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M\  Statement of the Problem:
., =g
Eiz . You are a cost-benefit analyst just assigned to ths staff of the recently

appointed Chancellor of a new University of California campus which is
in the planning stages. Since it will be in a rursl area, some 50% of
the student body will.live on campus in University hcusing, but the

; balance of the students, the faculty, and the staff are expected to be
| living in a moderate sized town of Modero nsarky. The Chancellor has
asked you to recommend the optimum method of getting the persomnel
living in towm to and from the campus. He is able to give you the fol-
lowing facts:

1. -Since the campus will be built to relieve greatly overcrowded con-
ditions at the existing campuses, it will rzach psak enrollment very
quickly through rs-directions and transfers; hsnce vltimate capa-
cities must be programmsd and built for initially.

. Pesk enrollment will be 30,000.

. Peak faculty size will b= 4,000.

2
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4. Peak staff size will bs 4,000.

5, The town of lodero is 15 miles from campus.

6. Aporoximately 50% olf the students will commute or dssire to park on
campus.

7. Surveys have shown that 25% of the faculty end staff intend to drive
to and from the campus regardless of other potential arrangemants.

8. Considering studénts and clsrical staff without cars, the resultant
car-pooling, ete., it is sstimated that private aubtomobiles when
driven from town to the campus average 1.39 passengers each.

9. The University's policy is to provide no reservad parking space for
those driving {cther than for 2 very few ssnior persomnel and
visitors, all of whom have begen provided for separately), but to
assure at a 99% confidence level that adsquate parking space is
available for thosz who do drive,

BEST Copp RVAILARBLE

10. After all otker uses have been mel there ars 32 unused acres of
land on the campus site availsble for a parking. facility.
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1l University policy is %c¢ have nc more than 27% laﬁd Ls°/coverage.
12. University policy restricts'building helghts to 8 stories or less.

13. Land for the campus site was purchased at a cost of $1.5 mllllon
per acre.

14, Additional land adjacent to the campus could be parchased at a
cost of $1.3 million per acre.

15. ZLocal building codes and University construction standerds require
high-rise type comstruction (neavier Toundations, multiple elevators,
full air conditioning, secondary pewer sources, reinforced
structural skeleton, etc.) for buildings over L stories.

16. The University's own funds when invested earn 5% (or alternatively,
it costs the University 5% to borrow).

17. In a series of preliminary analyses a consulting firm has
considered a lsrge number of alternative schemes., Possibilities
such as relocating the campus, building a housing development
adjacent to the campus, helicopter service, monorails, rapid
transit systems, moving sidewalks, sub-surface parking, etc. were
all considered aznd rejected for specific policy reasons,
because of grrat technical difficulties, or for obviously
excessive costs. Conseguently, the number of visble distinct
alternatives has been reduced to three: (a) surface parking; .
(b) parking structures; (c) contractusl bus service.

Assignment

In working this problem you zre not expe=cted to do 2ll of the computa-
tions, Rather the emphasis is on structuring the problem; asking the
right kinds of questions, and suggesting what calculations need o

be made., A "staff analyst" in each working group will be prepared

to give the answers to all pertinent gquestions and to perform or give
the answersto all relsvant calculations., These requests must be
specific and reesonzbly detailed. In some cases, in the interests of
time and practicality, certain possibilities may have to be ‘
arbitrarily excluded. This problem is intended as a teaching device.
in vhich methodology and approach znd & limited number of concepts

are the crucial p01nts; hence scme 51mp11f1cai10ns and exclusions have
had tn be mzde.
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The Pzrking Problem

This hypothetical problem has been designed in such a way as tc maximize
its usefulness as a teaching device. Because of time limitations, some
real world considerations end possibilities have been arbitrarily (but
consciously) eliminated. Though these would be important in a real

- analysis, they are not necessary in the current problem since the purpose
of this exercise is primazrily to demonstrate some cof the techmiques
employed in e typical cost-benefit enalysis. Accordingly, this im no
way detracts from its usefulness a3 a teaching device. B

Cost-benefit analysis can serve a voriety of decision-making purposes,
dealing with both broadly or narrowly defined problems (i.e., high level
or low level ophbimizaticns).

