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The Timing Dimension of
Urban Transport Decisions*

by Fred A . Tarpley , Jr.* * and J. L. Dake* *
D ecently there has been a great deal of discussion concerning th

e

need

for “balanced ” urban transportation systems . Much o
f

this discussion

o
f
"balance ” is a result o
f

the heightening realization that no one mode and

n
o

one investment pattern can solve the growing problem o
f moving in

creasing numbers o
f people into , within , and around the urban regions . In

the past , the urban highway engineer , the transit designer , and the city
planner have each brought a background , a training , a point o

f

view , and ,

all too frequently , a commitment to a mode and a methodology which
have led to the fragmentation o

f

the urban transport system . Today , as the
crises in urban transport intensify , there is greater public and official aware
ness o

f the interrelatedness o
f

the various urban transport decisions and
the influence o

f

these decisions o
n

how the city functions .

This paper , then , treats some of the economic problems , most particularly
the problem o

f

timing , implicit in achieving the sort o
f

balanced urban trans
port mix that is sorely needed in our cities . Thus , the pricing o

f

urban
automobile trips is examined , as is the interaction between transport in

vestment decisions and pricing , on the one hand , and land -use decisions
and pricing , on the other . The social costs and benefits and the income
effect o

f transport decisions form a vital link in this chain o
f
interrelated

problems . The economies o
f

scale associated with various transport modes
are presented in relation to Atlanta , Georgia , a city in the process o

f

making basic urban transport decisions . The model thus constructed can ,

in a static sense , serve a
s
a guide for determining the proper mix o
f

urban
transport modes .

The latter part o
f

the paper utilizes the distinctions made in the static

model to examine th
e

problem o
f optimizing through time . Much o
f

the
literature o

n

urban transport decisions , particularly that relevant to rapid
transit decisions , focuses o

n the very largest cities in the nation . But those
cities approaching the need for rapid transit comprise a class ripe fo

r

con
sideration , and , as was mentioned above , Atlanta is such a city . Since
rapid transit decisions are not “now - o

r
-never ” decisions , there is a choice ,

both in form and timing , among alternative investment programs . These
choices will be presented with the aid o

f
a simplified investment model

based o
n the Atlanta experience .

PRICING AND INVESTMENT DECISIONS IN URBAN TRANSPORT

Let us begin b
y

examining the pricing and investment decisions encount
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ill
i

o
nsized i
nrelations

perform

, determined poenite

ered in developing a balanced transport mix from the static viewpoint o
f

economic theory . Later the model developed will be related to the timing

problem .

In the United States there is a predisposition to price a
s many goods as

possible b
y

the market mechanism . Even when the good is not or cannot b
e

produced in the private sector , we often tr
y

to secure cost and revenue
estimates and to ascertain what the approximate market -determined price
would b

e . Of the several functions that prices perform , the first , and the
one which is usually over -emphasized in relation to the others , is the revenue
function . The revenue function holds that only those goods and services
should be produced whose costs can be recouped by revenues from the
sale o

f

the commodity o
r

service . B
y

and large , if a good o
r

service cannot
be produced and priced in such a way a

s

to recover the cost associated
with production , there is the general presupposition that this good should
not b

e produced .

A second function o
f price is the allocating or rationing function . Econ

omists see the world a
s

one where scarce resources are matched against

almost unlimited demands for goods and services that are produced using
these resources . Given in income distribution , prices are the mechanism
by which these resources are allocated to the production o

f

particular goods

and services in relation to their contribution to production and in accord
ance with consumer demands . With a given income distribution , prices
when working properly should distribute resources to the production o

f

goods and services most wanted by consumers and ration the resulting goods

to those consumers having the greatest effective desire for them .
Prices should also perform a third function , that of encouraging the
economical use o

f goods and services produced utilizing scarce resources .

If goods or services are priced below the cost to society of producing them ,

then consumers may not economize in their use .

With these functions performed b
y

price a
s
a background , the pricing and

investment decisions leading to the “ proper ” transport mix can be examined .
Initially these decisions must be analyzed in relation to some rather extreme
assumptions . Later some of the economic and social complexities encountered
when these assumptions are not met will be discussed .

Assume , fo
r

the time being , that al
l

goods and services including urban
transport a

re

“correctly priced ” - that is , perfect competition exists and the
price o

f

the products and services is equal to the addition to total cost o
f

producing the last unit . Second , assume that the private costs truly reflect
the cost o

f providing the service and that al
l

benefits accrue only to those
buying the service , not to society a

s

a whole . Third , assume that there
are n

o

economies o
f

scale , that is , that the average cost of producing trans
port service does not decrease a

s

the quantity produced increases . Finally ,

assume a given income distribution .

Under the conditions outlined above the " proper " pricing and hence the

choice o
f

investment fo
r

transit would b
e quite simple . Transit would b
e

priced in accordance with variations in costs , with fares geared to the time

o
f

day , direction , and distance . Mass transit would b
e built when the de
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inand fo
r

transit service was sufficient to meet a
ll

costs o
f constructing and

operating the transit system . An additional unit o
f

transit service would b
e

provided a
s long a
s consumers were willing to cover the incremental costs

o
f providing the unit o
f

service . The same type of mechanism would apply

to the pricing o
f

automobile trips , with strong implications for those seeking

to achieve a balanced transport mix . Urban auto trips would b
e priced to

reflect the actual (incremental ) economic costs associated with each and
every trip , varying a

s

costs vary with direction , distance , and time o
f

day .

If , given this system o
f prices , the consumers continued to demand larger

and larger quantities o
f peak -period urban roadway capacity , then the

signal to highway authorities would be a clear one : additional capacity should

b
e provided . The problem presented to the transport planners would b
e

relatively simple : they could obtain the proper transport mix b
y

making

sure that investment decisions responded to market signals .

Unfortunately the jo
b

o
f determining the proper transport mix is com

plicated because the simplifying assumptions made above d
o not mirror

reality . In the succeeding sections we shall see how some o
f

the complexities

that exist because these simplifying assumptions are not met complicate the
job o

f developing a balanced urban transport mix .
Pricing o

f

urban automobile trips

The first assumption , that of “proper ” pricing of al
l

goods and services in

the economy , is a most heroic assumption . It can b
e argued convincingly

that very few goods are so priced and that this mispricing will , to a lesser

o
r greater extent , have a
n effect on the urban transport investment decision .

