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MARKETS AND EFFICIENT RESOURCE
ALLOCATION IN URBAN AREAS?

Edwin S. Mills

Princeton University, Princeton, N.J., USA

Summary

The purpose of the paper is to put forward a model in which it is possible to analyze
the efficiency of market resource allocation in urban areas. The model is a linear
programming formulation in which the various activities by which goods can be
produced are interpreted to represent production with different land intensities, or
buildings of different heights. The urban area produces predetermined amounts of
a finite number of goods to be exported from the urban area, and housing for the
urban area’s workers. The model determines the optimum loecation of production
of each unit of each export good and of housing in the urban area. It also determines
the optimum amounts of resources to be devoted to the urban area’s transportation
system and the optimum amount of congestion.

The paper concludes by a demonstration that correct pricing of the transportation
system is the key to efficient resource allocation by markets and it provides a
measure of the loss of welfare from improper pricing of transportation facilities.

Introduction

Despite the obvious and great practical importance of the subject, relatively
little is known about the efficiency of market resource allocation in a spatial
context. Careful formal analysis of the problem dates from an important paper
by Koopmans and Beckmann in 1957 [3]. They analyzed a quadratic assign-
ment model in which a fixed number of activities is to be assigned to a fixed
number of locations so as to maximize total net revenue from the activities.
Net revenue consists of gross revenue, associated with the assignment of
particular activities to particular locations, minus the cost of transporting
predetermined amounts of output between pairs of activities. They show that
competitive markets cannot sustain an efficient assignment of activities to
locations in their model.

Models published subsequently tend to be oriented either toward planning
or market analysis, but there has been little work in which the two problems
are related.

A growing literature, mostly the work of operations researchers, has analysed
spatial planning problems, referred to as location-allocation problems. A careful

* The research reported in this paper was supported by a grant to Princeton University
from Resources for the Future.
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Markets and Efficient Resource Allocation in Urban Areas 101

survey has been published by Scott [6]. The common characteristic of such
models is that locations must be chosen for a set of activities and then a pattern
of shipments among the activities and possibly other locations must be estab-
lished. Potential locations may be discrete or continuous and a variety of
assumptions may be made about alternative origins, destinations and routes
of shipments. Most models make strong assumptions about indivisibility of
activities. Efficient solutions are difficult to compute in many such models and
a variety of heuristic algorithms has been put forward. Both the context and
the examples used make it clear that the interests of authors of location-alloca-
tion models are in planning rather than market analysis, and most of the spatial
relationships are not specifically those of an urban area. Common interpreta-
tions are the location of a set of branch factories or warehouses with which a
corporation can supply a system of national markets. Most authors do not raise
the issue whether market or other decentralized decision making procedures
could achieve or sustain an efficient location-allocation pattern.

A second set of models, specifically urban in character, has been formulated
to analyze the spatial patterns of activities that result from decentralized
markets. Many of these models are descendents of that published by Lowry in
1964 [4]. A recent survey is by Goldner [2]. Such models derive the urban
spatial patterns from conditions of supply and demand, profit and utility
maximization, and market equilibrium. Most models involve simultaneous
relationships and significant nonlinearities. As with the planning models,
numerical solution is often difficult and expensive. Whereas the optimization
models have no market interpretation, the market-oriented models contain no
optimality criteria. Most are either too complex or inadequately articulated to
permit determination of whether market solutions are efficient and, if not, what
kind of intervention would be best to ensure efficiency. The situation is para-
doxical because most of the market-oriented models are formulated to guide
public sector planning for future urban growth.

The present paper has two purposes. The first purpose is to further the state
of the art of urban model building by showing how models can be constructed
that not only are solvable when formulated in realistic detail, but also have
both market and planning interpretations. The second purpose is to formulate
in detail an urban model designed to shed light on what is widely believed to be
one of the most important sources of inefficiency in urban areas, namely im-
proper pricing and resource allocation in the urban transportation system.
The model formulated in the next section is designed to make it possible to
compute, at least approximately, the loss of welfare from improper pricing and
resource allocation in the urban transportation system. Within the framework
of the model, it is also possible to show what form of public intervention would
enable decentralized markets to allocate resources efficiently. In the final
section of the paper, some suggestions are made as to how the model can be
modified and generalized to study other possible reasons for inefficiency.
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102  Edwin S. Mills
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A linear programming model of an efficient urban system

The model developed here is designed to show that urban phenomena often
thought to involve important nonlinearities can nevertheless be formulated
within a linear programming framework. Specifically, attention is concentrated
on congestion and the capital-land substitution by which the intensity of urban
land use is determined. The advantages of the linear programming framework
are of course that powerful computational techniques are available and that
well known theorems about dual solutions provide hints concerning the effi-
ciency of market resource allocation.