In the problem at hand, the role of the amalysis appears to be quite
straightforward. The problem to be solved hag besn fully struchured
beforehand with a single, unambiguous goal: there are a given nuber of
people in the University community who will be living at some distance
from the campus and who will reguire some means of getting from their
homes to the campus and back.

This particular esnzlysis lends iitself well to quantificetion, but it
should be carefully noted that this is not always the case.

The problem is also, in a sense; @ self-contained one. It is unnecessary
in this analysis to compare the costs and benefits of allocating resources
to this venture, with elternative experditures on litraries, faculties,
ete. Because there are few othar programs which could in any way substi-
tute for this one, and thess are not prsctical (e.g., a new town could
not easily be trl% adjacent to the campus), the problem assumes the
character of an independent objective.

Most other expenditures of University funds do not fall into this category
snd in analyzing these other programs, it would be desiraeble to compare
costs and benefits of pariicular programs with other re.ated ones.
Nevertheless; in the exawpls &% hand, & very wide range of sub-choices

is availsble within which to meet the overall objective of providing
transportation to and from the canpus. -

Since the particular program %o be anslyzed is obviously a necessary one
if the educationsal goals of the csmpus are to be reslized, the scope of
the analysis is readily and narrowly defined. The problem is simply to
- choose that method which achieves the specified goal of getting the people
to and from the campus with the lezst experditure of University resources.

Even at this simple level of =nalysis, however, two general aspects of
the procedurs must bz carefully roted. Both relste to costs.
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First, in spesking of expenditures of resources, or costs, the question
of costs to whom must be considered. Does the University wish to minimize
" only its own costs,; or also the costs to the membars of the University
community and/or the costs to the town? The least cost method to the

University may not be the least cost method for the other involved groups.

Second,; costs other than direct ocut-of-pocket ones must be considered.
When University lanl is used for say, a parking lot, the cost is not
simply the expznditure for its construction and maintenance. Another
important’ fact is that the land for the parking lot will not be availsble
for alternative uses. If opportunities to purchase additional land ave
limited, this is a serious opportunlty cost to the University.

As the subsequent analysis will indicate; cosi-benefit analysis does not
merely list in isolation the possible alternative ‘metheds of ach1ev1ng
the stated objective, and then choose that diztinct method which reaches
the objective at the least direcht cost. It takes explicitly into
account unguantifiables, uncertainties, snrd spill-over (or side) effects.
Furthermore, even in the formal quantitative work, it takes a broader
view; analyzing the verious alternatives in conjunction with each other,
so that the best "mix" of alternatives can be chosem. In order to do
this, it is necessary to do more than comsider Jjust the average crst

of each of the particular alternatives. Though the concept of average
cost is an important one, excluzive reliance on it tends to obscure
important relations which,; if recognized, can lead to a more efficient
utilizstion of resources.

Cost functions can assume & vaviety of shapes through their relevant
ranges., Cost-benefit analysis, by =mploying the "marginal cost" concept
(to be explained shortly) concemtrates atbention on the different portions
of the various cost furctions, allowing the sunalyst to rscognize the
possibility of variocus alternatives in diffevent mixes; so that the net
result is a true minimum cost; rather than simply the minimur one among

a set of distinct "pure" alternatives. In the absence of a systematic
cost-benefit analysis, possibilities for effective combinations of
alternatives are often overloockal,.

Important information is concealed, morecver, by exclusive reliance on
average cost. Taking the tobal cost of producing a specified output
level doss not tell the analyst enything sbout the path of costs. By
introducing the concept of marginal costs, it is possible to follow the
cost path c]osely and therefore provide additionsl insight.