Two areas o
f mispricing affect the urban transport decision process most

directly : the pricing patterns for urban auto trips and the pricing (and
financing ) of housing . O

f

th
e

two th
e

former is of greater importance .
Much o

f

the mispricing o
f

urban auto trips is related to the costs o
f

providing urban roadway capacity , and most o
f

the distortion in the charges

used to recover these expenditures is attributable to the journey - to -work trip .
This trip is focused o

n

a certain place , the job site , and a certain time , the
customary beginning and ending o

f

the business day . This type o
f

trip

generates the morning and afternoon peaks . Wilbur Smith , a prominent con
sultant , reports o

n

a study o
f

twelve cities which shows that 34 per cent of

a
ll

home -based trips are journey - to -work trips . 1 * In Atlanta in 1965 , 27 per
cent o

f weekday trips were trips between home and work . It has been
found that the peak to off -peak ratios o

n urban expressways tend to b
e

in

the range o
f
2 . 4 to 2 . 6 to 1 . 3 In 1962 , fo
r

example , 28 per cent of the daily
use o

f Detroit ' s Lodge -Ford Expressway , 44 per cent of the use ofMemorial
Bridge in Washington , D . C . , and 2

9 per cent of the daily use o
f Congress

Street Expressway in Chicago occurred during the four peak hours . In

order to tr
y

to satisfy this demand for journey - to -work trips , public authorities
have made huge expenditures o

n

urban capacity , and this capacity is much

in excess o
f

that needed to meet the base o
r o
ff -peak -period demand fo
r

urban automobile travel .

The costs o
f constructing roadways providing greater capacity to handle

additional peak -period urban automobile trips are extremely high . One

•Footnotes will be found at the conclusion of this article .
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transportation researcher , George M . Smerk , reported in 1965 that the aver
age cost per urban mile of a four -lane interstate system highway was
$ 3,658 ,000 .5 The costs of providing capacity in the larger urban areas tend
to be much higher than in smaller urban areas. Thus , in Manhattan one
mile of urban expressway is projected to cost over one hundred million
dollars .? It must be remembered that the additional capacity is needed pri
marily fo

r

the morning and afternoon peak periods . William S . Vickrey o
f

Columbia University has illustrated the high costs o
f

adding this additional
capacity in Washington , D . C . He found that b

y
“dividing the extra cost by

the extra rush hour traffic , it turned out that fo
r

each additional car making

a daily trip that contributes to the dominant flow , [ sic ] during the peak
hour , an additional investment of $ 23 ,000 was projected . ” 8

T
o

construct a mile o
f

Boston ' s Central Artery Expressway costs some

$ 5
0 ,000 ,000 , but construction costs alone understate the economic costs of

providing this facility . For example , $ 16 ,000 ,000 worth o
f property values

was removed from the tax rolls due to land clearance needed for the express
way . This represents a tax loss o

f

over $ 1 ,000 ,000 per year . 9 Thus , it is

obvious that in addition to the actual cost or money outlay involved in

providing capacity for peak periods there are other explicit and implicit costs
attributable to the twin -peak nature o

f

urban auto -trip demand . The relevant
capacity cost concept , then , includes not only the actual money outlay in
volved in construction but should also include : ( 1 ) the loss o

f

tax revenue

from the land that has to be cleared for the additional capacity ; 10 ( 2 ) the
foregone benefits that would have been derived from any city -owned land
that is used ; ( 3 ) an implicit interest figure o

n the actual investment made ;

( 4 ) the costs o
f disrupting established businesses and communities ; ( 5 ) any

decrease in property values due to the roadway project ; and ( 6 ) the ad
ditional costs o

f

street - cleaning and traffic control due to peak -period traffic .

Thus , the cost o
f

additional urban roadway capacity that exists primarily to

meet peak -period demand is quite large , especially when all the subsidiary
costs are added to the construction cost figures .

Urban auto trips are not mispriced , however , just because public costs
are high : they are mispriced because the prices paid d

o not reflect the costs

o
f providing the service . User charges in the form o
f

taxes o
n gasoline ,

autos , and to a lesser extent o
n tires and other automobile equipment are the

closest approximation to a price charged for providing roadway capacity . A
s

prices , user charges suffer from the weakness that , since they are imposed b
y

the state and federal governments , automobile trip charges are almost exactly
the same for peak and o

ff -peak use , for major - flow and minor - flow directions ,

and fo
r

urban and rural trips . Gasoline and tire consumption are poor
estimators o

f

the costs o
f providing the capacity o
n which the consumption

takes place . It can thus be concluded that user charges d
o not reflect the

costs o
f

a
n
y

particular trip , since they are a price based o
n average costs .

There is some doubt a
s

to whether nationwide user charges cover the
overall expenditures made for highways , streets , and roads , both rural and
urban . 11 There is less doubt , however , concerning the fact that cities spend
more o

n facilities and services than they receive from highway user charges ,

including federal and state grants . In 1961 , when the 4
3 largest cities in the

United States spent $678 ,000 ,000 o
n facilities and services for motor vehicles ,
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highway user receipts including state and federal grants totaled only $307,
000 ,000 . Thus , receipts were only 45 per cent of expenditures . 12 Professor
Tillo E . Kuhn of UCLA concluded after studying several actual and proposed
urban freeways that in no case d

id revenues from user charges earned b
y

travel over the freeways cover the total costs o
f providing the freeways . 18

Even if total user charges did cover the total cost o
f providing urban

road capacity , problems would still exist in the pricing o
f

the urban auto
mobile trip , primarily because present prices are based o

n average cost
and , as discussed earlier , do not take into account the peak , off -peak nature

o
f

these trips . If present user charges were generating enough revenue to

cover completely the total cost o
f producing additional capacity , the third

function o
f price would still b
e

violated , that is , the function o
f economizing

in the use o
f scarce resources . It is undoubtedly true that peak -period users

are subsidized , even o
n freeways with unusually balanced traffic flows and

even when extremely conservative costing assumptions are made for the
assignment o

f peak -hour costs per vehicle mile . 14 Dr . Lyle C . Fitch , Director

o
f

the Institute o
f

Public Administration , has found the costs of accommodat
ing peak -hour traffic to b

e

between two and three times a
s

much a
s for

the o
ff -peak periods . 16

The second function o
f

price , the rationing o
r allocating function , is also

violated , again because o
f

the failure o
f

the pricing system to recognize the
Peak , off -peak nature o

f

urban automobile trips . That prices are too low
for peak periods and , thus , capacity is insufficient can be illustrated in n

o

better way than b
y

looking a
t

the problems o
f congestion during peak

periods . In the case o
f

any commodity o
r

service , when price is set a
t

a
n

artificially low level excess demand will occur . Congestion , then , is a
n

excess demand for urban automobile trips .