The spatial representation of the urban area is shown in the figure. The land
surface available for urban use is divided into a rectangular grid. It is assumed
that all goods imported into and exported from the urban area pass through a
predetermined point, such as a harbor or railhead, and the point is placed at
the center of the square designeatd (0.0). This square will become the center
of the urban area. The assumption is unrealistic in that large and increasing
amounts of goods are shipped by road directly between activities in various
suburban locations and points outside the urban area. Although the assumption
can be modified, it is not yet clear what modification is most realistic yet does
not excessively complicate the model. Numbering the squares as shown, each
square can be designated by the ordered pair (i, §), i, 7= 10, 1, 2 ... The size
of a square is of course arbitrary. In empirical work it would depend on the
detail desired, data limitations, and the cost and capacity of available comput-
ing equipment.

Assumptions will be introduced below that imply that the same kinds and
amounts of activities take place in all the squares that are a given travel
distance from the city center. Considerable complication is avoided if it is
assumed that the transportation system is designed to move traffic only in the
north, south, east and west directions and through the center of each square.
Then the distance that must be traveled between the center of (1, j) and the
city center at the center of (0,0) is

du=|ﬂ+|ﬁ

Swed. J. of Economics 1972

This content downloaded from
132.174.249.27 on Mon, 29 Apr 2024 12:59:26 +00:00
Alluse subject to https://about jstor.org/terms



Markets and Efficient Resource Allocation in Urban Areas 103

The obvious alternative assumption is that trips to the city center are made by
straight line travel, in which case distance would be d;;=(:%+7%)"%. Both
assumptions are approximations, but the assumption of straight line travel
makes the model much more complex. The number S, of squares that are u
squares from the center is

1 u=0
S“h{éu u=1,2...

It is assumed that # commodities are produced in the city. A predetermined
amount Z,, r=1, 2, ..., F—1, of the rth good must be produced in the city and
shipped to the center for export. The 7th good is housing for the city’s workers
and is not exported.

Inputs in the production of export goods include a single kind each of labor,
land and capital. These inputs are supplied competitively to the city. The
required workers can be attracted to the city at a fixed wage rate w plus the
cost of their housing and commuting. Capital is produced on a national market
and is available to the city in unlimited quantity at a fixed rental rate R per
unit. As much land as is needed can be obtained by extending the edge of the
urban area further from the center. Land is available at a fixed rental rate R,
per square (e.g. its agricultural rental). In what follows, % is the maximum
number of squares from the edge of the city to the center. It need only be
chosen large enough to contain at least as much land as is used for urban
purposes.

The technology of produection is that each of the 7 outputs can be produced
by & activities. A set of input-output coefficients a,, is specific to the sth
activity, where a,, is the amount of input ¢ required per unit of output r using
activity s, and

1 labor .o 1,2,...,7—1 export goods
¢=12 land F housing services
3 capital s=1,2,....5 activities

The specific interest in this paper is capital-land substitution, which deter-
mines the intensity of urban land use. Thus, the sth activity is thought of as
the production of one unit of output in an s-story building.! Then the land
coefficient should be small for large values of s, since less land is required for a
10-story building in which a unit of output can be produced than for a five-story
building in which the same output can be produced. Capital coefficients,
however, are large for large values of s, since more capital is needed for a ten-
than for a five-story building, if each is designed so that a unit of output can
be produced in it. Then unit production costs will increase or decrease with

1 I am indebted toc Robert Dennis for this way of representing the technology, which
replaces my clumsier formulation in terms of production on specific floors.
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104 Edwin S. Mills

building height depending on the precise relationships among the input-output
coefficients and on relative factor prices. Labor input-output coefficients may
also vary with building height. More labor is needed per unit of output in a tall
building because a great deal of time must be spent in vertical commuting.
However, the model does not require any specific pattern of labor coefficients
for various activities.

