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This paper shows optimal (marginal-cost) transfer pricsng with technology choice
(K/L) and demand fluctuations (off-peak/peak) in a sumpie manufacturing mode!

Technology, 1s making major components or use of new or capial-ttensive
technology Technofogy, 1s buying major components or use of old or labor-
wntensive  technology. We demonsirate graplucally, mathematicatly, and
numerically that with technology, avatlable to the manufacruring division o
provide the excess of peak over off-peak demand, then ihe optimal transfer price
w15 15 far lower than of only technology, were avadable. Thiy should make
marginal-cost peak-load sransfer pricing more iolerable to corporation managers.
Further, not only P, becomes lower, but 3, becomes higher. The firn is producing
more than if oniy wchnology, were avaiiable (under negatively-sloped-demand
schedules facing the firm). This has macroeconomic implications i aiding
economic growih end creasing the susiainability of econonuc upturns

introduction

This paper shows transfer pricing with technology choice and demand fluctnations
in a simple manufacturing modei. No cne has done this before Our model is that of
Hirshleifer as presented by a modem managerial economics text {Salvatore, 1989, p.
525). We incorporate features of our previous work on technology choice in a setting of
competitive manufacturing.

Transter prices are the prices that unity of a company charge each other for goods
or services. Transfer prices in this analysis have no dwect effect on a company’s
consochdated financial statements because intracompany profits and losses are
elimnated i consohidation. Further, we assume no tax considerations and no control
frictions. Transfer prices can mdirectly affect corporate profits if they affect man-
agement’s decisions on how and what tc manufaciure and how to price the final goods.
It 15 this indirect impact this article addresses. This is a theoretical paper that highlights
implications for policy and for emprrical analysis.
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4 Aranoff

Consider a firm with two divisions: a manufacturing division, A, that sells an
intermed:ate product to a marketing division, B. Division A has two ways to manu-
facture the product: using technologyy, a capital-intensive method {new machines or
making components) or using technology, , a labor-intensive method {old machines or
buying components) or a combmation Technologyy is output rigid and technology, is
output flexible because technology, can handle changes in output rates more
economically. Each technology is the common cost accounting model of Linear total
costs and capacity lunuts. Demand for the ‘inal product tluctuates between low demand
with w, frequency and high demand with w, frequency.

We demonstrate graphically, mathematically, and numerically that the optimal
transfer pricing is that P, must he between the unit vanable costs of the two tech-
nologies and P, must equal what would occur if A used the old or labor-intensive
method exclustvely in both periods This argues for flexible transfer pricing” low in low-
demand times and kugh in high-demand times. Our new mnsight 1s that where managers
can use technology; to supply the increment of peak over off-peak demand, then P,
becomes dramaticaily decreased and the swing off-peak versus peak optimal prices
becomes muted, compared with only technologyy available. This should make
marginal-cost peak-load pricing more understandable and tolerable to corporation
managers.

Not only does P2 become lower with diverse technology available to division A but
also O, becomes higher The firm is producing more than it would if only technologyk
were available (under negatively-sioped demand schedules facing the firm). This
suggests a profound advantage to having technology; availabie i a manufacturing
division to meet peak demands —the firm’s cutput becomes higher in peak demand
simes. This has macroeconomic implications m aiding economic growth: and mcreasing
the sustamnabiiity of economic uptumns.

Noveity of our Approach

The novelty of our approach s that i our mode! the transfer pricing problem under
demand fluctuations is the peak-load problem m utihity economics. Qur previous work
{1995) establishes the conditions when the transfer price problem becomes the peak-
ioad problem. Under the condittons of cur model managers should use a flexible
system. charging a hugh transfer price durmg penods of full capacity and a low transfer
price durng periods of idle capacity

We base much of our research on the writings of John M. Clark, who wrote exten-
sively on the economics of fixed costs Werner G Frank shows how prescient Clark
was. Clark emphasized the importance of “freedom of exit” of durable and specific
assets durmg economic downturns.

