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Introduction: Objectives and rPolicy Instr . Dt

>
[

Selecting the "best” of alternmative projucts or facili-
ties to be constructed and identifying appropriate pricing
policies for the selected facillity is a perplexing end per-
vasive problem. To be dete.mined are prices which lead to
the “"correct" smount of capital investment in paysicil cupecity,
and to its efficient utilization, while recogaizing the ¢ppoT-
tunity cogts of resources used.

The general capital budgeting and pricing taechniqua «ca-—
cribed in this papor differs in gseveral significant aspscts
from more coanvantional czpital budgeting procedurcs. kbove
all, pricing policles are recognized as planning or adiinistra~
tive instruments to be ased in achieving certain spocivied
objectives established by a particular physical project or
facility. We further nssert that pricing &nd capital budgating
are closely {nterrelatod aspects of the sane planning probled.
and that capital budcating i8 not rationally executed in ab-=
straction or in isolation #rom the consideration of pricing
problemns.

The more difficult pricing decisions ccafronted by i Yoota}an
manaJyaenents and public plenning officials usually involve the
question of how to "recapture” capital, -asearch, developmeat,
administrative, and similar costs neither easily nor directly
related to variations in output. In large maasure, cthesce lecs

directly related Cr traceable costs derive from commitments of
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an investmant character, so that the problems of evaluating

these investments, and their “recapture” (either actual or

potential) through price assassments become closely inter-

twvined. Even though capital charges or prices may not be

assessed directly to consumers in all cases (as & mattezr of
established public poiicy, for example) the necessity to

evailuate the market possibilities remainas, so long as effi-

cient allocation of investment resources is desirab . ‘

Attention will not and should not be fooused, moreover,
only on narrow eoconomic issues affecting the particular fa-
cility under consideration. Pertinent broader issues can
and do influence capital budgeting and pricing deocisions,
particularly in the public sector. Accordingly, other broader
and more qualitative variables are accommodated explicitly in
the planning process here outlined, at specified "decision
points.® Thus, important qualitative aspects interact upon ’
the pianning decision, and upon the strictly economic optimi-
zing process, in a olearly specified manner and in con-
trast with the more informal procedures of much conventional
practice.

A dichotony is some’imes defined in the set of procedural
methods available to the public or private planner between a
comprehensive, systems-wide or general equllibrium approach
on the one hand and a project-by-project methodology on the
other. The approach outlined here belongs more with the
latter category. The efficacy of either type of approach

depends, of course, upon a host of social, political, and
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economic conditions surrounding its applicaticau. A more de-~
- cantralized or disaggregated administrative and planning
fravowork, for exumple, would tond to ravor a projact-by~
project approach. A highly c¢.ntrallzed political and economic
fragework, on the othar hand, would make a compyrehansive,
p economy-wide evaluation more likaly and feasibla.
Such problems us data generation and acquisition also

[ - atfect the selevilon of the propar planning approach. In thig

. regpact, project planning o3 contrasted with a fu. aystems
T, analysis may be mobilized with smalier, less extoensive data
) ~ input requirements, Thus the "first silep" ror implamentation

of our prasent technique should be not qulte the huxdle that
gear.ng up {or a cowprehensive systems wodel would bo. An
bader essential di~ctinguishing feature tetwoeen the two plaaning
vy in approaches, one which should loow large in the selection of

either, is that the broad. comprehensive wouza by its nature

:n , intaimalises within the planning piocess auny weitacts or a
i - ) partiocular capital investmant which are coasidcered exiernal
n-~ in the project planning mechodology. Whethei the posgsibla
~al gain in plaaning eificlency from such internalizaticn of these

effocta over many projectu is worth the addud ccut of a sys-

tems model iizplementacion, at any pavticularc point in time, is

aural

n a agaln dapendont upon the existent plinning and aduiinistrative
n procsdures, and the aitent Lo which consistent treatment of
ra different sectors of the economy igs odth sought ana feasible.

The capital budgeting procedures outclinad here aiso neces-

sitats greater emphasis upon explicit astimation and definition




of demand and supply curves. Estimation problems as such are
no%t & centra! concern here, however. Rather, it is assunad
that the requisite supply and demand f{unctions are given or
known. In addition, estimates are raquired of the present cost
and the discount rate (or rates) relevant to the facllity under
conaideration. With these data a determination is then made as
to whather the facility is economically rational under the
given paramoters, and, if it i, the pricing schemes which are
optimal. Thesa steps, moreover, are undertaken with reference
to vpecified objectives for the project or facility in guestion.
Project comparisons are based upon the present net value
tacanique. Puture gain vnd cost streams are discounted to the
present and then the net present value is fcund by deducting

the preaent cost from tie discounted gain (or revenue or

profit). The selection of the best altermat.ve project then

involves simply finding the one with the largest net present

value undexr & psarticular psicing regima,

Of the alternat.ve pricing regimes that might be consi-
dered those aimed at maximizing revenue could have a particu-
lar appeal for both private and public sector rlanners,
espacially if projacts in tha public sector are to be discoun-
tad at an gpproxiasation of the market or private sector's rate
of interest. Thi justirication would be that if public invest-
ments are to be evaluated at the same ratu of interest aos
private, then similar pricing strategies should be adopted or
allowed when computing benefits. Of course, such a procadurs

implicitly assumes that no substantial differaences exist in




the degreos of market or muiopoly power in the public and pri-
vata sectors. Even if some "soclal rate® of discount is used
for the public sector, tha criterion of maximum not prasent
value might remain valid in determining the bost ordsriang of
alternativa capital investment projocts within the public
sector. In such circuastancec, while the private sector planner
likely would continue to follow profit maximization in deter-
mining his real pricing atratogy, actuzl pricing procedures
{dua to dirferont cbjcctives) wdgat be ditierent in tho public
geccor from those used tos making capital budgeting cocisions.
With regard to objectives, the feasibie set could be ex-
tramely large, dependiag upon the dotail of specification.
Two general extremunm conditions, howevar, are conventioanal in
the economic literature. They are: 1) monwimize the nat pres-
ent raevenue (profit) genaratad from uge oi tha Ffacility f(at
the specifiad discount rate), which normclily implies high
opportunity cos-s of capital ain alternative uses; or 2) maii-
miza the consumar uso of the Yacilicy sublect only to the con-
straints of maintaining at ieest & non-nocutive nat placent
value and evory u3ler paying a price no ic.Jer than tha shore~
run marginal conts of what he consuues. That is, use is to
be ancoulaged, but tha iusillity must recover its capital and

maintenance coats). Fatveen thase two polar axtromes lie innu-

marable possible combina:ions.1 The second cbijective, maximum

use subject to selii-recovery of facility costs, has strong

lSee Saction III be'low, page 2 , for a brief discussion of

a third type of possible objective for public sector projects.