This representation of technology permits the introduction of economies or
diseconomies from spatial concentration of economic activity within a linear
programming framework. Although 7 is given from outside the model, § need
only be chosen to exceed the number of floors in the tallest building that is
economical in the city in question. §, like @, need only be chosen so that certain
constraints introduced below are not binding. The programming technology
employed here is an approximation in that it ignores the incomplete divisibility
of buildings. If 10 units of a commodity can be produced in a 5-story building
of modest cross-sectional dimensions, it may not be possible to produce one
unit of the commodity in a 5-story building that uses one-tenth the capital,
land and labor of the larger building. The possibility of sharing walls permits
an economy from increasing the number of rooms per floor in small buildings.
This causes inaccuracy in the model only if the output of a commodity is small
relative to the output produced in a building of minimum efficient cross-
sectional dimensions. In such cases, the inaccuracy can be avoided by the
addition of integer constraints on certain variables in the programming model.

In addition to land, capital and labor, inputs that are imported from outside
the urban area may also be required in the production of the #—1 export goods.
In this model it must be assumed that imported inputs per unit of output of a
particular commodity are the same regardless of the activity used. Then all that
is required is the interpretation of transportation costs introduced below to
include costs of transporting required imported inputs as well as exports.

It is assumed that one unit of housing is needed per worker. Like export
goods, it can be produced in buildings with a variety of numbers of stories.
Of course, the pattern of input-output coefficients for housing of different
numbers of stories need not be the same as those for export goods production.
For example, conventions or rules regarding the amound of uncovered land
around houses can be incorporated in the input-output coefficients. Export
goods produced in the city are assumed neither to be inputs in housing produe-
tion nor to be consumed by local workers and their families. This assumption,
which appears in many urban models in which it seems to be inessential, permits
a very simple representation of the transportation pattern in the present model.
Goods and services produced in the urban area for local consumption can be
included in the model by interpretting housing consumption to include locally
produced consumer goods and services. Then the housing input-output coeffi-
cients must include input requirements for such local consumption goods and
services.
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Markets and Efficient Resource Allocation in Urban Areas 105

The production variables in the model are amounts of the 7 goods produced
by various activities in various parts of the city. z,,(#) represents the output per
square of commodity r in s-story buildings % squares from the center. These vari-
ables must satisfy the following inequalities:

ZZ‘im’m(u)‘l‘Zﬂ’n(O)?fr r=1,...,7—1 (1}
gg duxy,(u)+ 2-%7. (0)= Zg% dua,,,,,(u)+ ZZ @yrs %y (0) (2)

Unless otherwise indicated, output sums are over integers 1 to 7, activity sums
over 1 to 3, input sums over 1 to 3, and location sums over 1 to 4. Inequalities
(1) ensure that total production of good r is at least the amount that must be
exported. (2) ensures that housing production is at least sufficient to house the
city’'s workers.

Wherever units of export goods are produced, imported inputs must be
shipped from the city center to the square where production takes place and
export goods must be shipped to the city center for export. Likewise, workers
must commute between their homes and places of work. 7',(u), r=1, ..., 7—1,
is the number of units of commodity r that must be shipped through each
square u squares from the center. Below, the costs of such shipment will be
defined to include the cost of shipping the required imported inputs as well as
the export good. T7(u) is the number of workers who commute through each
square % squares from the center. The various commodities and commuters
make different demands on the transportation system, and it is assumed that
the total demand on the transportation system in each square u squares from
the center can be represented by T'(u), where

Tw)=>¢tT.(w) w=01,..,4% (3)

The numbers ¢, depend on the mode or mix of modes employed in the trans-
portation system. At the end of the paper, generalization of the model to include
modal choice is discussed, but the present model includes only a single set of
coefficients, which pertain to a particular mode or set of modes. Within that
framework, there is a choice of units for 7'(z). For example, it would be possible
to put &7 =1, in which case ¢, would represent the demand placed on the system
by a one-square shipment of commodity r and its required imported inputs
relative to a one-square round trip of a commuter.