Congestion should encourage transport planners to examine the entire
urban transport system . They must recognize that auto congestion may be

a signal for more roadway capacity o
r

for investment in a
n alternative trans

port mode , or that it may simply b
e

the inevitable result o
f mispricing urban

automobile trips , a condition , then , that must b
e

endured until such time

a
s additional investment becomes economically justifiable . As in the previously

cited case o
f

Washington , D . C . , where the cost o
f

increasing capacity was
found to b

e
$ 2
3 ,000 per vehicle , automatic investment in additional capacity

can b
e extremely costly . 16 The allocating o
r rationing function o
f price may

b
e inoperable to the extent that peak -period congestion moves highway

authorities automatically to increase urban road capacity . The result of such

a
n automatic response is an imbalance ( or further imbalance ) in the urban

transport system .

Land use and pricing

Urban trips a
re only occasionally taken in and o
f themselves . With the

exception o
f
a pleasure ride , most urban trips are undertaken in relation to

some consumption o
r production activity . Since these trips are actually

desired “ linkages ” between and among residences , businesses , and cultural ,

educational and recreational facilities , they are directly related to the land
use patterns of the community . Land -use patterns are not only functions o
f

existing urban transport patterns and modes , but are also sources generating
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demand for modal changes . There is a real question , for example , as to
whether high concentrations of population and employment must be in exist
ence before the establishment of rapid transit or whether the construction of
a rapid transit line in an area will create the necessary market for rapid
transit service . 17 There can be little doubt that in the Atlanta case many
land-use decisions were directly related to the planning and building of the
urban expressway system ; in fact, much of the development along the ex
pressway preceded the completion of the system .18 Again , it will be re
membered that these decisions were based on a system of pricing urban
automobile trips which did not truly reflect the costs of providing the service .
Thus , it was not surprising that parts of the expressway system were ex
ceeding designed maximum capacity by some 22 per cent at peak periods

even before the expressway system was completed .19
" Incorrect” pricing in terms of urban land use is not limited to the pric
ing of automobile trips , however . The pricing of residential dwellings has
also been subject to some inequities . Post -World War II policies of the
Federal Housing Administration and the Veterans Administration favored
suburban construction where large lots were available and actually made it
almost impossible fo

r

loans underwritten b
y

these two agencies to finance
construction o

f

the types o
f housing normally produced in the cities . 20 The

loan policies o
f government agencies during the 1950 ' s also tended to retard

o
r

a
t

least not encourage the building o
f

multi -unit dwellings . For example ,

only 8 . 5 per cent o
f

all housing starts in 1955 were multiple -dwelling -unit
construction . 21 Fortunately , the government and financial communities are
becoming much more responsive to the needs of cities , in terms of both
single - family and multiple -unit dwellings . This can b

e

illustrated in Atlanta
where there has been a large boom in apartment construction in recent years ,

and where it is estimated that apartment construction will comprise some 3
5

per cent o
f
a
ll dwelling starts between 1961 and 1983 . 22 Thus , mispricing o
f

urban auto trips is compounded b
y

loan policies which encourage migra
tion to the suburbs . The result o

f

this process is a land -use pattern o
f

low

density geared to a
n

auto -dominated expressway transportation system .

Private and social costs and benefits o
f

urban transport decisions

One o
f

the simplifying assumptions made above was that a
ll private costs

fully reflect the costs to society o
f providing the service , and that al
l

the
benefits o

f

the service accrue to the individual utilizing the service . In reality
we find that this is far from true .

Under a
n auto -dominated transportation system , stores , office buildings ,

and industrial plants are often faced with the necessity o
f dedicating e
x

tremely expensive land to parking facilities fo
r

customers and employees

who arrive b
y

auto . Often this service is provided a
t

n
o

cost o
r

a
t

less

than the fully allocated cost o
f providing this service . Yet to the extent

that customers and employees use mass transit , employers and merchanls
can reduce the number of expensive parking facilities needed .

These facts were expressly recognized in Chicago in 1962 when a plant
which had moved to the suburbs desired the extension o

f

transit service to

the plant site . The Chicago Transit Authority found that there was insuffi
cient patronage to cover the costs o
f providing service . The plant , however ,
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revenues a
n
d

afternoon co
st
to th
e

plant
wasidize

transit ri
d
e
s

to no
n

u
se
d

th
is

se
d

afternoon
Pressengers

p
e
r

a
m
it

authority

th
a
t
itentered into a
n agreement with the transit authority that it would guarantee

revenues equal to 30 passengers per trip if service were extended . Three
morning and afternoon trips were provided , and o

n

the average 133 riders

used this service . The cost to th
e

plant was $ 288 . 50 per month . 23

That this company was willing to subsidize transit rides for employees
indicates that transit service can and does provide benefits to non -users o

f

the service , in this case the industrial plant . The amount o
f

the transit
subsidy was offset in whole or in part b

y
a reduction in the subsidy in the

form o
f parking places fo
r

workers arriving by automobile . It is also true
that transit service to a plant site expands the labor market available to

the firm to include those who d
o not drive .

Congestion is another area in which the costs to the private individual
do not represent the costs o

f society a
s
a whole . The private costs facing the

individual driver a
s he enters a
n urban roadway a
t
a time when the effective

capacity o
f

the roadway is being fully utilized are the money , time , and
psychic costs o

f making the trip . But the continued addition o
f

automobiles
when capacity is fully utilized has the effect o

f reducing the "product " o
f

the urban roadway , in this case the number o
f

cars that can b
e

carried in

a given period o
f time . 24 The entrance o
f additional automobiles increases

the time , money , and psychic expenditures o
f

automobile drivers already

o
n

the roadway . The appropriate costs would , thus , recognize the effect of

additional automobiles o
n users already o
n the roadway , whereas the private

costs take into consideration only the costs incurred by the driver entering

the roadway . 25 To the extent that a mass transit system diverts peak -period
users to itself and away from expressways operating in excess o

f

their
designed capacity , the car -carrying ability o

f

the expressway is increased ,

and the time , money , and psychic costs associated with auto trips are re
duced .