social and {intuitive appeal and probably lies not too far from
rat.onal economic and public policy practice in most cases.
It 1s, nevertheless, an arbitrary liwmitation.

By wayv of illustration, soma broader issues possibly
could force a public poiicy which required a certaln amount
of nat revenue or, conversely, even a deficit operation of a
facility. The present model will identify the pricing schemas
raelevant to such an objective, or almoat any other for that
matter. At the same time, it will signal to the administrator
or planner either the differential facility use, or else the
amount of monetary deficit created by pursuit of other objec-
tives. Again, tha procedure is entirely flexible and amenable
to any combination ~f the different objectives of profit or
use maximization. Thus the model can be of use both to private
managements, whose objectives and specifications would tend
toward the maximum profit pole, or to public sector planners,
where the maximum use pole may more often be of interest.

The feasible set of alternative pricing schedules --the
main controllable variables of the budgeting and pricing
problem-- can be divided into two subsets corresponding to the
two basic polar objectives, that is, to achieve maxinum revenue
or naximum use. The type of objective stated, in turn, affects
the kind of pricing policy which should ba used. Thus, the

maximum use objective is closely interrelated with the phenom-

enon of demand peaking, as exhibited by almost every conceiva-

ble good or service (depending on the time lengtnh of cycle con-

sidered). For example, demand for Christmas trees and for bathing




suits peaks once annually (in a specified ciimatic zoae) .Similarl
daily peaks are observed in the demand for street capacity in
urban areas, or for electric puwer, or ior water supply. By
dividing the time intervsls congidered in the model (one yecar)
into two periods, peek and offnpeak,l the besat price to charge
peak and slack pariod consumers in ordor to achieve maxiwum
use of the facility can be identified (sibject to the cons-
traint that net present value is not lesu than zero). By
contrast, if the objective is maximum revenue or profit, the
price or pricas which generate maximum net preseat revenue are
charged, regardless of use during peak or ofi-peak poriods.

In achieving specitfied goals, thrce general tynes of

price differcntiation can be identified. #irst, thuce is a

cyc.ical price discriminatlon ox differantiation2 which is

appiicable to situations where vary sharp seasonal, daily, or
othex wvariations occur in the rata at winica the service or
product is consumad. Such discrimination can ba a means of

ame..lorating the high costs and othar probiews associated with

]More then two perlods can be accomnodstad if the added
complaxity in cowmputation Beols warcuwiaiod,

zdack Hirohleifer, in “Peck Loads cnd Bfiicicnt Pricing:
Conrgont,” Thc Quaciariy Souvaal of Ceoncoticz, Vol. LINIL,
NO. 3 (Augustc, L¥9lT . os. 4c1-0F ) CTid >
cinctlon becowoen "diseriminetion® and “«izicreutiucion,” 1t
Joclel aaxglneali costs are detfincd in tha cpportuiity scase.
Given such a definition, no discraicdeatlion axdists in the case
of differeat caarces Jor peak and ofi-peek congunors chause
the raicvailts socia. wavginal costs cof service also ailfel.
Such a defrinition stirs up muxrky definitional probigms of_
marginal costs, however, anu we prefor to use the term "dis-
criuinatcion” in its usual loosor sense.




! very intensive peak use or demands or as a means of "smoothing”
demands and at the same time encouraging maximum total use.

Second, there i8 inter-consumer price discrimination

which involves different price levels for different ocategories

of consumers, established within any single time interval.

The several levels will be assumed to remain constant for these

different consumer groups over and between time intervals and

throughout the planning period or life of the facility. Ad-

sdinistrative difficulties can be encountered with this type of 9
! pricing policy, but they need not necessarily be insuperable,

especially if the demand for the facility's output is suffi-

ciently inelastio, at least within certain delineable catego-
ries.
The final type of price differeatiation to be considered

ie inter-temporal discrimination. This refers to a situation

in which one price is charged all consumers in all peak or
slack periods, but the price level rises or declines over time. ’

The length of time any particular price is charged may change

within the total planning period, in order to retrieve a non-

negative amount of present revenue. A price level declining

over time would appear to be the wmost administratively desira-
ble, but either alternative is feasible within the model's
algorithms.

The particular pricing schems chosen depends not only
upori the stated objectives, moreover, but e¢lso upon the

economic and political ambiance affecting the given facility.

Desirable attributes of any pricing policy fnclude simplicity




| I

rg both in administration and in comprehension by the consumer, ’
social and political feasibility, and efficacy in achieving
the deaired objectives. Underlying all of the pricing schemes
8 considered, tiherefore, is the assumption that in order to
enhance administrative feasibility arnd consumer acceptance,

Jge the number of separate price levels set for the facility

hd ehould be kept as limited as possible, while allowing the

desired objective to be achiewved. Thus, if a single price to
of ) " all users over the life of a facility will accomplish a desired
purpose, and if it meets with the specified financial and eco-
nomic constraints, this price is considered optimal. In short,
- only after testing single price possibilities and finding them

inadequate ie consideration given in the model to price dis-

d orimination or differentiation schemes.