Marginal. cost may be defined as the addition to total cost which an _
additional unit of output gensrates. The relstionship between average
and marginal costs is a direct and. crucisal one, and can bast be deseribed
graphically, Figure 1 is a graphical representation of a "typical"
marginal and average cost function.
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Figure 1

Average cost functions will often display the U shape dipicted 2bove.
At low levels of output, the average cost curve is declining, i.e.,
the average cost of the totsl output is less and less. Once a certain
point is reached, howsver, it is ewvident that the average cost of the
total ocutput begins to rize,

Now examine the characteristiics cof the related marginal cost curve.
Recall that this curvs represents the additional cost of each new unit
of output. Thus, in the portion of the curve where marginal cost is
declining, the interpretation is that each szdditional unit of output
can be produced at a lower cost than the previcus unit. Where marginal
cost is increasing, each additional unit costs more than the previcus
unit. :

Now examine the relationship betwesn the average and marginal curves.
Where marginal cost is less than aversge cost, i.e., up to point M,
each sdditional unit is costing less than the average of previous units:
.80 the lower marginal. cost curve can be thought of as pulling the
average cost curve downward. To the right of point M, each last unit

is costing more than the aversge of previous units: so the higher
marginal cost curve is pulling the average curve up.

Note that MC intersects AC at its minimum. This is not an accident,

but a mathematical necessity. To the left of M, MC is legs than AC and
hence pulling AC down., To the right, MC iz gr=ater than AC, and hence

is pulling AC up. At the minimum point of AC; AC is being.neither raised
nor lowered by the equivalent MC. '

/
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It is important to realize tzat if MC cuts AT at its minimum, then MC
must reach its own minimum befors AC do=s, and musht consegusnbly begin

to rise before AC doss. Thus, thers is a portion of the margimal cost
schedule which lies below the average cost schedule snd is rising, though
average costs still continus to fall. The intesrpretation of this portion
of the curve is crucial. In this rangs of output, each additional unit
costs less ther the avarage of previcus units, but each additional unit -
is adding morz to total costs than did ths previous unit. Thus, it

is perfectly possiblzs for averags costs %o b2 less than that of another
alternative, but marginal costs gresater for particular rangas of output.

In the problem to be analyzsd, thnrp are several alternative methods of
providirg & spicifisd nunmbar of parking places, If onz simpiy looksd

-at the avsrage cost of providirg ths givsr number, the dzcision would be
to use that alisrnativse with ths lowsst averags COaf and therzfore the
lowest total cost. However, if it is recognized that some combination

of alternatives is feasible, it is found that a lowsr total cost method

- can be achieved by an analysis of marginal costs. Looking at ma“glnal

Q
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costs indicateg that ons alternative skhould ts unssd to provids a portion
of the reguired spacssg, but thal another altsrnative should be used to
provide the remaining spaces. The net result is less costly than simply
choosing the single "pure" alternative with tha lowest average cost
of providing all the spaces.

in any cost-benefit analysis, there ars certain gensral procsdurss which
should be followed. Some of thezz will be briefly dsscribed hkere, and
a summary check-list is providzsd on page 9.

a precise,

The first stzp in any analysig is to dazfins tu- objective in
2 m difficult aspact

quantified mamner. ({This often twrrs oubt to be the most
of the analysis.)

All possible mesthods of achieving the objsctive should than be arrayed.

The array should not be limitsd to only those eliernabtivss which appear

intuitively to be ths bsst ones. Systemstic analysis will often lead to
&8 choice which was not intuitively obkvious.

There are two msthods of rsaching & solution in cost-benafit analysss.