Some o
f the benefits o
f transport investment ca
n

b
e

estimated explicitly .
The Georgia State Highway Department and the U . S . Bureau o

f Public
Roads in 1962 conducted both a home interview " origin and destination
study ” and a screen - line count . From these studies they arrived a

t

diversion
rates fo

r

the proposed Atlanta rapid transit system . Projections were made

o
n the basis o
f

these figures u
p

to the year 1983 , after appropriate assump
tions were made concerning the fare and level o

f

service for rapid transit . 26

It was found in 1962 that o
f

the fourteen major corridors in Atlanta , seven
were operating in excess o

f designed capacity during the morning and
afternoon peaks . The study projected chaotic results b

y

1983 if the city did
not change the 1962 urban transport mix , i . e . , an auto -dominant expressway
system supplemented b

y
a privately operated bus system . On almost a
ll

o
f

the corridors , demand for automobile trips would outstrip foreseeable in
creases in capacity . Indeed , in several corridors the extent of the excess de
mand over capacity would equal o

r

exceed two to one . 27

Data from the above -mentioned study were used to calculate some o
f

the economic benefits o
f

the diversion o
f
a percentage o
f

the journey - to -work
trips to mass transit . Insurance premiums are less when a person does not
use his automobile to commute to work . These savings range from $ 5 to $ 1

5

per driver per year . A very conservative estimate for the overall insurance
saving is in the nature o
f
$ 150 ,000 . Additionally , any reduction in auto
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mobile trips would bring about a reduction in automobile accidents . The
cost of automobile accidents was estimated at $ 2,000 for each million ve
hicle miles. A conservative estimate of the savings due to diversion from
automobiles to mass transit would be $160 ,000 a year , not including the real
savings in money and human resources which accrue when fatalities and
injuries a

re reduced . 28 The greatest savings would b
e

in terms o
f

travel
time , for both highway and transit users . The total average saving per day
was estimated to b

e

2
3 ,400 man -hours . Even if the very nominal rate o
f

$ 0 . 85 per man -hour is used , this means a yearly saving o
f

almost five million
dollars . This figure makes n

o

allowances for savings in time b
y

those using
public transit during off -peak periods and savings in time for truck drivers .

If these latter are included , the annual savings due to reduction in travel
time can be extremely conservatively estimated in the neighborhood o

f
6 - 1 / 2

million dollars per year . 29

Other benefits and costs related to transport investment a
re a
s evident as

some o
f

the foregoing , but are much less easily estimated . For example ,

tremendous concentrations o
f

automobile traffic during peak periods o
f

the
day have a

s b
y
-products greater noise and a
ir pollution , which can impose

upon society certain real costs . An estimated 8
7 per cent of the smog

in Los Angeles results from automobile traffic fumes . 30 That noise has dis
utility and does impose costs against other members o

f

society is indicated

b
y

the increased use o
f

noise -abatement materials in urban construction .

T
o

the extent that improved transit diverts patronage away from urban auto
mobile trips , these costs will b

e reduced .

There are also other important but less easily recognized costs associated
with the imposition o

f

additional roadway capacity o
n the geography o
f

cities . Often huge expressway projects act a
s ribbons o
f

concrete which
Balkanize the urban landscape into isolated islands with very limited channels
for egress and ingress . The construction o

f

additional urban roadway ca
pacity often brings about the dissolution o

f

urban communities and the busi
ness centers which serve these communities . The physical costs of this process
are usually included in the construction costs o

f

the urban roadway ; the
social costs , the dismemberment o

f

social and business organizations , are
seldom fully compensated for . Many cities have experienced what becomes

a vicious circle when established neighborhoods are displaced to provide
urban roadway capacity for commuters who live in the expanding suburbs .

The people who are displaced b
y

the new roadway often add to the flight

to the suburbs (which is , among other things , a flight away from the city

tax rolls ) and , in turn , generate the need fo
r

additional roadway capacity .

Thus in Atlanta much opposition has developed to a proposed expressway
which will dissect the prosperous Morningside area . Residents claim that it

will ruin the community , disrupt established social patterns , deny local busi
nessmen much o

f

their normal trade area , and lower property values .

The effect o
f transport investment decisions o
n the less tangible but im

portant social systems o
f

the urban area must be considered in determining

the proper transport system for the area .

The complexity o
f

developing a balanced urban transport system is illus
trated b
y

the fact that the demand for transport is a function o
f

land use

and that land use itself is in part a function o
f transportation patterns and
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modes. Population , employment , land uses, and transportation are so intri
cately intertwined that they are inseparable , and a significant change in
any one of these factors will affect the others . As was mentioned previously ,
a large number of residential , commercial , and industrial developments have
already taken place in response to the construction of the Atlanta express
way system . In fact, many of these developments preceded the completion
of the system in anticipation of the effects of its completion . The same type

o
f response could b
e expected to the development of a mass transit system :

the transit system could become a tool in determining the nature and form

o
f

the city . 31

If the transport mode can and does affect the developmental and land -use
patterns o

f

the city , then the urban highway engineer and the transit
planner are partially responsible for answering the question o

f what type

o
f

city we should have . The answer to this last question is o
f

utmost import
ance , not only to the economic and social efficiency o

f

the urban area , but
also to the quality o

f

human life in the area . If , for example , additional
investment in urban expressway capacity increases urban sprawl and the

" shotgun ” pattern o
f development that is typical o
fmany metropolitan areas ,

then the social and private costs associated with this type o
f development

should b
e weighed b
y

the decision -makers . If , on the other hand , rapid
transit leads to high -density modal developments in the proximity o

f

transit
stations and this type o

f development is more efficient to serve in terms of

providing public services , then the benefits o
f

this developmental pattern

should be included in the data weighed b
y

the decision -making authorities .

Foremost among the social costs and benefits that must b
e

considered in

determining the proper urban transport mix a
re the city -determining aspects

o
f transport decisions .