The model here, especially the aspect of investment under demand fluctuations, 1s
simular to Wilhiamson (1966} and Crew and Klemndorfer {1986). Wiliiamson does not
consider technology choice, which we do here. We use Williamson’s approach in
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determining industry capacity. Crew and Klemdorfer provide the path-breaking work on
conditions for diverse technology to coexist. It 1s our ciaim (1989) that the choice of
diverse technology for competitive manufacturing s a choice betw een output-nigid
{technologyy) and output-flexible {technology, ) technologies

Typical transfer pricing problems at the end of chapters en transfer pricing m cost-
accounting and manager:al economics texis and on the CPA exams mvolve durable and
specific assets, linear total costs, capacity limits, and demand fluctuations These factors
cause 1dle capacity to be a normal situation for the major part of a business cycle. Thrs
1 a theme of John M. Clark.' The focus 1s determumng optimal transfer pricing under
these conditions

Our work here 15 a long-run theoietical equilibrium analysis We use the economic
principle that marginal-cost pricing generates Parcto-efficient resuits under theoretical
conditions. Elsewhere we explore the practical question of how managers should make
capital-budgeting decistons with technology choice and demand fluctuations in a simple
manufactuiing model. Cur conclusions are (1992, p. 416).

Managers should draw (by using their computer and spreadsheet program) a

SRAC curve for cach mvestment possibility This paper focuses on the shape

of the SRAC and the importance of knowing its shape in capstal-budgeting

decisions

Cutput Flexibitity

Dfferent technologies have varying degrees of output flexibility n the sense of
easc of handimg changes n the rate of output. This 15 a non-standard defimtion.
Economists define output flexibility as the relative flatness of the short-run average cost
(SAC) and short-run margmnal (SMC) curves. An output-flexible technology has flat-
bottomed SAC and SMC curves, while an output-rigid technology has steeply U-shaped
curves. Furnovsky (1973} uses the term production flexibifin wiile Hiebert (15989) uses
the term cost flexibility

Figure 1 1s from a classic article by George . Stgler {1939) showing SAC curves
of two types of plants producing the same product One curve represents the output-
flexible technology, and the other shows output-ngid technology (Stigler, 1939, p 317).
In Sugler’s ilustration. if output rates were to fluctuate between pomnts W and 7, then
the cutput-rigid technology would produce at lower costs. If they were to fluctuate

Ies

' Clark (1923, p v states indecd the whole subject of the hook might be defined as 2 study
of discrepancies between an ever fluctuating demand and a relanively mmelastic fund of productive
capacity, resulting in wastes of partial idleness, and imany other economic disturbances Unased
capacity ts its central theme ™

"Friedman (1962, p 138) suggests that Stigler may have been the first to wiite on the economics
of output flexibility Stigler, however. traces the foundations of the subject to LM Clark’s 1923)
carhier work, noting (Stigler, 1939, p 312n) “Mosrt of the phenomena under consideration have
been discussed. although not with reference to formal cost theory, by JM Clark 1 The
Econonucs of OQverhead Coss {1923), especially chapters vand wi 7
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6 Aranoff

between pownts A and K, then the output-flexible technoiogy would produce at lower
costs

Figure 1—Short-Run Average Cost Curves of Two Technologies

JOutput-Rigid

8 funit
Qutput-Flexible

......
---------

Guentity/t

Output fexibility used here s sirictly production volume flexibility (Chang. 1993,
p. 77; Roller, 1990, p. 418) and nct product-cdesign flexibihity {also called economies of
scope).” Output flexibility is useful under fluctuations in demand for the same product.
Product-design fiexibility 1s useful when which products demanded fluctuates, such as
when consumers at certamn times demand product A more than product B for a given
price while at other times they demand product B more than product A at the same price
{Chang).