One method is to establisgh a hudget comstraint, and then choose thai

alternative or mix of altszrnatives which providss the most bensfits for
the specified budget., Alternativaly, one could specify the desizsd level
of benefits, and then choose that method which provided the desired
benefits at the least cost. In the same rang=2 of opsrations, thase
techniquses will provide =squivalent results; i.s., that method which
maximized bensfits for a givan cost, will aliso minimize costs for a
specifisd benefit level. The chcizs of which tackniqua to employ is
usually mads on the basis of convenien 23 i.e., for each particular
problem, it will be found that it is casiser to uses one method rather than
the other. In th=z presant cass, it zppears that it would be best to
minimize the cost of providirng ths spscifisd transportabion service.
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Having selected the method,; a certain amcunt ¢f crude analysis should

" be done to eliminate these alternatives which are infeasible or unattractive

for some reasor.. The remaining alternabtives should then be simultaneously
examined to see how they complement or substitute for each other. Various
interesting-appearing mixes should then bte considered in eddition to
considering the different "pure” alternatives separstely.

Next, the cost and ben=fit conseqguences of the various slternabtives and
mixes of glternatives must be carsfully amalyzed. Marginal, as well as
average and total costs need to be congidersd, ’

Great care must be taken at this point in the analysis to insure that all
costs which the varicus proposals will generate are included. For the
direct costs, this means locking not onily ab initial capital outlsys, but
also at the necessary operating and msintenmance costs over the relevant
time span.

Equally important are the “spill-overs" or indirect effects of the variocus
proposals. Where it is possible to quantify the cost of "spill-overs"
these should be explicitly included as part of the total costs for the
particular zlternatives., Where it is impossible to quantify accurately
these costs, it is imperative that qualitative descriptions be explicitly
introduced., Explicit recognition of "spill-overs” will often redically
effect the choice of preferred altsrnatives,

Next, the timing of the expeniitures of funis under the different alterna-
tives must be carefully amd quantitatively introduted into the analysis.,
The differing slternatives have quite different time patterns of
sxpenditure. The timing of these expenditurss is quite significant, and

as will be shown, has a major effect in locating the least cost alternstive.

The further into the future the expenditure of & given smount of funds can
be postponed, the less costly it is to the University. A thousand dollars
spent today is "more expensive” then the semz thousand doilars expended

a year from now. If the University is spending its own funds, if it
delays an expenditure for a year, the University's funds may be earning
interest during that pericd. Thus thersz is sn opportunity cost to the

. University which must be considered. for each time pattern of expenditure

EKC

wll Toxt Provided by ERIC

of funds.

A simple examination of the experditurs streams of the different proposals
which will be evalusted does not allow a meaningful comparison to be made.
In order to directly compare differing time patterns of expenditure it is
advantageous to convert them all to a common bssis, This is accomplished
by converting all expenditures to what iz krown as their "present value."
As outlined abeve, the cost of an expenditure of say $1000 a year from
now is somewhat less than the expenditure of the same $1000 today. If the
funds could be put in a bank that paid 4% enrual interest for the year,
$L40 in interest could be earned. Thus, it can be srgusd that the present
value of an expenditure of $10C0 a year hence is $4%0 less than the present
value of expenditure of the same $10C0 todsy.
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It is possible to express all inccme or expenditure streams in terms of
its present value, which is a single npumbar, The computation of present
velues allows an economically meaningful comparison of alteérnative
income and ocutlay streams. In gemeral, the present value of $1 to be
received "n" years from now at any assumed rate of interest "i" can be
fourd w1th the formula 1/(1+i)®, There are, however, tables of present
values available so it is not necessary to go through the arithmetic
processes involved in computing present values, o

The choice of the appropriate inbersst rate to use in "discounting"

future streams of money to arrive at the "present valus" figure is
flexible; though rot arbitrary. In general, the choice depends upon

what kinds of alternative investment opportunities are availsble and

what kind of return can be obtained from these alternative opportunities.
It is sometimes the case that a slight change in the assumed interest

rate will result in a different least cost elternstive. It is good
practice therefore to perform the caiculations with more than one

interest rate to see i the results are senalnlve to the choice of interest
rates, _

Because of the complexities which may be involwved in costing out the
various alternatives, it is extremely important that costs be estimated
consistently. One method of imsuring that this is done is by developlna
a costing format by which altermatives may be evaluated.

