n)
AfA-0 - 4d-20) = d

ool SYZIWITKRW JeU) ‘o YV JBYI §3500UD
pue U2AI8 SB AJISUSP pooyloqysian st saxel ‘el ‘Aypedoid jenpiatpur Kue Jo Jadofaasp
YL "ANsusp pooyloquIrau pasealoul Y 9StDY o3 0) SN[EA UL S$O| [EIUSWAIIUI
se k pue {4 ‘¥ Auodeosd enprarpur wol) JoWISIP SB) POSYIoqy3iau Ay Jo Y oYl se
4 9uyap s 307 ‘pootroquSeu s jo juowdojsasp Jasusp wely synsal ey Auedoid qowo 0
anfeA ur $30] %) 2eI0diodur 0] ST 333l [SPo SY) 0] BOLBAOIN] 1) "1509 UONIONISEIOD 100]
-axznbs-13d 813 a1sym (O — )4 = d se paurjap ‘puej Jo jooy axenbs 1od Jjoid fenprsar
) SIZIWTXBU YRy} Y U 250042 [II4 Jodofasap a1 *f IndeyD) Ul pamoys om Sy ;21IS
s1y do[eaep Joumo [BNPIAIPUL e [[ls Yy JeyM 1y "saseasul f ‘Fupiing sy Jo ¥vd
Y] USUMm SINID0 TBY) SN[EA UL UQLINPAI [RUISIRW 2] ST ¢ pue 2500y € Jo 100] areabs Jad
2ond 9u3 1098 URD 1RY3 SEINQLINNE SUISNOY PUE [BUCHEIO[ JUI0 [jB JO 30[BA 3AI)I3[[0D AU
ST axoym fg — 0 = g st Suisnoy Jo 3005 arenbs sad eo1d sy4) peuyap apy “Swipjing K108
71-01-g [EUOISEID0 UE Ui S9SAOYUMO] K101S-In0j Aq PoleuIop $1 BOISOg JO E2IE SIY)
letp Jequistay ‘i 1dey) w1 pajuasard uolsoq jo vere Aeg doeg 2 Jo apduexs sy 0)

UINIRI 8 39] ‘Sa0YD 2ANEIadO0D PUR [BUPIAIPU USaMIDC HOGOULSID 91 S1R1ISA{[1 O,
'SHAsI Juatafyip b yw *Aeapiarpur o Ajaanersdoos
JOYIES PAAJOSSI 9G UBD POOIOqYSISU aY) pue [EapIAIpUI ) uIAMIAq PIJueD 2y -erould
Avwr 12d0[343D 2} JBY) SUOTIEDIJHLIZI 13PEOI] DARY UBD A)ISUSP INOGE SUOISIOSP [BAPIA
=1pa1 Jey) sueaiu osfe 1] “Aliadord [enpiatpul yoes uo jaedun | Jeuisyxs,, uw sey sulpfing
Suipunouins Jo Ansuop pooyloqudier ay) Jeyl sNesIpU] SILt Ajpang pooyloqySiau Ay Jo
To1RIRYD U3 9413531 01 J8plo Ui juswidojoadp Jesuap ‘ramau asoddo 03 Aqeonnpd 148y
pue I0y3080) pueq Usyo seale SLIOISIY 25aY) JO STUSpISaN JuarIny) ‘sfupping juswiede o)
pasoddo se sasnoyumoy jo anjea aeand sy Yiia S0P 31 S8 (]80S URLIY pue ssautado sy
“32) pooyioqyBreu A Jo araydsoure ) Yiim Op 0 Yonw se sey 3ou1a]a1d SiY] S10MOT

=4

55¢ uonenBay Juswdo[aasq pue ‘sanifeusalxg ‘'spoo oqng | Jerdeysn

L
i

(1) uonenby w1 sz 950> uolsbae A sjenba uonen|ea R 2y saWy H

UtPa JN320 POM ST, PIZIUILEW SeA pue] 1uade[pe oy Joj 1500 uonisinbag J0 136 pue) padoreaap sy Jo snfeA

sneBa133e ayp |nun eveds uado annbae ppros Jaumo ay g A pe) + Ay aq ppnom soeds vado jusoe(pr
JO 2108 U Joj anea JOf U] 3SL3ITUT SFLI0AL 19X 1B AT 9T 343 Jo saneiuassidal a1k srakng e 3y,