=00 ¢ ’
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Basic Demand and Supply Function Characteristico

As stated, the present mo« 1 reguires more attention to
expliocit demand ani supply curve estimation than the procesases
based on arbitrary cost-allocations common to conventional
capital budgeting methods. The difference is mainly one of
emphasis. In reality, ths dsmand curve lies, explicitly or . .
implicitly, at the core of most procedurss for estimating the
benefits to be derived from individual investment projects.
Only in broader "systems® or "national income” analyses of

certain large public works is this rsliance on the demand

function a8 a basis for benefit evaluation likely to be seri- |
ously mitigated. Pcr private enterprisas, management anay call

the demund estimaviun exercise a "market® forecact or analysis,

but the objaective is still the same as determining a demand ’

. function: namely. estimating how much people are "willing to

pay"® for specified quantities of the product or service to be
produced. Public officials contemplating civil investments
follow much the same prxocedures. For example, when road-
Lailders try to estimate the cost reducticis a new highway
will confer on users, thay really are trying to estimate how
wuch the users might be willing to pay for the facility.
Therefore, their efforts represant indirect attempts to esti-~

mate the demand function. The same is true of attempts to

evaluate the "direot benefits" (for example, flood control,
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irrigation, navigation) of dam or reclama’ion projects. Of
course, public officials may also count indirect benaefit. in
their evaluationa. Thisg practice, however, has beon increasin--
gly questioned by economists on grounds that it represents an
improper accounting of simple transfers from one group to
another in society (rath.t than creation of new wealth) or it
pronulgates an “unwarranted” bias in favor of public as against
private investments. Indeed, since private {nvestors normally
cannot recoup the secondary or indirect benefits of their
undertakings, a strong case exists for stressing potential
“recoupability” for evaluating the benefits of public inveat-
ments, at least so long as soma sort of parity 1is sought in
capital accumulation and evaluations by the public and private
saectors. Again, any such stress on public-private parity,
implies that estimates of demand are the central consideration
in evaluating public projects.

It is well to digress briefly, therefore, on just what
information supply and damand functions convey and, explicitly,
whaether the usual demand curves of economic analysit moasure
benefits in a meanirgful way. Indeed, a rather extensive
literature and controversy exists on this pol..t.

One diffiocult problem that arises when using demand curves
to estimate benefits is that demand curves necessarily are
expr2ssed in monetary sums while, in a strict sense, what
should really be measured is the satisfaction or utility people
derive from money. O0Of course, if every unit of money were like

every other unit in terms of the extra satisfactions it would



buy, this would not be a problem. It is, however, difiicult
to imagine real circumstances in which every unit of expendi-
ture indicated by a demand curve would be of constant benefit
value ~-or, more technically, of constant marginal utility.
Thls proposition can be illustrated by considering the
basic character of consumer decisions. A rational consumer
might be expected to rank all the possible ways he could spend
his money income accoxrding to the satisfaction they yielded
and would spend his money by proceeding down this hierarchial
ordoring until all his funds wers exhauated.1 Assuming that
everry product can be consumed in eactly the deasired amounts
(1.0. that there is perfect product or service divisibilicy),
the rational consumer would spend on every product until the
marginal satisfaction from the last unit of money spent on
each product is equal to the marginal satisfaction derived
from the last unit spent on every other product --otherwise
he could make himsolf botter off by transferring funds from a
product yielding low satisfaotion to one sup>lying large sa-
tisfaction. Furthermore, if money income were increased, the
consumer would procced down the list further than bafore and
the last dollar expended probably would yield less utility
than before. Contrarily, with a reduction in income, the
last unit of money spent would supply more satisfaction than

before.

It is worth noting the possible consequances if a price

1

Bavings should be treated as one form of expenditures.
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increase or decrease occurs on one of the products consumed.
Say the price increases. If the consumer does not want to
reduce by much the quantity of the product consumad, the
result might be that his total money outlay on the product
increases. However, to increasa outlay on this product, the
gongumer must decrease expenditures on other products -~
assuming that money incoms remains the same. A decrease in
expenditure on the othexr products maans, though, that the
last dollar spent on each of thase products probably vields
more utility and the marginal utility of money therafore has
increased to the confumor because of the price changa,

On the other hand, the consumer might curtail his con-
sumption so that he spent less in toto on the product after
the price increase. This, in turn, would free funds for
making inoreased expenditures on other products, with the
marginal utility of the last dollar spent thereby being
reduced.

When most consumn~zrs are in the former situation --that
is, when more is epent on a product after & price increase--
demand for that product is said tc be inelastic. The demand
alasticity is defined to be less than unity when demand is
inelastic and greatar than unity when it .8 elastic. A
unitary demand elasticity is the case for which total expen-
diture on a product remains unchanged in the face of a price
change.

The demend elasticity, as a rule, will be different at

different points on most demand functions. The usual assump-




tion is that the demand elasticity is greater than unity at
high prices, and iess than unity at low prices. The concept
of “demand elasticity” is very useful in analyzing the moaning
of the suggestion that benefits should be measured in dollar
units of constant marginal utility. In eessnce, this proposi-
tion implies that a demand function relating quantity to
dollars of constant marginal utility should be used to measure
benafits rather than a normal demand function. It is well,
therefore, to consider the ralationship between a constant
marginal utility demand function and regular demand function.
In the elastic portion of ths conventional demand curve
any increase in prise decreases total expendituxe. on the
product or service under analysis and frees money for expen-
diture on other products. This forces the marginal utility
of the last dolla: spent downward. To restore the marginal
utility of the lust dollar to its original position would
require taking voney asay from the consumer. This in turn
would depress consumption of the product being analyzed below
ite original lyvel and make the depressive effect of the
price increase even greater than it would otherwise have been.
In the inelas:ic portion of the curve the situation would just
be reversed. In short, only when demand is unit elastic will
thexe be no induced income effects on demand which would

require corpensatory action to restore the marginal utility
of money to its original position.