Finally, the question of uncertainty must be faced. As will be seen,

one of the sliernatives is of a rature where it is impossible to be

100% sure that the desired cbjective will always be achisved. If the
policy maker is a "risk-averter," he may wish %o choose an alternative
which achieves the desired goal with 95% certainty, evenm though at higher
cost rather than an alterrative which has only, say, 90% certsinty.

There is no rule which can be applied hers as to which of these two
solutions iz preferable., However, it is often possible again to "mix"
the two alternatives, and thereby achieve a given yortion of the objective
with 99% certainty, and achieve the rest of the gosl with 90% certainty. -
Or put enother way, it may be worthwhile to choose a second-best alterna-
tive because no mabter what happens it never is worse than second-best,
rather than the "first best" altermative that falls dramatically in
effectiveness in clrcumstan o3 other than ones assumed in the basie
analysis. - ' :

The Important point here is that these aspeclhs of the problem be
explicitly considered and analyzed in & consistent manner., The existence
of uncertainty and risk does not preclude ratioral analysis, nor does

it imply that the aﬁaly51s cannot include explicit recogrition of these
uncertainties,
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Check List for a General Cost-Benefit Procedure

I. Examine and quantify objectives,
II. Array all alternatives

A.  Eliminate infeasible and unattractive ones
B. Decide on form or problem:

L Fixed effectiveness - least cost

2. Fixed budget or cost - maximize benefits
C. Look for interactions between alternatives

D. Lecok for interesting new combinations of alternatives
III. Develop total costs and analyze alternatives in detail

A, Total costs as sum of marginal costs -- look for changes in

- marginal cosis for the various alternatives.
B. Include all cost elements
1. Cepital - )

; ) direct
2. 0 &M (for a period of years) )

3. Social costs or costs to others affected but outside system
(indirect) - '

C. Show cost stream over time
1. Phasing of capital cbsts
//2. Schedule O & M costs for time period in gquestion
D. Express time preference -

1. Discount to present walues
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IV. Describe and estimate spill-over effects, uncertainties, unguanti-
fiables, '

A. Dc sensitivity analysis

V. 1In light of costs, benefits, and spill-over effects, choose most
attractive alternative,

A. Discuss qualifications and interpretations with decision maker,




1,

Critical Examination of Objectives

A. Whet is objective and quantify

1.

2.

1.

2.

5

Provide a transportation system and/or parking facilities for
students, staff, and faculty between Modero and campus.

How many? Apparent peak demand =

Students - 50% of pesk enrollment - 15,000

Staff - 100% of total - 4,000
Faculty - 100% of total - L,000
Total 23,000

Questions and Answers Needed
to Davelop Objective Discussion

Peak demand is subject todaily, monthly, and seasonal _
var%ation (due to variations in worklosd, sickness, vacations,
ete).

Need to consider actual peak loads:

@ 99% confidence level, study shows that 85% of theoretical
Peak demand must be provided for,

Net demand for service or facilities therefore equals 85% of
gbove catggories°

Also @ 1.39 persons pér car, the totél personnel will require
only 14,073 parking spaces. - (See p. 14t for details of
calculation. ) '

Note reservation for 25% X 85 of faculty and staff who will
always drive and thus demand scme parking., Also affects
number of persons to be transported by bus.
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IX. Array All of the Alternstives

What sre the alternative ways or systems for sccomplishing the
objective? Specify them in encvgh detail to magke a rough comparison;
compare them with the eppropriate espect of the quantified objecktives;
eliminate infeasible and completely unsttractive (cost cr performance)
choices; and re-define in detail the structure of the aiternatives
chosen for sericus analysis and costing.

A.

B,

E.

Monorail service -~ No, too costly (previous study)

Helicopter service -- No, too costly now -- other enalyses show
possibilities as operating costs decline with next generation
of equirment.

Bus Service -- Yes, the Blue Dog Bus Lines are interested in
& monopoly-charter arrangement.