Jueuntede JO smol yiim spooyioqySiau 03 parajaid ueljo 218 [9M SB SO JAYI0 U1 punoy
pue 4 Jadey)) ur passnosip uosog Jo Bare ABgl Yorg 91 S YINS ‘SOSNOYUMO] KI0S-In0]
Yila SPOOYIOqYBIou o1I0)STY 12piQ) “oords onqnd 9|1} S1 GI9y) PUR ‘PIIELID Bie S|aU
-unj puta ‘paonpar s1 Y8 ‘asusp st pooyoqufau v uayy [om st sansadord Supunos
-ans Jo anjea a1 sjordut Inq ‘onea uMo sH s108Je Ajuo jou [2ared 1ejnonsed e Jo Aisuap
s ‘Bumpas s uf "ejqeiea 91 Jo Sipenb jueuodur U sawooaq puw UoISULWIP [RUON
~IppE 2B UO saye) A)Isuap ‘seale uequn o5Ie[ ur Ajgnonie pug| Jo 1301ed yoea uo sasnoy
suow 1nd 0] AIqige ay1 1SUR3L JJo sup Furpen ssAjoAl Eu&aoﬁ%ﬁ pue] ajqeiyoid ‘Justu
-dofaaap ANsuap-1omo| 10§ Aed-03-ssouBulj{im POIBNSUOWIDD B LA, 'SANISULD J3mo) Jo
S3INONIS U DAY ©) 20SIP SP[oyasnoy ‘[enba 5879 [12 “Tey) pue Juednaco si 07 Auadoxd e
30 anque Juepodus ve 51 juowdorasap Jo AISUOp a1 Jey pandie am b rdeyny oy
*Ay1adosd sty Jo anfea sy wedwi Lpanedau dew
sy pue Sutjeaddeun Aj[eonouisoe SI 1 9SNBIRY ‘93RIONANRP 0 papnuad 10 pauopueqe
st Auredoad jusoelpe ue uaym psutacuod Ajqenynsnl aq Aeur Jsumoswoy v ‘ojdwexa 4o
*9J11 J0 Lnjenb 10 sanadoid umo 119y 19edun Apoonp ABUS SUOIIDE 350Y) SSHEDAQ SONIUNUL
-U09 113y ut s1aumo A112do1d 13410 JO SEONOE SY UL PAISIBIUL USO 1L SIoumo Apradord

$311H340Hd SSOYIV S1I3443 TYNHILX3

"Kuadoid $15410 3o anfea sy gsIUTWIP J0 3ouBYUS A11adosd LMo § 300 IO SUOIIOR [eNPIAIPUL
‘WY Jeored [2nPIAIPUT S QUM YOBS JO IPISINO PUEY UO N0 [[B SH[EMAPIS 10 ‘SAemIojem
‘syjied 10 aowds uadQ "pue] Aed-pIIyy uo njEA SATINA[[OD JO UOLIEAID B JAJOAUT
U035 SHY1 Ul pajensny[l aARY am J2y) saniuswe pug spood snqnd jo spury sy,
. ¢ (¥} soeds uado jo Junowre zunde sy1 10j (1'%1) tonenbg
St auies ay) Adws $1 BLILID STy, *ISSIUE-319s § Jodojoasp ) Ul s1 uonisinboe Ay usy)
‘puzy juaoefpe mcmtumoa pue Surimboe Jo 1500 2 ueyr 2uow Aq paseauour aq ues Iado
-[eA3p Ay Aq paumo $10] & 3y} Jo anjes 21eFa188z o) se Suc] sy "enjeA 1NN SIY) SMOMY
Joumo 3Y) 1et) pue ‘sjof oy eseyoind A[jenjusss |t 1Byl sdnoid om) oy jo uonenfea
aBeraae oy) 38 3oeds uado JusOR(pE SIN|BA JONIEW [[RISAQ S 18Y) SWINSSE 4B em ‘ase
=B UL 'S10] 243 JO Jsumo-1zdofaasp 9Suls [euiSio ue Aq s{puey o} Jarsta vy oq ‘qdiduud
ur ‘pjnom uonsinboe aoeds uado Jo-wsjqord ag yeyp uefe no juod pnoys ap
"0d1e] st sloumo Auadoid Jo 1equunu ay usym Apre]
-nonted ‘sepruawre o1jqnd Jo (945} Ave ap1aoad o [18) usye [jim Suryew uoisioep aeand
PUE MOyJIp a10W $a1H022q vonesadood Ammunoa ‘uesard wejqord 1opL-aaly A Wim
‘ayestid ur wedreq pue A1 0) Uole s1UMO Auedoxd u o Suiavay A[dwis uvyy Tanag.aq 01
Ay 51 ssa00xd uorsioap dnord Suneredo Apoapadun ue uaas ‘osuas m_ﬁ U] .:w & 20eds
uado ou Suiaey uey Jjo 1N9q ojoym € sE s1aumo Auiadord oy so3e v pue 'y vaomiaq
uopsinbow aoeds uado jo [aas] Auw ‘seseo jsow uy Jey) Ino Juted oy juenodu 1