Optimal Transfer Pricing under Demand Fluctuations with Lin-
ear Totat Costs and Diverse Technology
Definition of the Model and its Terms and Assumptions

In this study we have a manufacturing or producticn division, A, transferring an
intermediate good to a distribution or marketing division, B There 1s no external market

*Kaplan {1989, p 217) states “Computer technology also permits much greater manufacturing
flextbility Increasingly. firms will compete based on economies of scope—the ability to produce
a wide variety of products on the same manufacturing equipment- --as opposed to economics of
scale- spreading fixed factory and divisional costs over a large volume of products. the
traditional source of competitive advantage for large U.S manufacturers ™ Milgrom and Roberts,
for example, when they talk of flexibie equipment refer to ease of switching to a different product

The model 1n this paper assumes single-purpose cquipment.
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for the intermediate good. One un:t of the intermediate good :s used to produce each
unit of the final good. The final good 1s a single homogenecus product and s perishable
or semiperishable such as cement. We use Q to mndicate an output rate for either the
intermediate or the final good. The firm is formed of only divisions A and B and 1t
manufzctures and sells only product Q. We assume no tax considerations and no control
frictions.

To model demand vanability, we assume a demand cycle of two periods, t; (low
demand) and t, (high demand)}, occurring with frequencies or probabilibes w and w»
where w; + w; = 1. The demands are mdependent m the sense that the price charged in
one period has no effect on the quantity demanded in the cther. To have periods of high
demand and low demand, we assume that the quantity demanded in t, is greater than the
quantity demanded in t; for the same price. To focus on direct ouiput response, we
assume that product Q 1s perishable in: the sense that one cannot store it, economically,
from peniod to period. Even if storage is possible, but because it 15 costly, 1t does not
elimmate the problem of optimal capacity under demand fluctuations.

The capital assets to produce  are durable but with a Emited useful economic life.
We assume the capital assets to be highly specific or specialized to the production of
only product G and to have a high cost of transfer or convers:on for an aliernate use (for
example, a cement kiln).

Intuitively, one can think of the two technologies identical except in a decision to
make or buy a major component needed for the final product: technologyy opts for
making the component, while technology; opts for buying the component ready made
from supphers.

Technologyy becomes capital intensive (expensive to build and cheap to operate)
because of the machinery needed ‘o manufacture the component, while technology, is
labor intensive (cheap to build and expensive to operate) because of the reduced need
for this machinery. Technologyy will kave lower variable operating cost-per-unit, due to
the presumably lower variabie manufacturing cost per unit to make the component than
the cost to buy the component. This assumes there are no specialist {irms that can
manufacture the component at a lower cost. Technologyy will have higher cost-per-unit
capactty because of the specialized machinery to manufacture the component.

One also could think of an example of old versus new cement kilns where new
kilns have lower per-unit operating costs due to technological improvement i cement
kilms. The per-umt capacity cost of old kilns would have to fall for old kilns to be
competitive with new kiins. This 15 much like prices on existing long-term bonds falling
if yields on new issues rise.

We can envision managers of division A walkimng into a plant manufacturing store
that has two shelves: technologyy (the manufacturing of all components or new
technology) and techrology: (the buying of sub-components or old technology). On
each shelf is a mode! plant that costs $1,000,000 to build Managers of division A can
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8 Aranoff

order any multiple or fraction of the model piant of each shelf. We assume no long-run
economies of scale for each technology.

A Linear Total Cost Model with Capacity Limits

In this mode! each technology-plant has:

e  Constant per-un:t variable operating cost.
e  Constant fixed-capacity costs.
% A maxunum operating rate.

Let b be constant per-unit vaniable operating cost. Eet B be per-unit fixed-capacity
cost where the numerator s the constant fixed-capacity costs over the cycie {(or over the
period) and the denominator s the maximum that the plant can produce over the cycle
{or over the period). Thus, f 15 an average fixed cost at max:mum operating rates.

Let g be maximum operating rate. With linear short-run tota! cost {STC) curves and
capacity himits, shori-run average cost {SAC) per unit falls steadily and reaches a
munnnum when cutput rates are at maximum. With STC=bq, + Bq, the minimum SAC
=b+ B when g, = g. In this formulation STC = VC + FC where V{ denotes variable
costs (VC =bg ) and FC denotes fixed costs (FC = Bq). The use of kinear total costs with
capacity limits is a commoen cost-accounting model; see Aranof¥ (1986, p. 588)."