Thus, for measuring benefits in dollars of constant

marginal utility, the usual demand curve will provide an
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improper sstimate unless demand happens to be just unit elaa-
tio. The dagrees of the overestimate depends on the extent to
which the two demand functions diverge; this, in turn, is
largely a function of how impo.tant an item of consumption the
product under analysis happens to be. For goods that absorb a
big proportion of income, the divergence will be large; for
goods that account fer only a small percentage of total consumer
expanditures, the bias should not be great.

Pecause of these difficulties, it has sometimea been
suggested that the proper approach to benefit valuation is not
to attempt measuring banefits in dollars of constant marginal
utility but rather to determine what would be the maximum
number of dollars, regardless of utility value, that people
would pay rather than do without a product or service., The
reasoning behind this approach is that if this sum is larger
than the total coste of providing the good or service, produc-
tion is economically justified.

Again, the area under the demand curve usually is accepted
as a reasonably valid tirst approximation to the amount to be
estimatad. Remembering that a demand curve indicates the
price that must be chairged to bring a certain number of custom-
ers into the market, this sum would be identical to that rea-
1iznd by a monopelist practicing perfect price discrimination.

Such a monopolist would arranve his customers according to &he

maximum each was willing to pay rather than do without his
product and would extract from each customer this maximum.

A regular demand curve, however, actually would over-



estimate the maximum amount that customers would pay because

extracting every penny available to be spent on a product
changes the basic assuwptions under which demand curvas are
usually constructed. Specifically, perfect price discrimina-~
tion means that more income will be spent or the product under
(after the initial)

analyais at every level of output,than would otherwise be the
case. Thus, under a aystem of perfect prica discrimination,
less money income might be expected to be available at every
level of consumption than would be available without price
diecrimination. Assuming that the product under analysis is
not an inferior qood,1 less of the product being subjected to
price disorimination (and less of other non-inferior products
a8 well) would be demanded for a given price than would other-
wise be the case becavse of the reduction in income.

The preceding is, however, strictly a partial analysis.
It overlooks the fact that one nan's purcliase is another's
sale. Consequently, if in a system with price discrimination
those who gained income had the same marginal propensity to
ccnsume and exactly the same warginal product preferences, on
balznce, as those who lost income, the effect would be to
restore demand to the initial state. It is doubtful, of
course, that these assumptions would be met in reality. But

neither it is clear what the net effect would be of permitting

1An inferior good is defined to be one whose consumption
riges when incoma declines because it is substituted for other
goods of higher price. Hamburger (in place of steaks and
roasts) and rye flour (in place of wheat flour) are usually
thought to be illustrative examples of inferior goods.



price discrimination. Depending or nreference and consumpt ion

patterns, the uitimate effect on the 3ales of a particular
product or service at a given price could be an increage, a
decirease, or no chang. If an increase occurred, the area
undar demand curves would tend to underestimate benefits; it
a dacrease was the result, the tendency would be to overesti-
male bennafits.

8till another objection might be leveled against either
the price-discriminating-monopolist or constant-marginal-
utility of money concapts of benefit measurement. As compared
with the usual compatitive criterion, bcth essentially esta-
blish a second or double standard for determining whether or
not production of & good is aconomicaliy justified. The com-
petitive test for determining whether a good should be pro-
duced is that at asoma level of ou.nut, the price that con-
suners are willing to pay is greater chan the supply price at
that output. By contrast, the full areas under the constant-
marginal-utility of money or price-discriminating-monopolist
demsnd curves normally will result in higher estimates of
benefits. These criteria therefore could suggest production
of goods that would be excluded on the single-price competi-
tive standard. But to obtain this production, aither legali-
zed monopoly and price discrimination or government subsidiza-
tion would have to be i.stituted for those goods which, though
justcified by a "full-area” criterion, do not have demand
curvas that over lie above their rupply functions.

It seems very doubtful that accept ance oould ever be




obtained for the rather major change in the economic institu-
tions of most countries that complete adoption of any "full-
area® criterion would imply. There are few signs at least,
that moat western societies would want to undertake a large
scale subsidization program or abandon competitive pricing in
favor of monopolistic price discrimination on any extensive
scale. At a minimum, any systematic shift to a "full-area®
benefit calculation in deciding capital outlays and invest- ’
ments (broadly construed) in a decentralized private aenter-
prise economy would pose substantial administrative problems.

Of course, under certain circumstances a double standard
might be defensible. Por example, a "full-area® count of
benefit might be sanctioned for voluntary non-profit and
public service activities. In a sense, even weatern econonies
Already use such a mixed system eince many educational and
cultural activities (e.g., symphony orchestras and art muse- ’
ums) as well as certain public utilities are financed in this
way. B8till, adoption of a "full-area® concept of benefits is
clearly a policy deciaio:':\dnot a strictly economic one.

Thera is still another, eimply pragmatic difficulty with
any "full-area® measure of banefits. This is the need to know
the shape of demand functions much beyond the normal range of
available data or experience. As a rule, the investigator
trying to estimate a demand function has only a limited number
of price and quantity observations, perhaps as illustrated in

Pigure 1, where each dot represents one observation. The

usual procedure in estimating a demand function is to fit a
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line or curve, depending on the circumstance, to these data

according to some criterion of best fit (as a rule, least

equares). Where there are data, this piocedure should yieid
reasonably good results. But it is obvious that not much of
substance is known about the shape of the demand function out

beyond the limited range of “he available price and quantity

data. ¥Tor "full-area” mneasures of benefits, this is a
sarious handicap.