Since all units of export goods must be shipped to the city center, all units
produced further than u squares from the center must be shipped through one
of the squares u squares from the center. The transportation system will be used
efficiently only if the same amount of a particular commodity is shipped
through each of the squares a given distance from the center. Therefore, we
must have
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106 Edwin S. Mills

1 vt r ’ = 1:“-1 7!
T*"""’=a["’3"1§, S 4u -’frs(H)—%284’!61-‘”(“)—;%{0}] s e @
Tr(0]=%[ir_zxrs(o}]_i“izxn{o) T=l,.,..f—l [5)

The square bracket in (4) is the total number of units of good r produced more
than u squares from the center. Production in squares u squares from the center
is divided by one-half since, on the assumption that production is distributed
uniformly through the square, the average unit is shipped half way through
the square in which it is produced. There are 4u squares that are u squares from
the center, so 1/4u of the total goes through each square. (5) says that all the
units produced outside (0. 0) must be shipped halfway through (0. 0) whereas the
average unit produced in (0. 0) is shipped one-fourth of the way through the
square.

The assumptions made above imply that workers do not commute away from
the city center on their way to work in an efficient spatial pattern in the city.
To see this, suppose the contrary. Suppose that a set of workers lived u squares
from the center and worked #'>wu squares from the center. Then, without
changing the activities used in housing or goods production, total costs of the
city would be reduced if the workers’ residences and their places of work were
interchanged. After the interchange, the workers would still commute the same
distance, although in the opposite direction, and the distance the goods must
be shipped would decrease by %’ —u squares. The interchange should continue
until either all the goods production or all the workers have been moved,
whichever first exhausts the available land. In either case, outward commuting
will cease.

This assumption has the important and realistic implication that residences
are more suburbanized than production in an efficient city. It means that
T;(u) can be written

1 ﬂ_l r r r
150 =5 | S 540 (Stn) ~ 250 + E (120

— rs (O]} + %Z}”ff?nrﬁu(ﬂ) - -T?s(ﬂ))] u= 1: ooyl {ﬁ)
T5(0)= i%(gam% (0) — 75 (0)) (7)
T:(w)=0 u=0,1,...,4 (8)

(6) and (7) say that commuting through squares u squares from the center
equals the excess of employment over housing in squares closer to the city
center. (8) prohibits outward commuting. Explicit non-negativity conditions
are unnecessary for 7', (u) in (4), since non-negativity is ensured by the fact
that (1) will be satisfied as an equality in an optimum city.
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Markels and Efficient Resource Allocation in Urban Areas 107

Cost

T(w)

The technology of the transportation system is that the capacity of the
transportation network in a given square depends on the resources devoted to
transportation in that square, but that varying amounts of traffic can use the
system depending on the congestion level that is tolerated. Considerable atten-
tion has been devoted to the issue of how travel time and travel cost vary with
traffic level in a given transportation system. Although there is considerable
disagreement as to the precise form of the function, all writers agree that cost
per passenger mile or per ton mile varies with traffic in the way shown in the
figure. Until traffic reaches a certain level, which can be referred to as the
capacity of the system, travel cost per unit of travel is independent of the traffic
volume. At volumes beyond the system’s capacity, average speed decreases
and travel cost increases, mainly because of increases in time spent traveling.
The average cost curve rises at an increasing rate, implying that marginal cost
to all travelers of an extra traveler exceeds average cost. Indeed, this fact is
the basis of the resource misallocation that results from improper pricing of
congestion costs [7].

In this paper the marginal cost funetion is approximated by a step function,
as shown in the figure. Within a square, each congestion level is the same width,
which depends on the resources devoted to the transportation system. Other-
wise, no specific assumption is made about the shape of the cost function except
that ¢, >¢,_y, k=2, ..., k. Specifically, there may be several congestion levels at
which no congestion occurs. k need only be chosen sufficiently large that the
congestion level it represents is not reached. Total transportation cost per
square u squares from the center is then

c{u)=%ckT“"(u) u=0,1,...,4% (9)

where T (u) is total traffic at congestion level k per square u squares from the
center. (9) can be made as accurate an approximation as is desired by choosing
a sufficiently narrow width for each congestion level. ¢(u) includes vehicle costs
and time costs of travel, but not the cost of the fixed capital and land resources
devoted to the transportation system. They are included separately in the
criterion function.
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108 Edwin S. Mills