Let ng be the number of plaats with technologyy and ny be the number of plants
with technclogy, . Each planty has a by, By, and gy (capacity rate), and eachplant; hasa
bi, Bi, and q; . A necessary condition for there not to be a dominant technology 1s that
the short-run margmal cost curves of the plants of each technologies must cross;
otherwise, whichever shori-run marginal cost curve lies everywhere below the other
would always be the more economical techuology. For example, no technology can
have both 2 hugher b anc a lower ¢ Let technology, have the higher b and the higher g.°

Behavioral Model

The behavioral mode! is short-run margmal-cost pricing. Managers of division A
are pure price {akers with cutput rates determined by price-marginal-cost equality. The
requirement that managers be pure price takers with linear total cost curves and absclute
capacity limuts assumes that managers will produce at their capacity g when the market

* We refer the reader to Johnston’s {1960) excellent and probab'y still valid chapter 6, “A Critique
ot the Critics,” where he justifies linear short-run cost functions, p. 170 “Three important points
to note . {a) that in the majonty of cases where statistical tests have been applied, the
hypothesis of a himear total cost function has not been rejected, (b) that most often no siatistically
significant improvement on the lincar hypothests is achieved by the inclusions of second- or
higher-degree terms 1n output, and (<) that supplementary tests, such as the examimation of
incremental cost ratios, usuaily confinn the linear hypothesis.”

* Hicbert (1989, p. 184) makes this same point. “... the marginal cost curves for two plants with
different flexibafitios will cross at least once.”
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price is greater than their b, will close when the market price is below their b, and will
be indifferent to production 1f the market price equals their b.

We assume that the demand curves facing the managers of division A are perfectly
elastic. To have both technologies viable over the long run, we assume that m low-
demand times the market price will exceed b only for plants wath technologyy We
assume that in high-demand times the market price will exceed b for both technologies.

Thus, in the off-peak period managers produce () where Q) = nxqgx In the peak
period they produce (3, where Q, = ngqx + ny gy. thewr maximum rates.

The long-ran equilibrium requirement is zero profil. The behavioral assumption is
that managers will buy plants from the plant manufacturing store only if they foresee
that, after purchase, expected profits over the cycle will be non-negative

The compensation package for divisional managers is based on technology choice
and capacity (the decision variables n this probiem). with a proviso that profits are not
negative. The firm delegates the decision for technology choice and capacity to the
managers of the producing divisions only for reasons of managenal development. In
this model there 1s no other reason for the firm to organize into autonomous divisions.
We assume no informational or incentive problems. We make the standard economic
assumption that managers will behave in a Pareto-optimal way and select technology
and capacity to maximize the firm’s value.

Graphic Presentation

The long-run decision variables are technology choice and capacity {ng and ny ).
Figures 2 and 3 show STC, SAC, and SMC curves of the model plant on each shelf in
the plant manufacturing store mentioned earlier.

Figure 4 shows SMC, as the sum of the marginal cost curves for all plants, and
plants; of division A. SMC, s bk for amounts up to 3, is by, for amounts between
and ;. and :s totally mnelastic for amounts over Q,. Figure 4 shows ‘he margmal
revenuc curves for the final good, MRyq, and MRyg: The figure does not show the
demand curves for the tinal good: Dig, and Dy, from which the marginal revenue
curves were derived. We assume that the Dy, and Dy 5, curves are negatively sloped.
Also not shown are SMCy, the marginal cost curves of division B, and SMC, ;, the
marginal cost curves of the firm. We assume that these SMC curves are upward slopmy.
The SMCrq curve is the vertical summation of the marginal cost curves of divisions A
and B.