Income effects o
f

transport decisions

In the model this paper presents for determining the proper investment
policy fo

r

urban transport , the assumption was made that the distribution

o
f

income was given . The determination o
f

the “ proper ” income distribu
tion is a value judgment and a

s

such is beyond the purview o
f

this paper .

It is obvious that the pricing and quality o
f
a publicly consumed service

such a
s transit will have marked effects o
n the real incomes o
f individuals

within a community .

It is important to note that despite the rapid increase in car ownership

in the postwar period , there are some individuals within the community for
whom the alternative o

f

automobile trips does not exist . In 1960 , 54 per
cent o

f

the households with annual incomes of less than $ 2 ,000 did not own

a
n automobile and 4
3 per cent o
f the households where the head o
f

the
household was over 6

5 years o
f

age d
id not own a
n automobile . It was

also found that whereas 7
8 per cent o
f

the households in the United States

a
s

a whole owned automobiles in that year , the figure for households in

urban communities with a population o
f

over 250 ,000 was only 6
3 per cent . 32

It has been pointed out that in the mid -1950 ' s the majority o
f urban

dwelling women could not even drive a car . 33 Thus , women , the elderly ,

and the poor often constitute almost captive customers o
f

the public transit
system without the alternative o
f using the private automobile to make urban

trips . An increase in the quality and amount o
f public transit should haveo
fusing th
e

p
e
r

customers

o
f

th
e
m , the elderly
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the effect of redistributing income in favor of low - income groups. A quality
transit system may also increase the number of jobs available to low
income groups residing in the central city .

Economies of scale in urban transport

In striving to achieve a balanced urban transit mix , transportation plan
ners must perforce be interested in the relationship between the cost of the
investment and the capacity of the investment to produce urban trips . More
specifically , they should be interested in how costs vary as additional trips
are demanded and provided . In economics this concept is called “ economies
of scale .” Thus , a discussion of the economies of scale of various modes of
urban transport is in order at this point. This discussion will be suggestive
rather than exhaustive .

In terms of its ability to produce a large number of trips in a short period

o
f

time , rail transit is unexcelled . Estimates o
f

the number o
f passengers that

can b
e

carried per hour b
y

ten - ca
r

rapid transit trains operating o
n ninety

second headways are from 3
6 ,000 to 4
8 ,000 people per track . By using

larger than normal -sized trains and b
y

increasing the loading standard , even
higher figures can be obtained , in the neighborhood o

f

7
2 ,000 passengers

per hour . 34 The IND division o
f

the New York Subways System has
experienced loads o

f

6
0 ,000 o
r

more passengers per peak hour per track . 35

One o
f

the advantages o
f

rail rapid transit is the fact that even a
t relatively

low levels o
f output , it can cover operating costs including the amortization

o
f rolling stock . In Cleveland , for example , this was accomplished with a

maximum peak -period load o
f

7200 passengers per track . Additional loads
can b

e

accommodated by purchasing more rolling stock , increasing the length

o
f

trains , and decreasing the headways or the time elapsed between trains .

All of this can b
e accomplished without having to produce additional road

bed capacity and b
y

making only minor adjustments in the size o
f loading

platforms and automatic train -control systems .

Economies o
f

scale similarly pertain to operating motor coaches o
n grade

separated busways . A single -lane busway , freed from the interference o
f

other vehicular traffic , can , on a non - stop basis , handle 850 buses per hour ,

seating more than 4
0 ,000 passengers . 36 If stops are allowed o
n

the busway

corridor itself , then this capacity may b
e

reduced to the level o
f
9 ,000 to

1
3 ,500 passengers per hour . But the provision o
f
a by -pass lane and several

loading points a
t

each bus stop can greatly increase this capacity . 37 In

Atlanta a proposed bus system operating o
n

it
s own grade - separated busway

with off -busway collection and distribution may provide a
n

estimated peak
period capacity o

f

1
5 ,000 to 2
0 ,000 passengers per hour . 38 Rapid busways

mass transit also claims a large degree o
f flexibility in that additional trips

can b
e produced b
y

the same alternatives available to rapid rail transit
that is , increasing the number of buses operating , decreasing the headways
between buses , or increasing the loading standards . Once the grade
separated busway is in existence , additional trips can b

e generated b
y pur

chasing additional rolling stock and with minor outlays for increasing the
size o

f

pick - u
p

and distribution points . Thus , it can b
e

seen that in the
case o

f

both rail rapid transit and buses operated o
n exclusive grade

separated busways , additional trips can b
e generated with relatively modest

increases in investment and operating costs .

probs

a
t

e
a
chhour .Buity m
a
y

b
estops handle
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In contrast to the economies of scale encountered with rail rapid transit
and urban busways , there are indications that urban roadway capacity can
be increased only by incurring more than proportional increases in construc
tion costs. Fitch commented after conducting an extensive study for the
U .S. Department of Commerce and the Housing and Home Finance Agency
that “actual observation indicates the wider an urban roadway , the greater
the cost per land mile .”89 He explains these higher costs primarily by the
fact that wider roads tend to occur in more densely settled areas , that
right-of-way acquisition costs rise as the width of the roadway increases ,
and that the cost of intersections and access tend to increase in geometric

proportion to the width of the roadway .40 This observation is consistent
with the data on construction costs presented earlier . The designed capacity
for an expressway lane , the highest rate of movement without congestion , is
in the neighborhood of 1200 to 1700 automobiles per lane per hour. The
absolute capacity of an expressway lane has found to be approximately 2000
vehicles per lane per hour. Given the typical loading standard for auto
mobiles of 1.5 at peak periods, the capacity of an expressway lane is in the
range of from 1800 to 3000 people per hour depending upon local circum
stances and expressway design features .41 In Atlanta , fo

r

example , the de
signed capacity per lane for the North Expressway is 1500 vehicles per

hour . 42

Thus , from the above discussion we can conclude that th
e

per -lane o
r

per -rail carrying capacity for grade -separated bus operations and rail transit
much exceeds the carrying capacity o

f

a
n expressway lane , and in addition

that economies o
f

scale obtain for the first two transport modes , u
p

to very
large numbers o

f passengers carried . The economies o
f

scale associated with
mass rail and grade -separated bus urban transport and the diseconomies o

f

scale associated with increasing expressway capacity must be recognized b
y

urban transport planners and public decision -making authorities whose re
sponsibility it is to provide urban areas with a balanced transportation system .

