Alternative Methods of Cost Allocation for

Regulatory Constraint and Their Effects on

Ovutput Choices of a Discriminating Firm

By Kyu Uck Lie*

It is widely observed that nearly all regulated industries, especially public
utilities, engage in at least some simple forms of price discrimination among
different classes of customers. Yet economic analysis of monopoly regulation
has largely centered on simple monopoly, i.e., single-product single-price
monopoly. as is exemplified by the Averch-Johnson type of models.®
Therefore, these models deal mainly with input-choice effects of regulation
on a simple monopoly. In this paper we will consider price discrimination
explicitly and analyze output-choice effects of regulation on a discriminating
monopoly.

A regulatory agency can regulate some or all of the submarkets of a
discriminating firm and in practice it sometimes does one sometimes the
other. We use the term “overall regulation” to describe the case where all
submarkets of the firm are regulated”’ whereas partial 1‘egu1atjon is that
imposed only on some of its submarkets. Regulation of the inter state and
inter state operations of telephone and electricity firms and regulation of
intrastate gas utilities are of the overall type. An example of partial
regulation is that of interstate gas transmitters. The Federal Power Commi-
ssion (FPC) does not regulate direct sales of gas hy the interstate pipelines

to industrial consumers but does set profit limits on sales to gas utilities.

* Assistant professor ot economics, Illinois State University. 1 am grateful to William Baumal,
Elizabeth Bailev and Janusz Ordover for their helpful comments and criticism on earlier versi-
ons of this paper. Needless to say, all errors that that remain aie my own responsibility.

(1) The seminal paper 15 Averch and Johnson (1962). Among numerous later works some of the
more important ones ate Baumol and Klevorick (1970) that clanifies a number of issues relating
to the Averch-Johnson effect and Bailey (1973) that provides a broad analysis of regulatory
models.

{2) Overall regulation should not be confused with separate regulation. The former covers all
submarkets of the fim under a single jurisdiction whereas the latter refers to regulation of
different submarkets by different jurisdictional regulatory agencies. An example of separate
regulation 1s the separation of intra- and interstate regulation of the Bell System. We will not
deal with this issue here, because our analysis can readily be apphed to it.
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A special issue with important public policy implication arises in the
determination of the terms of partial regulation. When the rate base of a
partial-regulatory constraint contains a common cost, some device for impu-
tation of this cost is required, because the common cost, by definition, does
not come to us separated beilween the regulated and unregulated outputs.
The imputation of ccmimon cest 18, however. an important yet ccntroversial
issues both theoretically and proctically. As James MacKie (1970) aptly
described the issue:

Cost allccaticns are arbitraiy, as everycne knows. They can te logical.
appealing, and symrmetrical. tut still arbitrary, becauvse they divide scrre-
thing that 1s m fact vruted. The ccmmen cest has to ke allccated
because of regulaticn, not tecause allccaticn reflects raticnal rescurce
allocaticn. (p.12)
Without embarking on a futile search {or a logical methcd of cest allecation,
therefore, we will simply ccnsider three operational ccnventicns and study
therr effects on the [irm’s operation.

The method of cost imputation actually adopted by regulatory agencies.
notably the FFC. seems to be hased on ouput shares as in the Atlantic
Seaboard Formula.® Under this method, the proportion of total cost imputed
to regulated output depends on the share of total output that is accounted
for by regulated sales. In addition to this we will consider two other al-
lecaticn metheds. Cne is the constant share methed that was utilized by
Paul MacAvoy and Roger Noll (1973). We will also examine an imputation
method based on revenue shares. which secems to offer both practicality,
feasibility and some other advantages over the other two. The implications
of these three alternative methods wil ke studied in the rest of this paper.