Re-locate everyone onto campus -~ No, capital cost is too high.
(Previous study.)

Encourage use of privete autos and build parking facilities.

1.

25

3.
L,

Se
63
7-

Surface parking - On campﬁs
Suzfacevparking - Off campﬁs
Parking»sﬁructure - On campus
Parking structure - Off campus
Underground parking - On ca@pus
Underground parking - Off campus

Discriminstory parking rricing policies to encourage car
pooling, use of smaller cars; eic. (ruled out by new Chancellor).
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Alternative C Bus Service

Calculation of Service Required

Students = Peak Load x .50 x .85 = 12,750
Faculty = Peak Load x .75 x .85 = 2,550
Staff = Peak Load X .75 x .85 = _2,550

Sub-total 17,850
Less: (.39) x <25 x .85 x (fac. & staff)
- 663

No. by bus 17,187

Terms of Blue Dog Bus Lines charier offer:

1.

2o

.

5.
6.
Te

To deternine the numher of passenger spaces needed to meet the
peak demand at morning and night rush hours as specified in the
objectives (less 25% faculty and staff who will drive, plus
those that accompany them), consider the sbove calculations.

Will provide one trip/hour service at off-pesk times to
coincide with the schedule of classes.

Will provide service up to midnight.

Wants exc.lusive franchise - 20 years.

Guarantecs sghe\iules within T 5 minubes,

Guarantees ugz of modern airwcond.itioneé eguirment.

Price quoted is total annusel charge prsysble meonthly with
guarantee of no change of price during 20 y=sr charter pariod.

Annual cherter cost is $2.5 million.
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Alternative E: Priva’ce_ _auto plus University parking:

No. of parking spaces required:

Students = Total No. x .50 x .85 = 12,750
Faculty = .otal No. x .85 = 3,400
Staff = Total No. x .85 = 3,400

Sub-total 19,550 (people)

1.39 (people per car)

n

14,073 (spaces reguired)

IIT. Analysgis and Costing

A. frrzy elternatives and develop specific detailed outline of
such. Structure the choices carefully and gquantify.

B, Set up costing formatb

(1and )
Initiel Investment or Capital Costs ~ {facilities)
On-going Operation and Masintensnce < (annval O & M x 20 years)
(Paint, heat, light
repair, police, sdministration)
ﬁ Total Cost

@ 5% discount = Present Value

C. Watch out for changes in marginel costs (as compared with average
costs), eliminate sunk costs, and Price cut the tokal cost
implications of the reguired smount of each albernetive course
of action or system needed -to meet the specified objective,




III. {Continued)

D. Analysis of Alternative E (private auto use and University-
provided parking) and its sub-alternatives.

Considering all of the various permutations and combination of
high and low-rise parking. structures, surface, and sub-surface
rarking and the choice of on-campus or off-campus locations,
there are at least 720 possible alternatives. - Some rough
rreliminary analysis is needed thersfore to eliminate infeasible
and unattractive choices so that detailed analysis and total

- eostings can be concentrated on likely candidates. ’

Step I - Eliminate all sub-surface parking: engineer's
survey shows that the water tzble is at 20°'
below the surface -- too high for underground
parking garage.

Step II - Draw some graphs showing marginal cost per
parking space provided for each of the princi-
. pal remaining alternatives; i.e., surface
parking lots oa- and off- campus end high
and low rise parking structures on and off

campus .
T -- viz:
On_Campus V Off Campus
1. Surface Parking i, Surface Parking
2. Low-Rise Structure ' 5, Low-Rise Structure
3. High-Riée Structure . . 6, High-Rise Structure