It is assumed that the capacity of the transportation system at a given
congestion level is proportional to the land and capital resources devoted to
transportation in each square. Then we can write by T7”(u) and by TV (u) for the
land and capital requirements for the transportation system in each square at
a distance « from the center. b, and b; are the land and capital input-output
coefficients. The description of the transportation system is completed by the
requirements

ST®w)=>Tu) u=0,1,..,4 (10)
k
and
k=1 k-1
) k+1) senes
TPw>T"2 ) 01 a (th

(10) simply says that enough congestion levels must be used to meet total
transportation demand. (11) is necessary to prevent the computer from trying
to use relatively high congestion levels without using the first level, to avoid the
land and capital requirements of the transportation system. A labor input
could be included in transportation, but has been excluded because most labor,
at least in systems dominated by the automobile, is supplied by users and its
cost is included in (9).
The final constraints that the allocation of resources must satisfy are

2. 2.8y Ty (u) + 0, TP (W) <1 w=0,1,...,% (12)

which ensure that land use for production and transportation does not exceed
that available in any square.

An efficient allocation of resources in the city is one that minimizes the cost
of the required production and transportation. This can be expressed as

minZ=R[3 35 4y, 7 (0) + 3 3 by 0
+ bajngﬂ’{u) +b,7%(0)] + R, [g;g»gmm Z, (1)
2.2 8y, Ty (0) + by 2. 4uT O w) + 5, T (0)] - (13)
+w[2 23 4uay, 2, (0) + 3 3,010, 71y (0)]

- égiucki"m(u) + %c,,.’i"*’{o}

subject to (1)-(12) and nonnegativity of z,,(x) and 7*® (u). If, as an approxima-
tion, labor input requirements were assumed to be the same for all activities in
the production of a given commodity, the last square bracket in (13) would be
a constant and could be dropped.
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Markets and Efficient Resource Allocation in Urban Areas 109

Minimization of (13) subject to (1)—(12) is of course a conventional linear
programming problem and can be solved with commonly available computer
programs. The dimensions of the problem depend on the size and complexity of
the city and on the detail with which it is represented. Equations (3), (4), (5),
(6), (7) and (9) define left hand variables that are computationally inessential.
The variables that completely define resource allocation in the city are the
,(u) and 7™ (u). There are (% +1)(75+ k) such variables, not including slack
variables used for computational purposes. The inequalities these variables
must satisfy are (1), (2), (8), (10), (11) and (12). The total number of inequalities
is 7+ (@ +1)(k+2), not including non-negativity conditions on the variables.

These dimensions are remarkably modest for what appear to be plausible
magnitudes in the system. To illustrate, consider a city similar to one for which
some preliminary computations have been undertaken. The city had a popula-
tion of about one million, or a labor force of about 300 000. Typical U.S. metro-
politan areas of that size have an area of about 250 square miles. If each square
in the model is one square mile, % is about 11. Suppose, as is also realistic in
many U.S. cities of that size, that the tallest building in the city is about 15
stories. Suppose, in addition, that there are 10 export goods and five congestion
levels. Then the total number of inequalities in the model is less than 100 and
the total number of variables is less than 2 000.

Characteristics of an efficient city

The solution of the model provides a complete description of the kinds, amounts
and techniques of production and the amount of transportation in each square.
For planning purposes, the entire list of variables would be needed. But
economists are normally interested in summary statistics which can be used
to compare an efficient city with actual cities. Summary statistics are desirable
not only because it is hard to grasp the overall pattern implied by many
hundreds of variables, but also because such detailed data are not available for
comparison with most existing cities.

Only preliminary computations have so far been undertaken with the model,
and they will be reported only briefly here. The computations used parameters
thought to be realistic for a typical U.S. city of about one million people where
reasonably accurate parameter values were easily available. Otherwise, para-
meter values were permitted to vary over broad ranges. The computations were
performed for a city with only one export good.

Two extreme patterns bracket the solutions of the model. At one extreme,
employment equals housing production in each square, so there is no com-
muting. At the other extreme, all the land close to the center is used for
production of the export good and transportation, whereas all the land further
from the center is used for housing and transportation. The second extreme
results in a great deal of commuting, but relatively little goods shipment. The
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110 Edwin S. Mills

solution went from one extreme to the other in response to relatively small
shifts in the capital input-output coefficients and the transportation coefficients
t,. Presumably, there would be a tendency for a mixed location pattern in a city
with several export goods.