We will arzue that the output decisions of a regulated discriminating firm
are exiremely sensitive to the methed of cost allocation. Specifically. we
will shew that partial regulaticn by the revenue share methed yields results
identical to those of overall regulation, whereas partial regulation by the
output share method usually has an effect opposite to that of partial regula-

tion by the constant share method. Thus, overall regulation or partial

(3) A comprehensice review of the output share methed is contained in Kahn (1971), p 130-8.
The specifics of the Atlantic Seaboard Foimula is found, for example, 1n Garfield and Lovejoy
(19613, p 182-1.
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regulation by the revenue share method is preferable to the other two forms
of partial regulation from the viewpoint of consumers as a whole in that it
has a balanced effect on individual submarkets whereas the latter two

largely do not.
I. Model

In order to demonstrate our results, we will make use of a markup cons-
traint rather than the more familiar one of a fair rate-of-return on capital
base. The former method of regulation does not distort efficiency in input
choices whereas the latter does, at least in theory.® As our purpose here
is to analyze output allocation effects of regulation, our use of the markup
constraint will simplify our argument and allow us to focus on this issue.
This will not alter our results in any fundamental way as we will indicate
later.®

The problem of a discriminating monopoly under markup regulation is to
maximize:

() =32 R )~ Coran)
subject to:

(2) i‘ Rilqo < ma,Coa)
where ¢ is output for the i-th submarket, 7 total profit, R, revenue from
the i-th submarket, C, total cost, ¢ total output, m the allowed markup, a,
the proportion of cost allocated to the regulated sectors under the j-th method
of allocation, n total number of submarkets and 4 number of regulated
submarkets. This formulation is sufficiently general for our purpose, since
n=1 for a simple monopoly, #>>1 for a discriminating monopoly, h=n for
overall regulation and A<» for partial regulation.

The numerical value of @, depends on the method of regulation, i.e.,

a,=a,=] for h=n.
and

0<Za, <1 for h<n.
As mentioned before we will examine the following three methods of cost

(4} A general proot of this proposition has been turnished, ¢ g, by Bailey, op. eit., p. 41-57.
(5) See footnote 13 below.
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allocation for partial regulation:
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) —=constant (constant shaic},

The Lagrangian for {13 and (2) is:

n h
CG) L(‘]l"'{]n-;@:‘ - Z Rz(‘QI\/‘ —C0+)‘j["2a](‘wu \(]r): — 3 RI(QL/‘.‘
=1 z

=
where 4, is positive for an effective constraint and the index number of j
varies for different methods of cost allocation, i.e., 7=0,1,2,3. For positive
values of ¢ (=-1,2,:-.n) and 2, we derive the following Kuhn-Tucker condi-
tions: ®

for a regulated output
< (1~2,)MR11(1—R,a,m)MCa—/?,mCa—gg] (=1,2,h,;

and for an unregulated output
(8 MR,;(1~Z}a,r;L)MC0~-A,nzCD»%gJ-(irh F-1, eeeny)

where MR,=dR,/dg, and MC,={3C,/8q, for 1=1,2, - ,n. D

Since the numbers are arbitrary, we will simplify our discussion by
considering only a pair of markets one of which is regulated and one
unregulated. For this purpose we will use subscripts « and r respectively
for the regulated and an unregulated submarket. Of course, we do not need
such a distinction in case of overall regulation. The superscripts 7 and * are

employed to denote the regulated and unregulated discriminatory optimum

(6) It has been proved by many authors (e.g. Baumol and Klevorick, and Bailey) that in the
moadel of regulated simple monopoly the value of the Lagrange multiplier for constrained profit
maximization 15 bounded by zero and unity. However, we cannot derive the same general result
tor our present model. One intuitive reason for this may lie in that our model 1s basically that
of partial regulation. If we interpret the Lagrange multiplier to measure the increment 1 the
objective due to a maigmal relaxation of the constramnt, there seems to be no a prior: reason
why 2, should always be less than unity in case of partial regulation That is, a unit relaxation
in the constraint on regulated revenues may or may mnot contribute to the increase in total
profit more than proportionately. Fortunately enough, our results are not qualified by the bound
on i, when such bounds are not ohvious

(7) To better characterize the discriminatory pricing behavior in the context of common cost we
assume heie that all of the cost Le common and hence MC, remains unchanged whether the
last unit of output 1s sold in one submarket or another. This will not harm ouw: results, of
course.
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respectively. The major results that we will establish for this pair of sub-
markets are summarized in the following:®

output_choice output_results
overall regulation (ay) MR7—MR” g>a% 920,
partial “rcgulalion
1evenue share {a,’ MR!= MR, @ q%, g,
output share (@) MR; < MR, =%, g=qr,
constant share (ay) MR:>>MR a=q¥, qi=qlk.