The firm’s best or profit-maximizing level of outputs for the final product is Q; and
Q, is given by points {Q . MCrq, ) at which MRpg) = SMCyq and {Q,,SMCrg) at which
MRy 2 = SMCrq. The profit-maximizing prices of the final good will be Py,; and Py,
deternuned by the intersection of §; with Dy and G, with Dyg;. This analysis follows
Salvatcre (1989, p. 523), which 1s based on Hirshieifer but with the author’s extensions
to demand fluctuations and technology choice.
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Figure 2—Short-Run Total Cost Curves of Two Plants
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Figure 3—SRAC and SRMC of Two Plants
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Figure 4-—Transfer Pricing with Technology Choice and Demand Fluctuations

A = upstream division, B = downstream division, FG = final good

% Junit Not shown: Drar, Draz, SMCp, and SMCpe
e(C.Pro)
:1 Qa,SMCpa)
Optimal Transfer Brices ‘ By =bg + Bufwa
o{Q: Prei}
MEBRea
2 {Q: SMCrd)
B
Optiraal ’n"msf:r Bricey Py must e between bz snd by
b |SMCa = dSTC,1dQ
MEBron
G @ Intermediate or Final Good
¢ {nrax) tHaxex +nLge) Qf

The transfer prices of the intermediate product, P, and P,, are set equa!l to the
marginal costs of the intermediate product (SMC, = dTC,/dQ) at output levels §; and
Q,. The following section shows mathematically the conclusicns that P; must lie
between by and by and P> = by + Br/w,.

For division A, P, and P,, the optimal transfer prices, become perfectly elastic
demand and margmal revenue curves. These optimal transfer prices intersect the
margmal cost of production for division A at output levels Q; and Q,. Th:s assures us
that P and P, are the correct transfer prices for an mtermediate product with no external
market facing demand fiuctuations and technology choice.

Proposition |

These are the optima!l transfer pricing, P and P, under welfare maximization and
cost-minimizing short-run marginal-cost pricing with two technologies avzilable, K and
L. Each technology has hinear total costs and capacity limits where by <b; and By > B
Demand fluctuates such that m t,, which occurs with frequency w,, only technologyy, is
used and m t,, which occurs with frequency w,, both technologies are used.

O ——— Copyright © 2001- All-rights reserved- - - --—- -



12 Aranofl’
(E) bK < P; < bgﬂ and
(2} By=9y +Bi/w,

Proof

We first define some notation and make a few observations. Let ng be the number
of plants with technologyy and iy be the number of plants with technology, . Bach planty
has a b, Bk, and g {capacity rate), and each plant; has a by, B, and q,.

With fluctuating demand of known frequencies, w; and w» where wi+ wy= |, the
cost-minimizing and welfare-maximizing outptts are such that technologyy is used at
capacity at all times while techrology, is temporarily shut down in off-peak times and 1s
operated at capacity i peak demand times. This means that in the off-peak period 1, @
is procduced where Q) — nggx while in the peak period ¢, Q; is produced where (; =
nggx | my g because at the peak all piants produce at their maximum rates.

Now to the proof. Applymng the zero profit condition to technologyy:

(3} 0 —wiP Qs + woP2C) — (b + By

This gives us:

(4) WP+ woPy = by + B

Applying the zero profit condition to technology, :
{5) 0= woPxQy Q1) - Wb (G - Q) - Pu(Q, - Q).

This gives us:

(6) Py = b, + B
WZ

Ecuations {4) and {6) can be combined:
(7) W;Pg = - bLW’z — ?8; + bk + BK'

For plants; to shut down in ¢, requires P; <b; IfP, = by, then plants, are indiffer-
ent o producing, and some may be producing. Further, P, > by, or all plants, even
plantsy, may choose to shut down.

Using Welfare Maximization and Calculus

One can obtam these rules for optimal pricing using wetare maximization (as does
Willilamson} or by using constramnt maximization mvolving the XKuhn Tucker
sufficiency theorem (as do Crew and Kleindorier). The welfare maximizat:on approach
15 as follows:

Expected welfare 1s given by:

(8) W’;le‘?' Pn (Q)dQ"'WzJ.Usz(Q)dQ"quKnK —b.qlnLVVz !BKQRHK ——.qu_nh
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Technology choice and mdustry capacity are the vaniables by entry of ng planis of
technologyy and n; plants of technology; where Q= gyng and Q, = quag + i1 . The
maximization of expecied welfare with respect to g and ny_gives the pricing rules when
capacity is at its long-run welfare-maxzimizing vaiue and expected profits are zero.