No one of the previously stated objections may be over-
riding when taken by {tself. But the cumulative effect of
these many criticisms could be of substantial magnitude.
FPurthermore, potentially difficult policy decisions often
muast be made at ceir*ain stages in the evaluation of a proposed
facility or project. From the technical standpoint this
suggests that the best capital budgeting procedure would be
one that minimizes the number of applicable criticisms and

diffiocult policy deciesions. The purpose should be to arrive

at a corract budgeting ox investment decision with a minimum

of assumptions and required information gethering. One

obvious way to do this is to proceed sequentially. Projects
initially should be tested for feasibility with a minimum of
assumptions and avoiding a maximum of difficultiea. If proven
infaasible under these conditions, additional assumptions and
decisions should be introduced in approximate order of *defen~
sibility®, testing for feasibility at each stage. The process
gshould continue until conditional feasibility or total in-

feasibility was clearly established. It is thise sequential



PIGURE 1l: Observed demand data points.




process that we refer to when 8~eking explicit identification
of qualitative decigion points.
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Description of the Computational Procedure

In addition to the characteristics of closer integration
of pricing and capital budgeting, explicit identification of
qualitative decision points, and the oconscious use of prioing
schemes as planning instruments, it is desirable to construct
a procedure which keeps the needed series of computations
relatively simple and straightforward. Although our model
was programmed for an electronic digital computerl,our assump-
tions of strict linearity of demand and supply functions
enable an ordinary desk caloulator to suffice if an aelectronic
computer is unavailable.2

The linearity constraint on the demand and especially on
the supply functions can be relaxed without too great an
inorease in computational labor, but dapartura from linearity
for what we call the "composite net outlay” curves creates
considerable arithmetical difficulty. These problems are

strictly computational, howaever, not conceptual. Indeed,

conceptually the procedure is almost completely general; the

1'r?he IBM 7094 at the Harvard University Computing Center,

ZAn estimate of the man hours required for the necessary
compvtations is difficult to state in abstraction from a
specific case. 7The work involved, however, is no more time
consuming than nost simple statistical regressions or
cngineering calculations.
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only requirements are that present capital costs of thae faci-
lity and its demand and supply functions over the ralevant
planning pericd be estimated, and an appropriate rate of
discount (or range of rates) bo upecified. 1In short, even if
the linearity constraints are relaxed, the conceptual procedure
remains essentially as described.

As noted, exogcneous informaetion needed as inputs to the
model include estimates of the demand and supply functions for
each time interval of the total planning pariod, including
peak and off-psak period demand estimates.l The supply func-
tions, furthermore, pertain only to all factors other thas. the
fixed or capital facility under investigation. Depanding up.:
circumstances, the functions could shift but retain conatantc
slope over time, or the slopes could change over tir. also.
The demand functions are assumed to be mon.t~nically decreasing

and can be exprassed in aymbols as:

D= f(P, T, K, Y, N, ...) ,
where P = price of product or service,
T = tinme,

K = cost of physical facility capacity,
Y = consumer income, and

N = growth in population.

Simi’.arly, the supply functions for all factors other than

1We gpecify a time interval arbitrarily as one year. The
lengcn of the planning period, normally about the same as the
economic life of the system, can easily be changed to reflect
different estimates of economic life.




the fixed facility are:

S =g(P, T, K, Y, N, ...)

for any one time interval. These supply functions, again,

pertain to the offering of all .abor, administrative and other
#kills needed to “complete”
joir

the facility's productivity when

ed with the fixed capital outlay or project under inves-

tigstion. It would be expected, moreover, that every different

investment alternative normally would have a different supply

function. 1In particular, differences in the productive capa-

city of different aliarnatives would be expressed by differen-
ces in the slope or shape of the supply functions.

The effective demand for a facility or its “net outlay

curve” (as we shall term it) can be obcained for every time

intaerval by substracting the supply from the demand functions

in each interval. These net curves represent the derived

demand for the facility itself after all cost other than

charges for facility use have been subtracted, and are thus

net iffective demands for thae facility's capacity.l Assuv.aption

of linear supply and demand curves greatly facilitatas the
derivation of net outlay curves, as shown in Figure 2. As

Pigure 3 illustrates, howaver, assumption of a curved or even

a kinked supply curve does littie to increase mathematical

complexity if only the two axes' intercepts are used to specify

the several net outlay curves. As shown in Figure 3, the

1'I'hese curves are akin to th

e derived demand curves of A,
garahgll. See his Prinaipl

88 of Economics (8th edition),
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PIGURE 21 Not outlay curve (Q__.) derived from
. net
linear demand and supply curves in
time interval t.




0
(a)

Curvilinear supply funotion. Q

o
(b)

Linear supply function.

PIGURE 3:

Derivation of linear net outlay
curves, with assumptions of linear

crmee wicomm Vs Bremmbd ana




resulting liiear approximation is generally conservative over
the length of the net outlay function.

These net outlay curves provide a basis for evaluating
diffarent pricing policies and thereby the potential benefits
of the capital .nvostment. Moreover, two types of net outlay
curves could be de“ermined for sach time interval: one for
peak and one for nlack psriod demands. The computations des-
cribed subsequantly epply identically to each type, with
aggregate vilues be .ng the sum of values found using each
type of net outlay curve. As Steiner has pointed out,l such
net outlay curveg can be very useful in enalyzing peak and
off-peak pricing precblems for productive facilities, particu-
larly where a so-called *shifting peak® may exist. To deter-
mine the maximum amount of capaclty justified under peak and
off-peak demand conditions, the net outlay curves must be

added vertiocally, as shown in PFigure 4. Steiner assumes that

}
g ,6 in Pigure 4 is the constant cost of providirg a unit of
capacity, independent nf the amount of capacity required.

Thus, P1 and P, &re the pesk and off-peak prices regpectively

1P. 0. Steiner, in "Paak Loads and Efficient Pricing,® The
Quarterly Journsl of geconomics, Vol. LXXI, No. 4 (November,

1987, pp. DQ8it. For an earlier tzeatment of peak load
prioing which arrived at essentially the same conclusions
sae Marcel Boiteaux, “peaak Load Pricing,” in James R. Nelson

(ed.) Marginal Cost Pricing in Practice (Englewood Cliffs,
N.J.: Pren ce-dall, Inc., 1964), pp.29-89.