In other words, the revenue share method of partial regulation yields the
same results as overall regulation while the results of the other methods do
not, and involve considerable qualitative indeterminacies besides.

1. Overall Regulation

The output choice rule under overall regulation is derived from (7, i,e.,

(9) MRr~ MR, t:—{{él'fl—MCg\{z\a’ o forall 40 e:1,2, e 179

This result implies:

Proposition 1
Under overall regulation the output choice of a discriminating firm
will satisfy the optimality conditions for the unregulated firm in the
sense that marginal revenues are equal in all submarkets, and regulation
will induce the firm to lower price and hence increase output in all
submarkets.

We now discuss the first part of this proposition in more concrete terms
with the aid of a graphical device. In Figure 1 the RJ curve is the “optimal
aggregated revenue curve”“”, a point on which represents maximal revenue
hence maximal profit the firm can obtain by any allocation of a given
quantity of total output among individual submarkets. Therefore; the R

t8) In the following table equalities under output results do not hold simultaneously, since otherwise
regulation is not effective.

(9) The inequality is due to second-order condition for constrained profit maximization under overall
regulation, which implies. 1—2,>>0. We can here find a defimite bound on the Lagrange multi-
plier as in the model of regulated simple monopoly.

710y The R% cuive must be concave over the relevant range of output. If it has a valley before it
reaches its maximum point, it means that by optimally allocating and selling more output the
fitm obtains less total revenue. This 1s a contradiction.
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curve assumes that marginal revenues are equal in all submarkets {or any
level of total output."? The mC, curve describes the constraint. which
prohibits all points above that curve. That is, for the chosen level of ¢,
the firm is allowed to earn total revenue which is not greater than the
corresponding value of mC,. As these two curves intersect at B’’ and C’’.
we have two candidate solutions. Profit being larger for the solution C”7.
i.e., C'” C'”"> B’B”, however, the firm will produce total output OC. At
this output level marginal revenues are equal in all submarkets because the
R} curve is constructed to satisfy that condition.

Suppose the firm could find another solution by a nonoptimal output
allocation. The firm will then choose solution on a lower aggregated revenue
curve, say k¥ because the R,” curve is by definition the uppermost one.
Since the C, curve and hence mC, curve are not affected by different output
allocations, the new solution will be D’’. Profit is smaller here than for
C, l.e., D’D”<C"C"" because the absolute difference between C, and mC,
becomes smaller with smaller output. Hence, the optimal solution must lie
on the Ry curve and consequently marginal revenues are equal in all
submarkets.

The second part of Proposition 1 is already suggested by Figure 1, that
is, we have OC>> OA, and the necessity of this relationship can be verified
immediately. If total output is to be decreased by regulation, the constraint
curve must cut the R; curve to the left of A’/”, say E. This constraint
curve, say mC# will then increase faster than the RS curve to the right of
point E so that at output level QA it will lie above the point A’. In other
words, in this case regulation does not preclude unconstrained profit maxi-
mization and hence it violates our assumption that the regulatory constraint
is effective. If output is not altered by overall regulation, there is a similar
contradiction. Therefore, the only consistent result is an increase in total
output.

Having completed the proof of Proposition 1, we will briefly assess overall
regulation. Overall regulation is symmetric with respect to the firm’s choice
of distribution of its outputs among its submarkets and hence the firm
cannot lessen the burden of regulation by adjusting its output allocation

n 2
(11) This can be shown immediately by solving the problem maximuze ) R, subject to 2 @:=qs
=1

=1
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asymmetrically. This seems to be a trivial result but its significance will
become obvious shortly as we compare it with those of other methods of

regulation.