Set up costing format which can be used to evaluate marginal
costs of each of the above alternatives; thus,
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gdarginal Cost Analysis:

i3

._ Cepital Cost Armal O & M Total ' g;;.c:z
- Alt. No, Land Feeilities x 20 Years Cost Per Space Per Azvs
{From rrevious ($/Space) ($3/Space) ($/Space ($/5Space)
Pege) . olip e 302 360
$3611 | 22 140 3993 - 360
- 3000 - koo 3400 335
- 2600 %00 3000 670
- 2300 400 : 2700 1005
- 2000 400 ohoo 1340
- 3900 _ 100 L300 1100
- 3800 oo 4200 1680
- 3700 " hoo | - k100 1950
- 3600 koo 1000 22Lo
$3881 3000 800 7681 335
- 2600 | 800 3400 670
- ' 2300 ' 800 3100 1005
- 2000 800 2800 1340
- . 3900 800 4700 | 1h00
- 3800 800 4600 ' 1680
- 3700 800 4500 1960

- 3600 800 1100 _ 2240
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Off Campus
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III. (Continued)

The value of the preceding graphs is not in determining the right mix of
alternatives in itself (only tobal cests can ascertsin thet) but simply
es an aid in reducing further the nmudber of aliernatives which mist be
fully priced ouk.

Reviewing the above graphs,; the following conclusions seem justified:

(a) Surface parking on-campus is by far the least costly spproach,
but it provides far too few tobel parking spacses,

(b) High rise buildings, in light of the very high mzrginel costs
per space for the S5th through 8th ficors (due %o the need for
hesvier founiatlons and all of the other special reguirements
of the 'building eccde which are abiridbutsble to adding the 5th
floor or more %0 & 4 story sizacture -- pius the decreased
muber of availshle parking spacss p@r arre due to 3pace loss
for elevator shafts, power units, @c.) sppsar to be always
ungtbractive vis-a-vis other sliern ti"u'as such s surface
parking off-camyts or low-rise strucivres off-cammis. It
should be noted that if only averags cost curves wers plobied,
8 story high rise structuves would hsve eversge costs less
than off-campus surface parking thersby di‘agu_igi 1z the fazt
that it pays not to go ebeve the 4th floor, bub et that point
to switch %0 & wholly new alteynmabive {i.e., off-cempus surface
pe..k:mg) wnozse cogts are less than the marginal cost of the

. 5-8th floors.

(¢} Iow-rise parking structures on csmpus sppear to be the second
best choice, but they don't provide guite encugh spaces Lo
meet the total demand eithery; =0 scme supplementzry aliernative
mast 8lso be chosgen. '

(d) vhile the merginal costs of o*’f«-camp*o struchures look
reasonably ettractive, there iz a good guestion hewhnr the

total costs for the regulred nudber of Swseas is less thamn the

costs for off-campus surfece perking for an equal nuwiber of
spaces. Only a tobal cosbing will suswer that question,

-

(e) A case using scne on-campus swrfese parking and on-csmpus low
rise siructures and a case using on-czmpus high mse structures.
should also be c¢osied to verify the conclusion that thess cases
are nmoving away from opbimal mixss .
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(Continued)

Anzlysis of Alternative C - Bus Transporigstion

Blue Dog Bus Lines offers to provide necessary service for all
personnel involved (less, of course, the 25% of faculty and staff
who will always drive and those who accompany thems L.205 139
persons per carle Sce Section IT for Blue Dog Bus ILines calcula-
ticn of their peak demand.

or

Firm offer of $2.5 million per year for 20 voars givss
cost of $50.0 million.,

ntal system

However, for this alternative, f‘am*wus parkicg must be provided
for the 25% of Faculty and staff who will elways insist é

No, of Spsces Reguired = Facvliy axnl Staff {8000} x .25 x ,85 = 1700 Spaces

Since surfeace perking on- ér,m'ﬂtv is chespest and 1700 spaces @ 360 spaces
per acre requires only k.7 of the 8 acres, the oR~campes surface
perking alternstive suffices. The 20 year total cost of the 1700 spaces =

$513,400,

Thus the total 20 yesar cost of M‘ber:z.a"'cive C jig $50.0 million plus
$.5 million o $50.5 million,

Comparz ason of Lesst-Cosh Privabe Aubo - Parking n_cace Alfernative
("K") with Chartered Blus Doz Bus Idme Service fltermsiive (M¢M)

The total 20«»Jea,z° systam costs of cke-ae two remaining alternatives

are as follows

Privete Auto/University Parking ("K")

$43,7 miliion

it

Blue Dog Bus Lines Chariter Servize ("C") $50,3 million
(=] ¥ !