The pattern of optimum congestion was relatively insensitive to parameter
changes. In most solutions, transportation cost per ton- or passenger-mile at
the city center was about five times as large as at the edge of the city. Con-
gestion falls off rapidly near the city center, and levels off about half way to the
edge of the city. It is clear that a considerable amount of congestion is efficient
at least near the centers of large cities.

The best measure of overall intensity of land use is the capital-land ratio.
It is very large near the center, representing a concentration of 10-15 story
buildings. It falls off rapidly near the center and is nearly constant toward the
edge of the city. It is interesting that the linear programming technology can
generate a relatively complex pattern of capital-land substitution within the
urban area.

Finally, the dual variables corresponding to inequalities (12) in the model
can be interpretted as shadow prices or market rental rates of land. At the
center of the city, this variable was 50 or 100 times as large as R,. Again, it fell
rapidly near the center and leveled off toward the edge of the city. Of course,
the shadow price of land becomes zero in the closest squares to the center that
are not completely occupied.

Market resource allocation in the city

The usual results about the relationship between linear programming and
market efficiency apply to the model presented in this paper [1, Chs. 13, 14].
Specifically, the solution of the dual problem provides a set of competitive
prices which will induce profit maximizing firms to allocate resources efficiently
in the urban area. Thus, whether markets allocate resources efficiently in an
urban area depends on whether there are institutional, technical or other rea-
sons that prevent realization of the competitive solution.

Probably no one would contend that private firms can construct and price an
efficient urban transportation system. The entire system must be integrated
and coordinated and a firm with the power to do so would have considerable
monopoly control. Thus, public sector intervention is required to construct an
optimum transportation system and to set optimum prices for its use. The price
charged for the use of the transportation system in each square should be the
marginal cost, including congestion cost at the optimum level of congestion, of
an extra unit of transportation. Two questions arise here. First, can public
officials plan an optimum system and compute efficient prices? Second is there
a feasible way to meter the use of the transportation system and collect efficient
prices, even if they are known? I have nothing to add to the debate on these
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Markets and Efficient Resource Allocation in Urban Areas 111

questions except the observation that the collection of efficient prices is clearly
much easier in a public transit system, such as buses or subways, than in an
automobile system.

The view taken here is that if the public sector could plan and price an urban
transportation system efficiently, there is nothing in the model that suggests
that competition would not induce profit-seeking firms to allocate resources
efficiently in the urban area. The basic decision unit in the model is the building
and it must of course be planned by a single decision making unit. But there
appears to be no reason why competition among building and land owners
would not produce efficient resource allocation. In urban areas of even modest
size there is enough land at about the same distance from the center that sub-
stantial monopoly power seems unlikely. The only exception might be land
that is very close to the center, of which there is relatively little. In the U.S.,
there is little evidence about concentrations of ownership of land very close to
city centers.

It is widely believed that urban transportation is pervasively underpriced in
the U.S. in that no charges are made for marginal congestion costs. This is
almost certainly true of road pricing and is probably true, although to a lesser
extent, of public transit pricing. The loss of welfare from inadequate pricing of
the transportation system is measured not just by excessive congestion that
may result, but also by distortions in the locations of housing and production
that may result from attempts to avoid congestion and by distortions in the
allocation of resources to the transportation system. For example, many U.S.
economists and city planners believe that U.S. cities have decentralized exces-
sively since World War II in part because of attempts to avoid excessive
congestion by suburbanization. It should be mentioned that in the special case
in which ¢; = ... = ¢z in (9), the transportation system is not subject to congestion
and no pricing problem exists.

A modification of the model presented above makes it possible to compute
the resource misallocation and loss of welfare resulting from inadequate pricing
of the transportation system. The natural assumption to make is that the
transportation system is priced at average rather than marginal social cost.
In the U.S., the assumption is approximately realistic. Automobile users pay
gasoline taxes that cover the cost of resources used in urban road construction,
and vehicle users pay vehicle and average time costs of their travel. Public
transit users pay fares that approximate their share of right-of-way costs and
vehicle costs, and transit riders bear average time costs [5]. The accuracy of
these assertions is subject to dispute, but at least average cost pricing is the
policy that would be followed to enable the transportation system to pay its
way, but without regard for congestion costs.