PIGURE 4:

Cnet

Vertical addition of peak and slack
period net outlay curves, showing a
“shifting peak® case. (Adapted from
Stelner (op.cit.), Pigure 1, p.588).
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and xo represents the units of capacity required.l
Determining revenues available to finance an investment
under different pricing policies alao can be done expeditiously
by aimply adding the poak and slack period net outlay curves
of each time interval (appropriately discounted), but in this
case summing horizontally rather than vertically. That is,
the net outlay curves for each time interval should be dig-
counted to the present using the appropriate present value
!!m:t;m'2 according to the relovant time interval and the dia-
count rate selected. Since the discounted net outlay curves
of cach type are to be aggregated horizontally along the
quantity axis, they are expressed for convenience mathemati -
cally with relation to that axis. That is, the intercept A

in the linear equation

Quot = A - BP

is the quantity (Q) axis intercept and B is the slope with
referance to the vertical price (P) axis. Composite peak and
slack period discounted net outlay curves for the total plan-
ning period are shown in Figure 5, and are piecewise linear

functions. 6Strictly linear proxies for the piecewise linear

1Steiner (op.cit.), p. $87. The assumption of a constant
seems rather unrealistic. Capital cost should vary according
to the cost parametexrs of the particular facility under inves-
tigation, and its physical design and size. Therefore, capa-
city cost varies as a function of output in the present modsl.

2The computer program is designed to allow a range of dis-
count rates to be tested. Thus, the sensitivity of the plan-
ning decision to the interest rates can readily be determined.
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composite curves can be found by taking the price axis inter-

~apts to be the arithmatic mean of all the individual net

outlay curve price intercepts weighted by their relevant

present value factors. Cnce the weighted mean price interocept

is found (Pm in Pigure 5) the slope of the proxy curve in each |
case follows easily and the functions are completely descoribed. !
The area under each linear approximation is equal to that

under the relevant piecewisa linear curve.

The question arises. obviously, of how much accuracy is
sacrificed by using such iinear approximations. Only if the
price axis intercepts of the individual net outlay curves vary
over a wide range, or alse if theie are very few time intexrvals
being considered --say less than five-~- will the wpproximations
affact the price levels gubsequently detaermined, and then only
prices in the higher portion of the pricing schedule. If the
axis intercept is small relative to the gquantity axias inter-
cept, loss of accuracy with rospect to price lavels cetermined
is negligible.

Having obtained oui linear composgite discounted net outlay
ourves for peak and off~peak consumers, experiments can be
conducted with different pricing schemes and pertinent guali-
tative decision points can pe identified. First, a contingency

check should be made to see Lf the alternative projects pro-

posed are economicaliy feasible even with total discounted

consumers' purplus (the entire are under the composite net

outlay curves) counted as benefits. If present gross benefits

less present costs prove to be negative after thie check, it




is time to stop and reconsider the need for the facility or at
least its estimated design and construction costs. In some
instances, of course, there may be prevailing, non-economio
arquments favoring construotion of the facility. Here they
should be spucified and considered, and their importance
weighed at least gualitatively against the economic defioit
resulting from construction of the fac.lity.

Por the alternative projects passing the first contingency
check, gelection of the optimal project could proceed, if so
desired, by identifying that facility which generates the
maximum revenue. The prices in the peak and slack periods
which will return maximum revenue for each facility are those
at the unit elastic points on the discounted composite net
outlay curves for peak and off-peak periods respectively, as
shown in Pigure 6.

If the baest of the available alternatives selected in
this fashion provides a positive net present revenue, then
for the private sector (assuming maximum profit from the fa~

cility as tne criterion), the optimal pricing schedule is

simultaneously determined. In the public sector case, where
maximizing use of the faocility may be the objective, along
with self-recovery of facility costs, the pricing scheme
illustrated in Pigure 7 would be optimal. By recursive tes-

ting, the reotangle OABC, whose area represents the cost gtream

of the facility discounted to the present, is found to corres-

pond to the lowest price consistent with the facility being

/ self-gufficient; it is fitted under the vertically combined
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peak and off-peak net outlay curves. The net peak and off-
peak prices, then, as shown in Pigqure 7, are Pp and Py for
maximum use. If the ®present cost ractangle® should fit below
the kink in the vertically added composite curves (for example,
ODEF) , a single pesk period only price, at ¥ in Figure 7, for
all peak period consumers and a zero facility price for off-
peak users will generate maximum usage.

Of course, the objective of pricing policy, in a situation
characterizad by sharply different peak and off-poak demands
might not always be oriented to either profit-maximization or
use-maximization (subject to the constraints that users pay the
marginal costs of what they consume and for all or most of the
capacity). Por example, the objective could be a single yet
fully compensatory price for all users. The grounds might be
simply administrative expediency or some simple "equity®™ concept
that everyone should pay part of the cost. Alternatively, price
alasticities of demnd1 might be 80 low as to make price discri-
mination simply not worth the effort or extra administrative cost

Por example, the situation might be as illustrated in
Figure 8. The demand curves represent the effective demands
for capacity: D, for the off-peak, Dp for the peak, and Dy for
the horizontal sum of the two demand curves. P, »8 the common
or single price that will yield sufficient revenue to pay for
the capacity if levied against both peak and off-peak users.

Pp is the price that would yield the same requisite

1300 Section II above, for a discussion of demand elasticities.




amount if charged to peak hour users only. A3 drawn in this
axample, off-peak users would be charged nothing for capacity
since no shift in the peak would occur even at this minimum
charge. The effect of levying a common price in both periods
as against price discriminating, therefore, is to reduce
usage in the off-peak from Qé to Q, and to increase it fron
Qé to Qp in the peak and at the same time redistribute the
burden of the capacity costs away from peak and onto slack
period users. In this particular {llustrative case, total
use is decreased by a common price since the price elasticity
of demand in the off-peak is shown to be greater than during
the peak. The reverse, however, could be true
in real npplicetions.l Again, it ie entirely possible that
under some circumstances any reduction in usage occasioned by
a single price might be viewed as a small *cost” to be paid
for the administrative simplicity of a single price system.
Of course, even the beat alternative project might fail
to generate a non-negative net present revenue under any type
of non-discriminatory pricing scheme, including differentiation
betwaen peak and slack period users. Two additional types of
price discrimination schemas might then be tested, inter-
consumer and inter~temporal, to see if by systematic price
discrimination of either type, a positive or at least zero
net present revenue can be achieved.