1

Differance $ 6.9 million
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(Continued)

The choice ostensibly thus falls on Alternative "K". However, there
are quite different time patterns of expenditures involved in the
two alternatives, with Alternative "K" reguiring lerge amounts of
University funds inmediately for capital outlsy purposes. Either
the University must borrow that money in the open market or it must
use endowment funds which otherwise might be earning interest or
dividends., Hence there is an opportunity cost or a cost of capital
cherge which needs to bz applied to the two cost streams.

$hon |
B2
0L 5 10 15 20

Years of Costing Period

One accepted way of recoguizing time preferences for money or the
cost of capital is to tske a cost siresm over time and discount it
at some appropriate rate {in our case 5% &s indiceted in the State-
ment of the Problem). The resulbting figures are then on a common
time preference bem.s and ere known as the present value of the real
cost stream.

If a 5% ennual discount rete is spplied to each year's costs in the
two time stresms shown above, the resulting present values are as
follows:

4
$i2 4 million

Privete Auto/University Parkiag {Aiternative K)
31.6 million

Blve Dog Bus Lines Charter Service (Altevastive C;

$10,5 million

D ifference



e
I1I, (Continued)

Thus, when the cost of capital is considered the alternatives
switch places sad "C" becomes markedly chesper than "K', From e
strict least-cos® standpoint, therefore, the chariered bus service
option clearly appears best,

There are, however, some spill-over effects, scme uncertainties,
end scme unquantified aspects of the problem which need exploration
tefore a definii conclusion ig reached., These sre explored in the
following section,

IV, Discussion of Spill-Over Effechks

A. Vhen the bus option is chosen, car costs for commuters sre avoided.
The origimal selectlon was msde on the basis of the total cost
of bus vs. only parking cost to the University. The cost of
driving must be included in the tobal cost analysis either as s
social cost or be included s & spili-over effect,

B, On-campus housed students are nobt conegidered in the problem -~
Parking must in all cases be provided for them; also vwisitors.

C. The bus system leaves Jand free for albernative uses -- some
opportunity cost valus if sdditional buildings are ever required.

D. Bus system also requvss ne lavestment by ire University --
can later =wi‘bch Bo helice 1-=~=s, etee; -~ the bus system is
ireonvenier?, bhowever, provides less freedom of cheice; suffers
from possivility of ﬂtise escalebion (despite combtract cleuse)
gnd interrupbion of servize because of sbrikes. Thus, &
disedvertege of the leasht zogdt solutien is that it dozsn't
completely suersitee “he masbing of the objective. Though the
provability of an interrugpiion in service msy Le extremely low,
the cost to the Univarsity should this evexr cccur may te extremely
highi. Therefore, it might Day o "buy insvrance” by providing
four some limited number of parking ylaces in addition to providing
for the bus sevrvice,

g
N
2
28

E. The use of private snics would rc—.quire comuznity of Modero o
float bond issue to widen vos:l, put in traffic lights, ete;
agein, a commmity cost not. explicitly recogzized in the analysis,

ERIC
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V. Presentation of Results and Recommendation of Solution

A.
B,
C.

D.

E,

F.

G.

State objective chosen.

Identify alternatives considered.

Indicafe those ruled out and why.

Give costs of principal alternatives.

1. Undiscounted.

2. Discounted and rsaste used.

Discuss spill-over effects, unquantified aspects,-eleménts
of uncertainty {with results of sensitivity analysis, if
any).

Indicete cost optimal solution.

Discuss costs (ebove least-cost solution) if another

alternative is chosen because of weight given uwnquantified
aspects of problen.