p UeNDSS  s1axelyl 2121ST |BSY L0 SIUBWILLBAOE) j2207 o Joedul) 3y pae



356 The Impact of Local Governments on Real Estate Markets  Section 4

At this level of density, we can also determine the value of land (p).?
2

o-C
2B +y

In Chapter 4, we estimated o at $222 per square foot and P at 1.48. To continue this
numerical example, we assume for simplicity that constructicn costs are constant a1 $120
per square foot. If we assume a value of v of $4 per square foot (the incremental loss in
value for each house in the neighborhood as the neighborhood FAR increases), £ = 14.7,
considerably higher than the four-story brownstones in the area. When neighborhood
concern over density is lower (i.e., lower }), the reighborhood FAR and land prices will
be higher. For example, in our Chapter 4 exercise, ¥ equalled 0, 7+ was 17.5, and p™ was
$1,068. With y=4, F*= 147 and p*= $318 per square foot.

It should be clear in the example so far thzt while each property owner considers -
the external costimposed on him by other property owners, each property owner is ignor-
ing his external impact on others. What happens if, rather than having individual owners
make density choices independently, these choices are made collectively? Suppose
owners cooperats to choose a common FAR for their entire neighborhood, considering all
of the costs incurred. In this case, they jointly select the density they want both for the
neighborhood and for their individual properties. Assume that landowners are con-
structing a new neighborhood on vacant land and must decide on the density of all devel-
opment. With cooperation, the neighborhood FAR gets defined in advance as equal

to that of each oroperty, f= F. As aresult, the collectively optimal FAR, F*, is that
which maximizes:®

pr=B (14.5)

*We can determine land vahe, p”, by usisg Equation (14.3):
s{o-fF-C-yHF
Substiluting f = F yields:
' pr=ig-CF - (B +y)F

Substiuting F = F~ = Fm,..
2B+
o= (2B + v){o - CF - if + y)(a - C)
(2B + 7Y
a-CY )
=B W) " BeFS

®Here, cooperation means trat we begin with F = £ so we maximize:
=(-pF-C-yF)F
Following footnote 4 dploF = -2B F-C-2{F=0
o-C
2B+

Fr= =
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p=(o-pF-C-yF)F
.m... = o-C < " c&_.mv
2B+1)

Clearly, cooperation leads to a lower density of development. Using the parameter
values outlined above, F* =9.3. What is the impact on the value of land? Our expression
for land value, p’, becomes:’ .
(0.~ CY
AB+1)

Cooperation winds up yielding a higher value for land. Again using the parameter
values outlined above, p* equals $475 per square foot, considerably higher than the p*
value of-$318 when there was no cooperation. In the long run, cooperative behavior will
yield higher property values and is in the best interest of all parties.

As a practical matter, how are cooperative decisions made? There may be neighbor-
hood or comuitunity associations that exert influence over certain aspects of developmen: such
as dersity, But more often, these issues are dealt with by local governments through land-use
contrals such as height restrictions, minimum setbacks, and open space requirements. Under
tire assumptions used in this model, there can be a lot gained from such regulations.