In the inter-consumer case, separate price levels can be

1Indead, such a reversal may well be the case of travel

AnmanAd fav wrhen ovnranawava in the United States.
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FIGURE 6: Maximum revenue and use price levels.
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FIGURE 73 Optimal peak and off-peak prices
for maximum use with net present
value equal to szero.




PIGURE 8: Effects of a single and fully
compensatory price charged to
all consumers, in a peak and

slack period demand situation.
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found by straightforward trigonometric manipulation of the
area under the discounted couposite peak and off-peak net
outiay curves. As soon as enough revenue ig obtained to ful-
fill the specified objective and constraints, the number of
discriminatory levels of peak and off-peak prices is fixed.
In keeping with our plausible assumptions that administrative
simplicity and consumer accaeptance are desirable, the testing
within the model follows a recursive sequance of permutations

of price levels and moves from most simple and probably admi-

nistratively feasible to least. Table I indicates the cequence

of inter-consumer price testing, with a maximum numb~r of gix
price levels: three for peak and three for slack period con-

sumers. Thia arbitrary upper limit of six levels could be

increased, but at a concommitant relative loss of computational

and administrative simplicity and probable consumer acceptance.

Determination of optimal or acceptable inter-temporal
pricing schemes raelative to some objective is somewhat mora

involved computationally than for the inter-consumer case.

Suppoase the objaective is to determine the optimal inter-tempo-

ral pricing scheme with a maximum of two price lavels (again,
an arbitrary upper limit easily changed) over the “otal plan-
ning period. The problem is composed of two closely inter-
relataed parts. We must ascertain 1) the lengths of the two
subperiods of the total planning period, and 2) the price
levels within each subperiods for both peak and of f-peak

users. Additional assumption, mentioned earlier, which inci-

dentally helps keep the number of poesible permutations in




TABLE I

MODEL SEQUENCE OF INTER-CONSUMER PRICE LEVELS

TESTS (NUMBER OF SEPARATE PRICE LEVELS)
| 2 3 4 5 6 7 8




the model within reasonable bounds, is that prices must decline
(or rise) over time. For example, in a two level intar-tempo-
ral pricing scheme, the second price charged might be cons-
trained to some fraction of the initial price. Such a cons-
traint seems quite realistic, particularly when considering
the introduction of new products or services. The opposite
essumption is also permissable within tha model, but it may
often seem less plausible. If the second type or constraint J
is assumed, then the model helps to identify the minimum inocre-
ment of increase in price, of all the feasible increments,
which meats the objective,

As an illustrative example of the inter-temporal algorithm,
consider a planning period composed of, say, twenty time inter-
vals. The extremum conditions for the two-level inter-temporal
scheme are: 1) charge the initial price in the first time
interval and the secondary price in the remaining nineteen, or 2)
2) charge the initial price over the first nineteen periods
and the secondary price in the last time interval only. For
any subperiod of more than one time interval, the best single
price for that subperiod is found in a manner analogous to
finéing the single best price for the total period described
above. It is more convenient within the algorithm, however,
particularly with computers, to obtain optimal prices in a
somewhat different manner from that described previously. It
i3 more convenient to find first the single best price in a
subperioa, defined to be the arithmetio mean of the unit

elastic prives of each of the component time intervals of the
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subperiod weighted by their associated output quantities
suitably discounted to the present. The prices for peak and
slack users found by thia mathod is equivalent to that of the
wathod describad above nand illustrated in Figure 8, but the
mathematical format is more amenable to making subsequent

iterations as necessary. The weighting factor for any time

interval unit elastic price is

Wt - __ggmm

(+nt
and the eingle optimal price within a subperiod of the total
planniny period compused of, say, intervals one to five, is
then

vhere Pt: is the unit elastic price for tims interval t.

The computer algorithm proceeds i{teratively to determine
the optimal price lavels for each possible cowmbination of
subperiods within the total planning period until the neot
pre.ent revenue genurated ie non-negative and the constraint
of decreasing or increasing price levels is met. The number
of inter-temporal price levels can be increased beyond two at
a substantial increase in computer time required for the cal-
culation. A sample listing of the requisite values obtained
by hand methods for a five-interval subperiod and for peak

period demand only, is given in Table II. Appendix A contains



a4 tabular guide for hand calculation of a single optimal peak
period price using hypothetical data. Appendix B is a flow

diagram of the computer pProgram for the model.
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E II

INTER-TEMPORAL PRICING SCHEME CALCULATIONS
POR THE BEST SINGLE PEAK PERIOD PRICE, WITH
AN INTZREST RATE OF TWO PERCENT AND A FIVE
(t - 1' e v o 5,

YEAR PLANNING PERIOD

¢ Pe Q We WePy
1 5.00 4.54 4.46 22.28
2 6.00 5.54 5.33 31.98
3 7.00 6.36 6.00 41.98
4 8.00 7.27 6.72 53.75
5 9.00 8.18 7.41 66.70
= 29,92 &= 216.69
>3
- W P
Py m it o 216.69 P, = 7.24 units
13 29.92 13
Z W, :
1
NOTES
1. t is time intarval in years.
2. P is unit elastic price leval in time interval t.
3. Q. is associated output quantity at price Pys
obtained {rom Q¢ Curve in time interval t.
S. Sae Appendix A for input data.
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Summary

This paper p-esents some technigues which could be used
in confronting conp ex capital budgeting and pricing problems.
The suggested procedaras differ in several significant aspects
from more conventional capital budgeting procedures. For
example, it is asserted that capital budgeting should not be
accomplished in isolation from pricing coneiderations, and a
procedure ies suggested wherein pricing problems and capital
budgeting are more closely integrated. Additionally, pricing
policies are recogniszed as instruments for planning which can
be used directly to help achieve some stated objective for the
capital facility. Another attribute of the model is that
broadar issues and variables in the social and political con-
taxt of the proposed capital facility, varliables perhaps not
susceptible tc facile quantification, can nevertheless be
coneideraed explicitly at specified decision points within
the planning process.