to mring
Commithe

metropoat
without

Caplanes in th
e

The Atlanta case

In Atlanta it was recognized a
s early a
s 1953 when the expressway net

work was being built , that the si
x expressways and downtown connector

supplemented b
y
a circumferential expressway system would b
e

insufficient

to meet projected traffic needs . In 1959 the Atlanta Region Metropolitan
Planning Commission , representing the City o

f

Atlanta and the five county
governments in the metropolitan area , concluded in it

s
“ Crosstown and By

Pass Expressways “ study that without rapid transit , b
y

1970 Atlanta would
need a

n estimated 120 radial expressway lanes including a 28 -lane down
town connector . 43 B

y only 1958 th
e

north le
g

o
f

the expressway system ,

which has si
x

lanes , had sufficient traffic to justify ten additional lanes . 44 It

is inconceivable that city planners would even consider carving out of the
core o

f

the city 120 expressway lanes , 28 o
f

them comprising a downtown
connector . In 1965 it was estimated that the average cost per urban mile
for a four - lane interstate system was $ 3 ,658 ,000 . 45 In 1960 the Atlanta
Kegion Metropolitan Planning Commission estimated the cost of a si

x
-lane

expressway a
t
$ 6 ,000 ,000 per mile . 46 This would mean that the needed 120

expressway lanes would cost $ 120 , 000 , 000 per mile , not even including
the special costs associated with the connector . Even if the construction o
f
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sufficient expressway capacity would not decimate the city , there can be no
question but that Atlanta could not afford the expressway alternative .

It is apparent, then , that the Atlanta Region Metropolitan Planning
Commission had to explore turning to rapid transit to help solve Atlanta 's
inounting transport problem . One can also understand the involvement of
various other agencies : the City of Atlanta , the counties in the Atlanta metro
politan area , the privately owned Atlanta Transit System , interested business
organizations , and th

e

State o
f Georgia .

Plans for attacking the transport problem have developed along two lines .

First , the General Assembly o
f

the State o
f Georgia set u
p

the Metropolitan

Atlanta Rapid Transit Authority (MARTA ) . This authority has been study
ing costs and engineering problems o

f
a rail -based rapid transit system . They

see a completed system o
f

some 64 . 9 miles , including 4
3 . 8 built a
t grade ,

much o
f

it utilizing redundant right - of -way o
f

the railroads which bisect
the central Atlanta area ; 14 . 3 miles of aerial structures ; and 6 . 8 miles of

subway structures . This system would b
e built over a period o
f

some 1
6

years with the initial 21 miles in operation b
y

1976 , some 3
0 miles in

operation b
y

1978 , 37 miles b
y

1980 , 54 miles b
y

1983 , and the completed
system b

y

1985 . The total cost estimate based o
n 1967 prices is $ 421 ,000 ,000 .

This figure includes a
ll

costs o
f

structures , stations , track , utility relocation ,

electrification , train control , yards and shops , and right - o
f
-way , plus allow

ances for engineering and contingencies ; but no allowance is made fo
r

in

flation . MARTA plans to finance this system through additions to the prop
erty tax in the five - county area and hopefully with the a

id o
f

some federal
grants . 47

The second plan which has been proposed to help alleviate Atlanta ' s

urban transport problem is the plan proposed b
y

the Atlanta Transit System .

Pointing to the long delays experienced b
y

other cities building rail rapid
transit , the Atlanta Transit System proposes a

s

a
n

interim solution a rapid
busways system consisting o

f

five radial grade -separated bus lanes in a net
work o

f

6
7 miles . The total cost o
f the proposed system , which could b
e

made operational in a period o
f

from three to four years , is $52 , 185 ,000 . Of
this figure , some $ 22 ,000 ,000 represents construction costs o

f

the busway ,

with the remaining $ 3
0 ,000 ,000 allocable to right - o
f
-way acquisitions . 48 The

busway , however , plans to utilize primarily the same redundant rail lines
which would b

e

utilized b
y

the rail rapid transit system . Thus , the $ 30 ,

000 ,000 spent o
n right - o
f
-way acquisitions to put the busway into operation

would b
e

a
n initial investment in terms o
f right - of -way costs for the rail

rapid transit system . A commanding feature o
f the rapid busway proposal is

that it offers the possibility of having a relatively high - capacity mass transit
system in a relatively short period o

f time and allows the land -use patterns

based o
n transport improvement to begin much sooner .

The decision rule

Under th
e

simplifying assumptions made originally , the investment deci
sion a

s

to the proper transport mix would b
e

a
n easy one : additional in

vestment in capacity would be made in each mode a
s long a
s consumers

were willing to pay the addition to costs o
f providing that capacity . We

found , however , that since user charges did not transmit the nature and
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extent of cost variations implicit in providing urban automobile trips, trans
portation planners could not automatically respond to increases in demand
for roadway capacity . The interrelatedness of land use and transportation
decisions and certain financing practices in this area reinforces this con
clusion .

We also found that the benefits and costs associated with providing addi
tional capacity did not accrue to and were not borne solely by those directly
utilizing the facility . The costs and benefits should be identified and , where
possible , their values estimated . In some cases , real social costs and benefits
can be identified but are difficult to quantify . Foremost among this latter
group is the influence transport decisions have on the shape of the city .
In this case it would appear proper to use transport investment as a tool
in “ shaping the type of city which will best serve the needs of it

s

citizens ,

rather than subverting city functions because o
f improper transport planning .

It was also found that in the general case and for Atlanta specifically ,

economies o
f

scale characterize mass transit forms , whereas diseconomies

o
f

scale are likely when additional roadway capacity is provided . How
costs vary when the need arises to produce more transport service is o

f

prime importance to the transport planner .

Thus the simple decision rule presented earlier must b
e

broadened to

take into account the complexities we have discussed . Given present pricing
forms for urban automobile trips , the relationship between transport invest
ment and land -use patterns , and the nature and extent o

f
economies o

f

scale

in urban transport , additional transport investment in any mode should b
e

made when the increased benefits from the investment ( to whomever they
derive ) exceed the costs of making the investment ( to whomever these costs
accrue ) . Those benefits and costs that cannot be quantified must therefore

a
t

least b
e explicitly recognized . In the next section the timing dimension o
f

alternative investment decisions will be discussed .