ﬁ. = > —UE QL..“J

CONTRACTS, COOPERATION, AND GOVERNMENT REGULATION

How can we encourage individual lot cwners to develop their parcels at densities ard use
architectural designs that arz compatible with the community? How can we best prevent
individual property owners from introducing an adverse use into an otherwise harmo-
nious neighborhood? In seeking to remedy the externality problem discussed above,
economists and lawyers have developed three general %Eomn:mm None is foolproof and
the usefulness of each depends on the situation,

Private Bargaining with Contracts

Particularly when the number-of participants is small, it has been argued that private
agreements among property owners sometimes will work. While each owner may have

"Following footnote 5, we now determine land value, p', by m_.&m:E:nm F=F = -e-C into the
equation ﬁo_‘ﬁ in Equation (14.6): . . 2(8+7)
[ o-C '
p=(o-C) —— - (B+7) -
28+ 2B+ )
B+ yde-Cy
HB+ Y1
(w-CY

AR+



“xe3 243 snd 1509 fenba
stljauaq 2ea11d Sraym 03 s3y1ea ang 1500 jenba siyenac areand auena nmod M 0) geored Doy dofzaap J0u
Plnom S[EnplAIpuL ‘s, “(fA-) v 19uB1y ) Jo 1aedu] jera0s oyl o) [enba og plnom Y. U0 Xe) A,

suoneindar (paydooor fjoprm arow 2susy
PUB) [BWITUTL Y1 AJU0 sueara)tl pue yoroldde snonnes sxow v 9§2] 0] JuSWIIOAOT
aaeIteseIdol B 10Y 9jqRU0SEA) 0g AW 11 Y[NSSI 2 5V "UOLURAINUL £q PIsSIIPPR 2 pINOYS
SANITRUINND YoIym Io papiacd oq pnoys spood oifqud yoIym Inoqe SnsuIsUdd I[N
§1 21yl "§°[} <Y1 Ul Jey) pandie Uaaq Se| ] 'SeIHUNCD ueadoIngy SUIOS Ul PUNnoy eyl o[
Jonod mataal udisep oipgnd ou AjpEnaiA s121auy, ‘uorsiaoid axmonaseryun Suinmbar pue
asn Buyornser 0} Ajuewud suone[nal S S JUOWILIAAOS SU) ‘0Xal USAT ‘SonlUsoul
[el2UeUy Jo 38N Yy wely WaeAaxd alow Jef st yoeordde Limendor o gy S g
‘sonuatue oyqnd yons onfeA S[ENPIAIPUL ONIL MOY SUINLISISP
01 9[qe 9q Aduade aijqnd v yer soxmnbox urede 1pan 10 xw) sedord ey SuwIoiop ‘asInod
JO -eouentody ouosty jo seruedord Suposar se yons *Kijeursiys samsod  sayeald
1ey) Juswdorasap sFeInocus 0) A[opiv pasn Ua3q SABY SJIPaId Yey ‘Ajeaneuisy s10afoid
JuadoaaRp Anunwwos oyo 10 SUISnoy S[qepIo)Je J0J peyIEuLIES oM SSIeypIns oy
WIOI] SandaAST Syl *usy () “edieyoms v pred Loy J1 Ano a1 Aq 188 SIM] YV oW A0qe
pring 01 panrwiad aram s1adojsaep yomym Iepun swesdoid aFeyur paresds sonupd g
WOS SOYGT I SULIND ‘20n9e1d Uf 4 ISAIUL-J[OS UMO JISYF U 198 S[ENPIAIPUT JT UIAD [9AT]
MVl 2AnRISdC0D Sy 38 PENG 01 S[BNPIAIPUT 93NPUI OF JHIMINS 3 T{IM YOTYM 212 X3 B §1
arel “ajdiound uf ‘pooyieqySiot sy Aq UISOYD [9A9] AU 940qE [2A3] YV © 0] PoXE] aq
W3 rado[oAsp [enplalpul 1eALd S ‘eaoqe e[dwexe AN[BIISIXG oY UI SNy, 1Salajul
SATIDI[[0T 24} UL ST 16U} JOIARYSQ JZIISQNS 10 151558 A[[BIOUBLL] PuB AJIAIOR S[QRISIpUn
xe} Loyine a1iqnd SWos dARY 0) ST UOHUSAINUI JUIWUIIACT JO, W0 PUOIIS ¥
. : 'spood djqud pue senIjEwIR)Xa Jo sadh)
Auew Jo anfes 91 Jnoqe Klzeinonted ‘UMOUN AJSpIM SI UOHBULIOJUT YoNs Bl Jea]d [
Je 10U ST 1f "UOIN[OS DANIN[OI JUF JO ARSI J]JRUOSET B LI 0 (SUOTIRN[RA JSHIBUL JO
[BOPIAIPUT JnOQE *33) Alesseosu uonULIONUI AY) sey AjLoyme Sunengo a1y) 18Y) SouInsse
UOLBINGaT JO MAA S1 ‘95IN0D JO IN0O0 Jou op sIsumo Auadord Suowe sanfEUINXa
a5t 2A1E33U jey3 pue paplacid are spood oiqnd urnuiuiw fey3 21asua 0) Uk SB pomolA
3q UB3 SME] ong "suopesife aimng se [am se Auadoid uo Kjenmr panoppe sssn jo 28uel
sy Jruny sme| Fupuoz pue ‘inofey asnoy pue ‘Alisusp ‘Suidedspue] ‘aInpraseajul Jo SjRA3]
urenao oxmba: Apuonbay) suonenSar uoiSIAIPRS ‘SNYL AR] AG PIIEOIP At0JAG PINOd
aAcqe passnosip sojdurexa oy up uonnjos aaneradood oy ‘ojdiound u[ “1SaI0IUT SAHO9]
-J02 au U1 2Awyaq s19dojeAdp 10 s1eumo Ayiadosd renpiarput jeyy axmbar 01 Ajduns Aua
otjqud awos 10§ 3q pjnow weyqoid Lfeuraixe~poos o1jend ayi 03 LOIN[OS AU
. "$3AHUIOUL SHUOU
-003 pue uONENEIL :Palsa0Ape uayo oIk saijod ongnd Jo sod) om ] "SJUSIUISACE