A central argumaent of this paper has been that sensible
capital budgeting requires knowledge of the effective demand
or "net outlay” for the capacity created by any prospactive
capital investment. This, in turn, means that the supply
prices of all other factors required to produce the final
product or service in question must be known as well as the

demand function for that final output. Purthermore, knowledge




of the effeotive demand for new capacity can only be converted
into an estimate of pProspective revenues or benefits {f gsome
stipulation is made of the objectives sougnt by those persons

or organizations controlling pricing policy together with the

 d constraints, administrative or economic, under which these
}-108 . policies are executed.
icts To accurately definea these objectives and constraints
requires information or decisions on many matters: the extent
3 ‘é’ to whioh vonsistency is sought in the decision procesces used
a by different classes of policy makers, both public and private;
i whether profit or use maximization is considered the socially
1ng moat suitable goal; the possibility and justifiability of
an subsidization; the value attached to simplicity in adminig-
the trative wmachanisms; and so forth. Many or most of these
issues are not likely to be easily settled, ot course. all
o= ’ can involve some subjectiva and political judgements of con-
ct aﬁ' siderable complexity. A contribution of the presant procedure
- ia that some of the complexity is reduced, and subtle inter-
relationships are clarified, at least in the quantifiable
portions of the planning analyses.
e
d
i a
edge
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APPENDIX A

BAMPLE CALCULATIONS TO IDENTIFY THE BEST SINGLE PRICE
FOR MAXIMUM REVENUE, WITH AN INTEREST RATE OF TWO
PERCENT AND A PLANNING PERIOD OF FIVE YEARS ASSUMEL.

(PEAK PERIOD CURVES ONLY)

INPUT DATA ARRAYS

mnvm. D, D> S¢ s:

{YEARS)
1 20 1.0 10* .1
2 22 1.0 10 .1
3 24 1.0 10 .1
4 26 1.0 10 .1
5 28 1.0 10 .1
* In demand and supply units

NOTES,

l. Assumo constant demand and supply slopes;
right~shifting ‘ancreasing) peak period
demand over time.

2. Present value factor (PRVP) 18 1 / (1 + t)t.

is price axis intercept of peak period
demand ocurve at time t.

is price axis intercept of supply curve at
time ¢,

is slope of peak period demand curve in
time interval t.

is slope of supply curve in time interval t.
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TABULAR CALCULATI NG FOR BUST SINCLE PEAK PERIOD PRICE

t P - . - . .
PRVF Plt At at DLSAt Cbt nﬁﬂt
) .98039 10.00 9.09 909 8.91
. . 909 . 45,45 44,56
2 «26117 12.00 10.91 <909 10.4¢ 65.45 62.91
3 24232 14.00 22.73 .509 11.99 89.09 £3.95
4 .92385 16.00 14.55 .909 13.44 116.36 107.50
S «90573 .8.00 16.35 .909 14.82 147.27 133,39
59.65 463.63 432,32
KOTES;
., 1. th ie tha yrice axis intercept of tho paak period net
outlay «irve in time inteival t: PI = D: - S:.
2. At is tho quastity axie intarcept of tha peak period net
outlay curve in time intecval t: At - PIt / Dg + Stt’ .
3. Bt is the slops oi the paax pariod net outlay curve with
refarence to the price axis in time intorval t:
Bt - At / PI: .
4. DISAt i8 thae ;‘t intercept discounteu to the present.
5. CSt is the censuners' surplus In time interval t.
” 6. DCSt is CSt disciuntad to the presaat.
7. DAC is the quanti:y axis (Q) intercept of the composite
nat outiay cv cve discounted to the prasent:
DAC = DISA, ) DAC = 59.65 waita.
Y
8. PIC i3 the compouite peak period net outlay curve
prica axis intercept.
9. BC is the slope of the linear composite paak period
net outlay cuirve:
BC = DAC / PIC
L. 10. P' is the single best peak period price for maximum

reveanua:
PLC = 2 x bCS / DAC
&t
p" = pIC / 2 P = 7.25 units.




APPENDIX B

DIAGRAM OF COMPUTATIONAL PROCEDURE

Data: Peak and oft-peak demand functions, supply

functions, each project, each time interval

L

Data: Ccastruction, maintenanco, othez costs,

pianning priod, discount rates, each
project.

2ach discount yatay

Find present cost, each projact

.
>

Calculate net outlay curves, peak and off-peak,
discount to present value.

intarval)

(each project)
(each time

present value of consumers' surplus

Aggregate net outlay curves horizontally; find !
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1

Qualitative
factors:include
(-) project?

m i
s 4
) A
o ‘ Compute net present revenue at unit
()
. elastic prices
: - :
- J
p s \L (cont'q)

~

i
i Py

e ""‘!




]

S

.alitative
t ctors:includ
} project?

(contd.)

—
~

e

-

net present revenue)
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Select "best" project (max, FP -4 other than

strictly
economic?

Y

Try systematic price
disccimination to sea
if net present revenue
is 20

Inter-consumer: up to
3 price levels, peak
and off-peak

Inter-temporals up to
2 price levels.

l

Output discriminatory
price levals and net

F
[ Net Pras,
l Rev.

Qualitative fac-

(+)

-

Choosa basic

max., profit or use

{max, use)

(max. profit)

pricing objaective: |4

|
'd

Output price
levels from (A)

Agqgregate peak and
off-peak net cutlay
curves vertically

l

Find peak and off-peak

present revenue

{(each discount rate!

prices for max. use
with net present rev.
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