Average cost transportation prices can be computed in the model as follows.
Start with the optimum set of land uses and transportation, as computed from
the programming model. Call it the initial pattern of land use and transporta-

8 — 724815 Swedish Journal of Economice No. 1 1972 Swed. J. of Economics 1972

This content downloaded from
132.174.249.27 on Mon, 29 Apr 2024 12:59:26 +00:00
Alluse subject to https://about jstor.org/terms



112 Edwin S. Mills

tion. Then the average cost price of transporting a unit of commodity r in a
square at u 1s

P C R Y
pr(u)‘-t,T,w) r=1,...,7 (14)

plus the cost of the land and capital resources used for transportation in each
square at u, similarly allocated among the types of transportation. But these
resource costs need not be shown explicitly in (14), since they will not vary in
the following iteration. In (14), ¢*(z) and 7*(z) are computed from (3) and (9),
given the initial pattern of land use and transportation. Then solve the pro-
gramming problem using, not (13), but a modified criterion function in which
transportation is valued at prices p, (u) instead of at its correct value, and
holding constant the allocation of land and capital resources to transportation
at their values in the initial pattern. That solution will produce a new pattern
of resource allocation and hence new values of ¢(«) and T'(u). These can be used
in (14) to compute new values of the p,(«) and the modified criterion function
can be minimized again. If this iterative procedure is repeated, it will presum-
ably converge. If so, the result will be a pattern of resource allocation that is
optimum given the improper pricing of the transportation system and given
the allocation of land and capital resources to transportation. The resource
allocation resulting from the iterative procedure is one that profit seeking firms
will be induced to achieve given the transportation pricing. It will be an equi-
librium allocation in that, given transportation prices, resources are allocated
in the best way possible and it yields the given transportation prices. The
loss of welfare resulting from improper transportation pricing is the difference
between the value of (13) at the end of the iterative procedure and its value
in the efficient pattern of resource allocation. These computations are rather
cumbersome and have not yet been performed.

In the iterative procedure, the allocation of land and capital resources to
transportation has been held constant at its optimum level. An interesting
question to ask is how the public sector might make resource allocation decisions
in transportation given the improper pricing scheme. A conjecture is that they
might allocate to the transportation system whatever resources fares and user
fees could pay for. If so, it would be possible, with further computations, to
compute the resulting transportation resource misallocation and loss of welfare.
If the transportation system is improperly priced, market land rents will
presumably not reflect the opportunity cost of land use for transportation, and
an inappropriate land allocation to transportation will result.

Extensions and modifications of the model

There are a number of ways in which the model can be extended or modified
to make it more realistic or to include additional problems. Some changes
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merely complicate the calculations, whereas others require basic reformulation
of the model.

The most obvious modification is to fix certain land uses outside the model.
As it stands, the model is long run and adjustment times may be extremely
long when construction and demolition of buildings are involved. Over realistic
planning horizons, many land uses are fixed by historical development in
existing cities. The model can easily accomodate existing land uses simply by
setting the appropriate x,,(u) and resulting transportation demands as constants
and striking out appropriate inequalities. Indeed, only increased computational
complexity restrains the introduction of restrictions that are specific to partic-
ular squares. The entire model can be reformulated with each square identified
rather than grouping all the squares a given distance from the center. The effect
on the dimensions of the model is roughly to replace @ by 1+ 24 (i +1), the
number of squares in the city.

An interesting extension of the model would be the introduction of alterna-
tive transportation modes. Specific sets of input-output coefficients are relevant
for each mode of urban transportation such as automobiles, trucks, buses and
subways. With information about the coefficients, the model could be extended
to ascertain the mode or mix of modes that was most efficient for cities of
particular sizes and other characteristics.

The model can be extended, in mostly obvious ways, to compute the effects
of a variety of public policies such as zoning, real estate taxation and building
height limitations.

The conceptually most desirable extension of the model would be to permit
produced goods to be inputs in the production of other goods and to be locally
consumed, as well as being exported. This would destroy the simple transporta-
tion pattern in the model discussed here, and would require more sophisticated
formulation. Further complication would be introduced by permitting export
goods to be exported from the city directly from various suburban locations,
presumably by road, as well as being shipped through the city center.
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