65¢ uoieinBey juswdojeneq pue ‘sapjeula)xg 'spoon Ajgnd  yL Jeadeyn

T2o0] yBnoayy 10309s orjqed oy Jo utewop oy ur Buojeq ApyTu sanzedord Tuoure 8193139
[ewX3 Jo JuctuaFeuew oY) pue speod o1qnd jeyi sndie stauuejd pug s)spuouos Kuvy

Aojod Jusiulaacs)

{SIUMO [BRPIAIPUL AUBW 0] Plos pue ‘pado
~[349p ‘PapIAIpgNS ST pue| a1 12)Je pajpuey 2q €1 swsjqoid asay) jo weweSeuew Furosuo
Y} ST MOY ¢ puewiap 1jfewr ul se3ueys juonbosqns Jnoqe ey Juswdo[easp jo swr
2t 1e spood oyqnd [enul 9p1A0Id PUR SSNI[RLIAXS SZI[BUIAIUI 0] AJUO SHIOM HOLN|OS SI}
‘puodag uadooAsp ajeos-o8ie] yons Joj Axessaceu soommosal [eydes syy axmboe 03 pue
pue[ jo sioel) 951e] S[qUIASSE 0] YIOQ JNOLYIP SIWHIWOS ST I] “UOHN|OS S1Y1 O SHUIY aIe
2191 “Is18q Juswdoraaap Jo 91808 103ief v uo Fukar yim swarqord om) e sy,

‘padojarop Buraq Auadoid ayy jo anjea
SANOR[[00 13U 3 0} ppE 0P Aj[ear snJea) asay el Suruinsse ‘papracad oq 4 spood
onqad Jayjo 10 ‘amnponnseyur ‘Surdesspuey *udisep ojquedwos ey [y 210U ST 1 “afeos
Ta3ie] & Je padoaaap st pue| uaym Jap $)seSEns swyy suorsiosp Fupyew ST Joumo a[Fuis
B U3 1SIxa 0] 25822 sweqord 3say Jo wog 'semuedesd nay) Suowre syur oluouoss
ay) o3pajmouyor 0} s1ouao dfdninw Surod st wsgord ot ‘SINIRLIANXS YA "I0INOSAI
uounuod ¥ jo sieumo spdnnu Suiey Aq pesnes st spoog onqnd s woyqerd oyy,