9) W/on, =wPg, +w,Pg, -b g ~Beqe =0
10y OW/8ny, =wyPyqp —brquwy ~BraL =0
Equation {9) reduces to:
(I w Py +w,P =bg + Pk
Equation (1) reduces to:
(12)Py =by, =P/ wy

The satsfaction of the second-order conditions can be shown as follows, The
o . . . 2 5
second-order conditions require showing that W, W,, <0 and W, W,, > W’ where x
refers to ng and v refers to n;. We have:

Wy = wiBiay +woPyag —brak —Brax and Wy, =woPha —bygy wy —Brag
We get:

Py 2

g K
Xy

5EE 2
(13} W, =w|—>q"k +w
XX lﬁQg 2

Py s
(14) W, =wy—=2g’p
v zan

P,
(15} Wy =wy—=qxq;
¥ 3@2
The second order conditions are satisfied because W, and W, are negative due to
the assumption of negatively sloped demand curves and the assumption that the other
terms are positive. We can show that W,,W,, > szy because

. oP, | P2
(16} W Wyy = Wiy = wiwy (b =)a ke’ ,

v 8Q; " Q2
which must be positive again due to the assumption of negatively sioped demand
schedules.

In a similar vein, the constraint maximization mnvolving the Kuhn Tucker suffi-
ciency theorem approach is as follows.

‘The problem is to maximize welfare subject to a demand constraint that demand be
met in each period and to a production constraint that production not exceed capacity.
We can set up a Lagrangian, L, simular to Crew and Kleindorfer (p. 41). W is expected
welfare given in equation (8), Q. is capacity, and Q, is demand.
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(17) E=W+rQ -Q)+0 G, -Q+pQ -Q)+plQ -Q)
Crew and Kleindorfer’s analysis yields the same optimal pricing rules as does this
paper.

Numerical Example

Table 1: Mumerical Exampie for Division A, the Upstream Division

STCk = brgrHrgr STC, =bgtPia
bx= $24/ton b = $3I 2/ton
Bk= $12ion 3 = $4840n
gg = 0§72 tons/cycle q = 0% tons/cycie
FCx = BaXgg= 88 bdrcycle FCyx = BxXax= %4 32%kycle
SAC(mm} = $36/on SAC(mum), = $36/ton
W= 05 Wy = 05
Pr=bL= $31 2/ton Py= by +B/w,= 340 84on
Q1= 369 tons/perod Gy = 84 7 tons/pertod
Q1= grng Q2= gxnk +qi g
ng = 5125 plants . = 53 11 plants
TRi=P Q= SLI5S128 TRy= Py = $3.45576

E(TR) = wQ;P;+w,CQrPy~ $§2,303 52
E(VC)y= brgxng~by g war= S$1.631 28
E(FC)= BraxntBiane= $67224
Bi{m)= E(TR)-E(VO)R-E(FCy= § 000
AranofT"s output-flexibility
indicator E{AC)g, expected

average costs, with shutdown mn ¢y E(AC) , with shutdown i
and capacity in f; t; and capacity m t2
= BE(TC/EQIx = $48/on = BTCW/EQ) = $40 8/ton
E(AC ) —SAC(mmjk = $12/on E(ACH — SAC(min) — $4 8/ton

Table 1 illustrates optimal transfer pricing with technology chowe and demand
fluctuations in a simple manufacturing model. I purposely set SAC iy = SAC mmk 50
that readers would not think that the SAC ) point is of critical importance. Under
demand fluctuations with a perishable or semiperishable product (such as cement), often
the SAC ) point is of minor importance. To be true tc my model I couid have set a
lower SAC ) to technologyy; then P, would lie between by and by instead of equaling
by.

Table [ illustrates numbers for the cost curves of Figures 2 and 3. Perhaps tech-
nology, is the present method of manufacturmg. Division A is considering an
investment in rewer technology, technologyy that will lower VC and shift FC upward.
Technologyy is econcmucally justifiabie only 1f 1t 1s expected to be used at 100 percent
rated capacity m both periods, t; and t,. The older technology, technology, would
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become “stand-by” technology (Clark’s phrase) and be used only n t;, high demand
times.”

ot shown  the numerical example are the demand and marginal cost curves of
the final good soid by the downstream division. division B.