PLANNING , STRUCTURE AND TIME

The first portion o
f

this paper has developed a static economic model
for the consideration o

f

urban transport investments . It has discussed some

o
f

the important and difficult problems to be faced in defining the costs

and benefits o
f

such investments . These problems usually require much
data to initially define the system being analyzed . It is then necessary to

estimate from these data and projected data the needs of the urban trans
port system . It is the problem o

f meeting these needs over time that we
are concerned with here : What alternative investments should be made and
when ?

Although it is helpful to analyze the alternatives , to construct a rapid
transit rail system o

r not to construct a rapid transit rail system , these are
not really the viable alternatives for the urban planner . Urban transport in

vestments are not “now - or -never " decisions . 49 The urban framework is

dynamic , and therefore the when o
f capital investment decisions becomes

very important . Despite much lip service paid to dynamic decision -making ,

we nevertheless often make only static , now - or -never comparisons of alterna
tives . The analysis presented here describes two types o
f timing problems
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vos

confronting th
e

urban transportation planner and proposes models fo
r

analyz
ing these two problems .

The postponement o
f implementation

In some o
f the early analyses performed relative to a rapid transit rail

system fo
r

Atlanta , the question seemingly asked was the static one :

Ioes Atlanta need this system now ? Many smaller cities are now reaching
the point at which Atlanta found herself in the late 1950 ' s and should b

e

planning fo
r

th
e

time when they will need to make large -scale expenditures .

When the timing question is considered , the one very narrow alternative
implement rapid rail transit - generates a large number o

f possible actions
within itself . The real options are : implement rapid transit now , vs . 1 year
hence , vs . 2 years hence , etc . For example , using a 20 -year planning horizon ,

it is possible to consider alternatives

X
io , Xin , Xi2 , . . . , Xi20 ,

where X
it

is th
e

decision to implement plan i in th
e

year t . This type of

decision faces the urban planner because many o
f

the factors determining

the urban environment change with time . There a
re real costs and benefits

associated with postponing the implementation o
f

transit alternatives . If the
implementation o

f

a
n alternative is delayed , land -use patterns change , the

volume o
f transportation demand shifts geographically and changes in mag

nitude , the real cost of right - of -way (ROW ) may rise , and economic bene

fi
ts derived from earlier implementation are lost . On the other hand , the

resources may be used during the delay period to derive other benefits .

With respect to ROW , fo
r

instance , a multi -million -dollar building , the Life

o
f Georgia Building , has been constructed in Atlanta o
n the ROW that

was originally proposed for rapid transit . This is only one simple example o
f

how cost structures are altered and even whole alternatives discarded o
r

radically changed .

The decision makers ' postponement decision is based o
n :

( 1 ) the opportunity gains from postponement

( 2 ) the cost of continuing the present facilities

( 3 ) the change in the cost o
f implementation

( 4 ) the benefits lost b
y

postponement

( 5 ) the change in salvage value a
t

the end o
f

th
e

planning horizon .

These incremental changes must b
e weighed b
y

the planner in making th
e

timing decision .

The model presented in word form above is presented mathematically in

Appendix A and employs the net present value criterion for investment

decision -making .

This timing model emphasizes the quantitative results o
f project delay

through time . It is a planning logic that growing metropolitan areas may u
se

to analyze when capital investments in transport facilities should b
e under
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taken , based on their estimates of the input parameters . As outlined in the
first part of this paper , inputs necessary in such a decision do include some
very difficult estimates and assumptions , but by employing such a model
and using a computer , the urban planner is better able to see the effects of
these estimates and assumptions through a sensitivity analysis performed

with the computerized model .

In some instances the effects of project delay may be positive and in other
instances negative . Explicit consideration of timing allows planners to more
forcefully point out the results of delay . It also allows urban areas pressed
for resources to examine timing delays so that much -needed funds will not
be committed too early and thus other opportunities lost.

Again as was pointed out previously , there may be other results of
project delay that are difficult to quantify , but these may be stated and
weighed against changes in quantitative results . For instance , some delay
may enable the project to take advantage of improved technology . The main
point , however , is that time is an important variable in aligning urban in
vestment priorities.

The interim -action model

The model presented above implicitly assumes that during the period of
project delay the existing facilities will be operated and maintained . How
ever, other interim actions often exist which require new investment and
operating costs that may precede the installation of a large rapid transit rail
system .

As an example , again consider the Atlanta situation . Due to the very
large transport demand it seems feasible to consider some action other than
attempting to maintain existing facilities to meet this transport demand be
fore a rail rapid transit system is implemented . In the particular case of
Atlanta , as presented above, a rapid busways proposal has been offered .

Such proposals for interim action can be most efficiently carried out if
they are analyzed as a portion of a total alternative including both the
interim action and the system proposed to follow this interim action . This
type of alternative will be referred to as a compound alternative .

For example , expenditures for ROW , structures , etc ., may not seem justi
fied when attributed solely to an interim action , but higher initial expendi
tures may be the most efficient when analyzed as part of a compound pro
ject. On the other hand , a city having a great demand for it

s resources in

areas other than transport may find postponing large capital outlays and
accepting a less capital - intensive interim action to b

e more effective .

The model formulated below illustrates the relationships that should b
e

considered and points out some important aspects o
f the decision problem .

The analysis o
f compound alternatives is more complicated because they

have more decision variables . The time dimensions o
f

the compound alterna
tive a

re illustrated in Figure 1 .

The figure above shows graphically the interrelated decisions the planner

must make . The notation used in Figure 1 is defined a
s follows :
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kalka2II b2

FIGURE 1 Compound Alternative Planning Horizon

= th
e

length o
f

the planning horizon being considered ;

a
y

= the length o
f

time necessary to implement an interim measure A ;

a
z
= the length o
f

time which the interim measure will be operated ;

b
y

= th
e

length o
f

time necessary to implement the second action ( B ) ;

b
2
= th
e

length o
f time in th
e

planning horizon during which action

B will be operated .

Note particularly that actions A and B a
re made u
p

o
f

two time periods .