suawdojoaaq ajeas tabie

(2L61 uedars o9s) zadofaasp paputw-s(durs v £q pasodu
Seat JeU) JUStISaIFe [RUISHO S 03 JLIW0osT 0] staumo Auedoxd Jo Jaquinu 38 € Suipad
JO ANOLFIP oY) PAIUAWINIOP FABY SISYILLSIY 'S1EaK JO JaquInu B I91e SHUednoo0 JuaLng
9 4q pouBisar 2q SJUBUIACD P3P JBY} JInbal USYo SLIN0D ‘PI[eA UIEWISI 0} MUIUOD
01, "1odojaasp-1oumo sfSuts e Auo s a1ay) uaym Juowdojsasp jo owr oy 18 sazadoxd
uo paoe|d o1e Apuenbaij Jsow sUBUAA0D Paap ‘ojdutexs 10j ‘UoiSNOK U] “ylom Kjarel Koy
‘03ae[ st syuedipnied Jo IDQUINU SY) UIYM JBY) ST SIRIUOD JRATId i wopqosd oy,
“1o11adns 9q paspun
Ued SHOHMOS 3aneIadood eyy sousplae Suiprroad ‘SJONUDD OU YIM ISOY UBY) Sanjua
K1adoxd 10yB1y ARy sUONOLISAI Yons FUIUTEIUCS SUOISIAIPANS UOISROL] 181 punoj (6261) -
14adg ‘epdwexs 104 ‘WY PIM JJo J91eq aq 4 [[B 1B S9ZIuF00er Inq s)geasopun
Ajerealid suompISal Yans puyy 1S 19UMo [Rhpralput KUy ‘asn pue| wi 2Zueyo Aue
Ul puB ‘SAINANOR SAISRIGO JuaAard ‘adueuSIUIBW Swioly [Bwiuiy axnbor Apusnbay
SUCTOMISAl P3ap Yong ‘SUOIIRINED JsN-PUR] JUIWUIBA0S OU 10 ANy YIm 950y Ajeisuss
"SONID UBILISUIY #49] & UI UOWIIO) )Iith 918 SUONDLISaI Pasp 10 SIORIIL0D S1RAL
'SOINOU00T JO [00UpS 08BN Jo ANSIDAI( 211 0] Pajnguize Ajuenbary
ST wojqoad Ajreutesxs ay) o) yoeordde Areunjos spy swosno saneredoos 3l aInsua
01 AIessosou s Jey) uow0I0jus SUi03U0 Y} puE JUSUBIUILOD [eRIuI oY) yiog apiaoad
Tits Jouirg -sepedod moyy o UORIINSAI pasp towwod & 1dador Jo 1DEHU0D € uo 201Te
03 )dweze uga dnosd oup ‘siy) SINSUS O, '[9M $E OS OP SIOY0 B} 152100 5, dnoid sy wr
108 01 92187 AP SIQUMO JUSWURYFIUS PUR UOHEINP? YSNOIY “NiIys o) JALUBOUY ur

p uoloag - sjondeyy ajeisy jeay UO SIUSILIBAOE) (30T Jo Jordwjay) gse



360 The Impact of Local Governments on Real Estate Markets  Section 4 Chapter 14  Public Goods, Externalities, and Development Regulation 361

HISTORY, EXTERNALITIES, AND LAND-USE PATTERNS . Land
Sometimes external economic impacts cccur not only across properties within neighbor- - Rent

hoods, but between development at one location in a city and land throughowt the
remainder of the metropolitan grea. When these broader impacis are not fully internalized
by the private land market, then private development decisions may neec to be planned,
guided, or regulated in order to yield cutcomes that are in the collective interest. The .
incompatibility between major land uses is a widespread issue that can affect not only ” = 3&.
local property values but may also lead & private land market into a regional development .
pattern. that is distinctly suboptimal ard determined more by history than by current
economic forces. .

To illustrate this problem, let’s again return to a simple, single-centered city with r,—kd+fd-mly
two uses, residential and industrial, much like the model discussed at the beginning of H "H
Chapter 5. To keep matters simple, we assume that both uses accupy 1 acre of land per |
household or industrial firm. Further, both uses incur travel cosls to the city center— Industries Households
residents for commuting and firms to acquire materials and ship products. Annual com- 0 [TTTTotreomTomsspmomssomooooosomomoooEs oo r
muting costs reduce the resicential land rent gradient by —k,, per mile, whereas shipping
costs reduce the industrial rent gradient by —k, per mile. The central land rents for each
USE are s, r,. : | !