In the plant manufacturing storc mentioned earlier there 1s 2 model plant; on one
shelf and a modet planty on another shelf Customers can order any multiple of fraction
of the model plants. Thus, ng, n are the long-run decision variables m this problem.

Based on MRg,;, MRyqr (shown mn Figure 4), MCy, (not shown in Figure 4},
division B determines Q) and Q- as the Q for the intersections of the MR and MC
curves In the numerical example, by assumption, G, = 36.9 tons and Q, = 84.7 tons.
Because Q, = qiny, and Q> =gk + qup, ng = 36 9/0.72 =~ 51.25 plants; and n, = (84.7-
36.9)/09-53.11 plants; In this way we obtain specific values for the long-run decision
variables ng and n;.

Using the pricing rules Py=b; =312 and Py = by + By /w, = 40.8. E(x) = 0. This 1s
the expected result under SRMC pricing. We assume that inchuded in the FC 15 a return
on mvestmens at the weighed average cost of capital muitiplied by the investment. With
E(n) — O we have long-run equilibrium: there will be no tendency for further new
investment or disinvestment m the manufactunng of the intermediate product

Using Aranoft’s output-flexibility indicator { Aranof?. 1989, pp. 143-144 and 1692,
p. 416) one can demonstrate conclusively that technology; 1s more output flexible
because it has an indicator value of 4.8 versus 12 for technology,.

insights and Policy implications

The main insight of this theorstical study of optimal transfer pricing with technol-
ogy choice and demand fluctuations in a simple manufacturing model 15 that with the
availability of technology,. P, becomes far lower and (, higher then with only
technologyy available. This ts an important insight

Technology, 15 the buying of components, the use of old or labor-intensive tech-
nology Itis the more output-fiexible technology. This is the appropriate technology for
the mcrement of peak over off-peak capacity. Technologyy 15 the making of
components, the use of new technology or the capital-intensive technology. Ii's the
output-rigid technology. Under long-run equilibrium conditions, technology, 1s tsed at
capacity in both off-peak and peak-demand times.

With technology, available to the manufacturing division to provide the excess of
peak over off-peak demand, the optimal transfer price in t; 18 P = by + B /wy. This price
is far lower than P, = by + By/w» if only technologyy were available. Normally w», the
frequency of high demand, is a smali fraction of the business cycle and By, the cost per

“Clark {1961, p 137}, “Where techimigues have not changed radically, sccasionsa] peaks may be
most economically handled by retaining stand-by units of less than top efficiency, because capital
costs of replacing them with up-to-date units would outweigh the operating savings trom newer
units under pari-time operation
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16 Aranoff

unit capacity of technologyy, is a significant number. Thus, P, = by + Px/w> becomes an
extremely high number

In the numerical example, if only technologyy were available, Py =24 and P, — 48,
while the optimal transfer pricing with a mixture of technologies available P) — 31.2 and
P, =40.8. Thus, we have a dampening of the price swuigs under short-run marginal cost
peak-load pricing

This should make margmnal cost peak-load pricing far more understandable and
tolerable to corporation managers. John M. Clark (1961, pp. 121-122) writes with
profound insight on the difficulties facing short-run mearginal cost pricing in the real
world. ” For further discussion. see Aranoff (1991, pp. 49-51}

With diverse technology available to division A not only P, becomes lower but (;
becomes higher. I'he firm 1s producing more than would be if only technologyyx were
available (under negatively-sloped demand schedules tacing the firm}. This suggests a
profound advantage having technology, available m a manufacturing division to meet
peak demands—the firm’s output becomes higher mn peak-demand times This has
macroeconomic implications m awding ecomomuc growth and increasing the
sustainability of economic upturns

Empirical research 1s needed to see how common meeting the conditions of the
model of this paper are for corporations with muluple divisions that buy and sell
products to each other The author 1s convinced, from experience and mtuition, that
these conditions do occur with sufficient frequency to be important.
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