The real costs over time associated with implementing this compound alter
native will b

e

considered a
s

a function o
f

the length o
f

time a
n . The longer

a
y

becomes , the more capital - intensive the interim action A . This method

o
f defining cost and benefit structures simply points out that for each " gen

eral ” compound alternative i , made up o
f

actions A and B , there may b
e
a

number o
f

different expenditure patterns to accomplish the alternative . The
urban planner must decide how capital - intensive action A will b

e

and how
long action A will be operated . These choices then determine b , and b

y

fo
r

the follow - on action B . The planner must weigh the value o
f

increasing the
scale o

r capital intensity o
f

his interim actions . If he does not do so , then

h
e

is certainly suboptimizing over his planning horizon . Indeed this type

o
f

analysis requires some very difficult decisions and extensive calculations .

For every a , ( scale variable ) chosen , the operation period a
y

must b
e

determined , but with computers many o
f

these calculations can b
e

carried

out in a very short period o
f

time . Formulating alternatives and specifying
cost structures is difficult , but such action provides a great deal of informa
tion for the planner who must meet long -range problems and b

e prepared

fo
r

longer lead times o
n highly capital -intensive projects a
n
d

actions . "

Long -range planning data and analysis , as complex a
s

it may b
e , does

provide a city and it
s population with projections they may use in making

their decisions , and thereby helps determine city patterns . That the city
determining aspects o

f

transport decisions are often explicitly recognized

can be exemplified b
y
a statement made in a recent Atlanta regional trans

portation study : “New patterns o
f living for people within the Atlanta

region will emerge upon the completion o
f
a rapid transit system - or even

in anticipation o
f

such a system . Such a system will demand and create a
n

efficient grouping o
f

residences and commercial and employment centers . ” 50

Long -range planning and well conceived interim action enables the com
munity to form these anticipations and , thus , work toward future benefits .

The interim -action model has been described only generally here and is

more formally presented in Appendix B .

fo
r

longer "ieplanner
who b

u
t

such action

SUMMARY

The first part o
f

this paper presents a basic static model developing the
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economics of urban transport investment decisions, giving special attention
to the pricing of urban auto trips, the difference between public and private
costs and benefits , and the economies of scale of various transport modes . The
model emphasizes the relationship between transport investment decisions
and land -use decisions .

Later sections treat time as a dimension in securing the proper transport
mix . Two models have been presented for the explicit consideration of the
quantitative costs and benefits of transport decisions . These long-range plan
ning models are particularly concerned with exploring the timing of trans
port investment : When should a plan be implemented and how does an
interim action affect the over - al

l

efficiency o
f
a compound alternative ? These

are th
e

questions being investigated .

It is not the position o
f

this paper that such analyses are simple matters .

Transport decisions are seldom made , nor should they b
e , on the basis

o
f

the quantitative comparison o
f

two numbers . However , these quantitative
aspects can b

e

used b
y

the planner to establish the possible tradeoffs between

the quantitative and qualitative aspects o
f

various transport plans .
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APPENDIX A

The Effect of Project Timing

A mathematical statement o
f

the project delay model based o
n the net

present value (NPV ) criterion is :
t = h tek A

( 1 + r ) t ( 1 + r ) t ( 1 + r ) t - 1

+ . C
it

+ S ( k ) in

( 1 + r ) + ( 1 + r ) h

where th
e

variables a
re defined a
s

follows :

i = The įt
h project or alternative

t = The time period

k = The point in time a
t which the project is implemented

h = The number of time periods in the planning horizon

r = The discount rate
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NPV1 (k ) = Net present value of project i if implemented at time k .

B
it
= Benefits derived from project i in the time period t .

C ( k ) it = Costs o
f

implementing and operating project i in time pe
riod t if project i is implemented a

t point k in time .

Cit = Costs o
f continuing the present conditions .

S ( k ) ih = Salvage value o
f project i at the end of the planning horizon

if project i is undertaken a
t point k in time .

The deterministic model presented above uses a finite time horizon h and

assumes discrete cost and benefit flows . The investment analyst would com
pare NPV ; ( k + 1 ) with NPVi ( k ) .

In the model above a
ll

flows are assumed to occur at the end o
f

the rele
vant time period .

If NPVi ( k + 1 ) – NPVi ( k ) > 0 then the project should b
e delayed .

IF NPVi ( k + 1 ) - NPV : ( k ) < 0 then th
e

project should b
e

undertaken

a
t
t = k .

APPENDIX B

The Interim Action Model

A mathematical statement o
f

the interim action model described in the

text , based o
n

the net present value investment criterion , is :

t = h t = aitan t = h

NPV ( a
y , ay ) i = £ , B ( aq , az ) it – E , CA ( az ) it - £
t = aitan -bi

( 1 + r ) + ( 1 + r )

tai

t = h t =hl

+ £ C
it

+ I S
A ( aq , an ) it + SB ( a , az ) |

t = l , t = 1 ( 1 + r ) + ( 1 + r ) t

( 1 + r ) t

where the variables are defined a
s follows :

i = The it
h general compound alternative

t = Time period

h = Length o
f

the planning horizon ( h = a + a
2

+ b
2
)

= Length o
f

time necessary to implement interim action A

(used here a
s
a measure o
f

scale fo
r

action A )

a
g

= Length o
f

time interim action A will be operated

b
i
= Length o
f time necessary to implement the follow - on action
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b2 = Length of time in the planning horizon during which action
B will be operated

r = Discount rate .
NPV (a ,,a ,) i = The net present value of alternative i if implemented in

length of time a, and operated for a time ag

B ( aq,az)it = The benefits derived from alternative i in period t given a ,
and az

CA (az) ti = The cost structure of interim action A given ay

CB(az)t = The cost structure of follow -on action B given az

Cit = The costs of continuing the present facilities

SA ( a,,a ) it = The salvage value of interim action A taken in period t,
given a, and a2

SB (aq,az) it = The salvage value of follow -on action B taken in period t,
given a , and an

The deterministic model presented above employs a finite planning horizon
h and assumes discrete cost and benefit flows . Note that the functional rela
tionships are defined in terms of a , and a2. This results from the assumption
that decisions determining a, and a, determine bı and by for a given com
pound alternative .

The analyst must determine the scale of action A and decide how long

action A should be operated . Denote possible a , by ajj where j is an integer
and possible a , by azz where z is an integer . Given an ais the analyst must
first compare NPV (aj,a2z ) , for each possible z , thereby locating an optimum
operating period for a given scale ajj. This procedure is continued for each
possible ajj and then a comparison of the optimum for each ajj can be made
to determine an overall optimum .