Our innovation to this model is to assume thet industrial noise and pollution create | m b distance (d)
an annual cost for residents that decreasss with greater distance between households and _ . -
industiial firms. Thus, residential tand rents depend not only negatively on distance to the i
urban center but also positively on the distance between a residence and the nearest
industrial nse. The annual value that households place on each mile of separation will be Land
Y, and, for the mement, we may assume that the two uses occupy separate areas of the Rent
city with a boundzry betweer them occurring at a distance of m from the city center. The
two gradients for land rent, therefore, are:

rddy=r - kd 143 | fy—kyd +[m—-dly
ryld) =r, - kyd +|m~dly (14.8)

In Equation (14.8), it is wEwonwE to note that residential land rents depend on the
absolute value of the difference m — d When residents live closer to the center than
industiies, their rents decrease with distance from the center due to two forces: commut-
ing to the center and proximity to industries. The farther from the center a resident is
located, the closer she comes to the nearest offending industry. In this case, the slope of m
residential land rents (with respect to d) is —[k, + ¥]. On the other hand, when residents
live beyond industries, these two forces act in cpposite directions; greater distance _ _ Households Industries
reduces land rents because of commuting and increases them as distance generates ; R el e it A
greater separation. In this case, the residential Jand rent gradient has a slope of [k, -yl

To make this model more realistic, we may assume that residen:ial commuting
costs are more irportant than firm shipping costs (k, > k), zs Chapter 5 demonstiated : _ 1
was :xm_.w to be the case in modern .oEmm. We also assume that the incremental wxﬁmam_- m . b distance (d)
ity cos: is large relative to commuting costs, so much so that y > [k, - k). With these )
parameters, our city has fwo land market equilibria as shown in Figure 14.2. FIGURE 14.2 Alternative locational equilibria with residential and industrial uses.
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364 The Impact of Local Governments on Real Estate Markets  Section 4

Given the difference in qm.:%o:w:o: technologies on the east and west sides and the
resulting differences in commuting costs per mile, we expect that the land rent gradient
on the east will have a diffzrent stope than the land rent gradient to the west. Let’s
explore further the east and west land rent gradients,
Beyond the development borders &, and 4, land is devoted to agricultural use that
yields a land rent, /. The land rent gradients to the east, r, and the west, r,, are:
d -d
ok (d))| E—
q
d-d,
¢

r.(d)

(14.9)
r.(d)

rtk,

From Equations (14.9), we know that lznd rents at the east and west borders of the city,
ﬁ&b and QE&. are equal. At the borders where d = d,or d=d » the second term of both
equations in (14.9) vanish and rents at both borders equal the agrienltural land rent, e

What do we know about land rents at the center of the city? In order for the land
market to be in spatial equilibrium, land rents at the center must be equal v () = r (@]
The equality of rents at the center is a key conditicn. If land rents at the center were not
equal, then a household or firm could be better off by making a slight move to the east or
west where rents are lower. In Equations (14.9), land rents are equal at the center (d)
only if total commuting expenses on the east and the west sides are equal If the per-mile
commuting costs vary because of the differences in transportation systems on the two
sides of the city, total transportation expenses can only be the same if east and west bor-
ders of the city are at different distances from the center. This distance difference must
ofiset the per-mile commuting costs variations between the east and the west. Figure 14.3
illustrates this asymmetric land market in which rents are equal at the center, and the east-
ern border is a greater distance from the center than the western border, yielding a flatter
gradient in the east.

How do the east and west land reat gradients change as more development occurs?
If the city is small, and, hence, the distance to both borders (d , 4) is short, the slope of
the east-side rent gradient would be quite flat since use of the road system would not be
sufficient to cause congestion. In this case, the city would extend to the east much farther
than to the west. As the city expands from population growth, the west-side rent gradient
shifts proportionately outward and d, increases, just as with the cities in Chapter 3. In the
east, however, more development increases road use, congestion sets in, travel speeds
fall, and the slope of the land rent gradient begins to steepen as auto commuting costs
rise. As a result, the expansicn of the east side of ths city begins to slow.'®

As d_expands and extra vehicles are added te the road system, the expense of com-
muting at any given closer location, k(d)[e, - d], increases. As one more person devel-
ops land to the east, the commuting cost per mile for all other east-side residents is made

PFor simplicity, we assume that the subway system 10 th: west and the road to the east extend beyond
the borders.
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FIGURE 14.3 Land market equilibriur with two travel modes.

worse. On the west side, where £ is fixed, this is not the case. Growth on the west side
imposes no costs on existing west-side residents.

Consider the city to be in equilitrium as illustrated in Figure 14.3. Suppose that
there is enough development on the east side so that there is some road congestion. The
spatial equilibrivr: means that no individual can improve his situation by moving. How-
ever, suppose such a move would make others better off. In this model, the overal]l wel-
fare of the city is determinzd by aggregate commuting expenditures, A city planner
examining this situation could reduce aggregate commuting expenses and improve the
city’s welfare beyond that resulting from the equilibrium in Figure 14.3, The planner con-
templates somehow moving a household from the east to the west, slightly expanding &
and reducing d, The aggregate commuting expense incurred by the city’s population will
rise by k 4 _ from the added trip on the west. In the east, one less trip will reduce aggre-
gate commuting by & (d )4, plus the savings to all the other east-side commuters who now
have one less car to contend with on the roads. The reduction in aggregate commuting
expenses on the east is greater than the increase in the west, and thus this exchange would
be in the interest of all. The household making the move is indifferent to living at either
border as implied by the original spatial equilibrium. However, all the other residests of
the east side will be better of?, S .
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368 The Impact of Local Governments on Real Estate Markets Section 4

on other commuters. The toll revenues would be rebated to all residents. The congestion
toll would force east-side commuters to pay the full costs of their travel by internalizing
the externality that arises from their commuting,

What's the impact of this toll on the land rents that commuters are willing to pay?
As shown in Figure 14.5, the increase in commuting costs as a result of the toll would
increase the stope of the land rent gradient on the east side to the point at which east-side
rents equaled west-side rents at the center. In the long run, there would be less growih on
the east side with the toll in place than there would be without the toll, so the east bound-
ary would be closer. The important point here is that with the toli, the land market would
move lo a new spatial equilibrium, with the same boundaries a; the planner’s solution.

There are alternative public interventions that also would lead to a land market
equilibrium in wkich the borders match the planner’s solution. For example, on the west

side, the city could subsidize the public transit system, reducing transit costs for com-

muters. With this reduction in commuting costs, the land rent gradient on the west side
will become flatter. With su'ficient subsidy, it can be flattened to the point where west-
side rents at the center are idzntical to those from the east. This transit subsidy solution is
also illustrated in Figure 14.5. The reduction in transit costs could take the form of either
a fare subsidy and/or an expansion of the system to provide uieconomically fast service.
The gains to city residents from this pelicy of less expensive transit for west-side resi-
dents znd less corgestion for east-side residents could exceed the cost of the taxes needed
to finance it.

Economists have long supported the implementation of congestion tolls over other
approaches to solving congestion because this mechanism solves the problem by cor-
rectly pricing road use. Other policies can be less precise in correcting the problem. In
our example, if the city instead subsidizes transit on the west side rather than charging the
congesiion toll on the east, then both the roads on the east and the subway on the west are
incorrectly priced with the possible effect of encouraging more travel. Fuel taxes
are often proposed as a method of dealing with congestion problems. But these taxes are
blunt instruments since they tax fuel whether the travel occurs on a congested urban road
or a rural uncongested road. The tax is also the same if the travel takes place during peak
congestion times or at off-peak times. Congestion tolls that vary by time and location
would force the private market to price correctly commuting by car.

The creation of congested transportation facilities is one of the most common prob-
fems in land development. The lesson of this simple example is that this congestion can
require significant public intervention. The intervention not only alters the transportition
syster: but can also redirect the entire pattern of development. Such government inter-
vention, if appropriately done, can lead to significant improvements in the quality of
urban ‘ife over that which results from an unregulated private market.

SUMMARY

In this chapter we discussed how certain econom:c goods and services are collect:vely
enjoyed by a wider community of adjacent property owners. Pablic goods like open space
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and environmentel quality cen be highly. valued by property owners, but must be provided
collectively. Individual owrers also contribute to the community environment through.
their own design and development decisions, creating additional economic externalities.

+ Individual decisions about the provision of public goods can lead to a misalloca-
tion of resources. Providing the “right” level of public services often requires
contractual arrangements, larger scale developments, or the formation of govern-
ment or quasi-goveramental organizations, Unregulated private markets generally
fail to adequately account for public goods.

In a similar manner, decisions about individual property development, such as
density, can often be detrimental or beneficial to adjacent properties, Coordinated
decisions made by a number of property owners often can lead to a better devel-
opment p.an. Such coordination, however, again requires sorme form of organiza-
tion or institutional assistance outside of private market behavior.

-

At the metropolitan level, longer-term land-use patterns also can lead to externali-
ties which the private market ignores. The noise and environmental impact of
large industrial districts or the congestion that follows new deve'opment are just
two examples. Public planning offers the potential of controlling these externali-
ties through, for example, the use of metiopolitan-wide land-uss regulations or
infrastructure fees. In principle. such policies could lead to land-use configura-
tions thatimprove urban living.
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