HIL Partial Regulation by the Revenue Share Method

For the revenue share method of allocation of common cost the regulatory

constraint (2) is written as:

" LR,
1=]
(10) IR < mC,
=1 2
TR,
1=
Substituting the partial derivative
R,
_Oay Tk
0. MK,
13 R
2=}
into (7), we obtain:
i-‘R, i R,
; X . . =1 1=kl
11y 1 a4 MR~ 1 -aum- IMC, -~ 4mCy—- ~MR,.
SR, (LR
=] =1

Rearranging (11) and taking note of (10) and

nd h
R, LR
1=h+1 PR3N
IO 1 I ,
i #
> R >R
=1 -1

we derive:
a2 LR ﬁ:l ROMR, = (5, R~ zlmé R, AMC,.
Since
SRk 21 R,

we rewrite (12) as:

» W » k .
(12) It Xf Ry=12 }:{IR” then X2 Roliym & R, for m>>1. Therefore, the lefthand side of (12, 36 zere
= = 11 1=1

whereas the righthand side of (12) is not. This is a contradicuion.
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" h
SR - Aam YR,
=1 =1
13 MR—— Mo,
n h
S R4 DR,
=1 1=1

Applying a similar procedure to MR], we can show:

(15 MR—MR;

This result shows that under partial regulation by the revenue share
method marginal revenues are equal in both regulated and unregulated
submarkets. We thus have the striking result that this method of partial

regulation leads to the same effects as overall regulation.

Proposition 2

Partial regulation by the revenue share method will yield the sam eeffects
as overall regulation. Therefore, marginal revenues are equal in all
submarkets and the firm will increase output in all submarkets.

The equivalence of this method of partial regulation to overall regulation
is easy to explain intuitively, since the constraint (10) can be rewritten
directly as:

ﬁ R, <mC,.
=1

which is nothing but the overall-regulatory constraint.® In other words.
what is apparently partial regulation by this method turns out just to be a
concealed form of overall regulation. Under this form of partial regulation,
sales in any individual submarkets simply are not constrained because the
constraint

3R <mC,
=1

treats sales in any markets interchangeably. Thus, the partial regulatory
constraint transforms itself into one affecting only the firm as a whole. It

713> The same result is obtammed for rate-ol-return constiaint, We can always teduce the constramnt:

i i
2: R, 2;%)?:
=1 =
R: - - ZULS SK
}: R, R,

1= :

M=

i

—-
it
.

i

%R,SwL+sK,

which is nothing but the oveirall rate-of-return constraint, where s is the allowed rate-of-return.
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therefore does not matter which markets are regulated. In other words, this
method of partial regulation is completely substitutable for overall regulation.
Because of its significance we will show more concretely why this must
hold and then interpret some of its implications.

i n
Consider Figure 1 again. The ();1 R./?;1 R.)°mC, curve describes a partial
regulatory constraint but it presupposes that the allocation of total output
h
is optimal for the firm. The LR’ curve represents the amount of revenue

that the firm obtains from the regulated submarkets by allocating a given
total output optimally. The intersection of these two curves, then, yields a
candidate solution. This solution corresponds to the one for overall regula-
tion, because

ZER, -m(C,,

=L

for overall regulation and

> R " R
T Re SR
d }1:»1 ! h =] !
DR = RO= - mC,,
1=l n s =1 ”
R R
=1 1=1
i.e.,
3
CCr= (e £

Let us now examine whether there can be a better solution for the firm
by a non-optimal allocation. If there is such a solution that satisfies the
constraint (10), then

h § .
2RF =(Z R/ X RE) mC¥
=] =1 1=1

which implies
53 R#- m(%,
=1

We showed in Section III that this entails a decrease in profit for the firm.
As far as the objective of the firm is profit maximization and not a mere
satisfaction of the constraint, therefore, this solution will be rejected.

In other words, the firm cannot obtain a higher profit by a non-optimal
output allocation than by an optimal one. The {irst candidate solution turns
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out to be one desired by the firm and accordingly the revenue share method
of partial regulation turns out to be identical with overall regulation. The
essential point here is that thé firm will adopt an output allocation which
is optimal for itself in its attempt to alleviate the burden of partial regulation
and at the same time all consumers of the firm will be benefited by this
choice of the firm. As we shall show in the following sections, this does
not necessarily hold for other methods of partial regulation and consequently

the purpose of regulation may not be served.

1V. Partial Regulation by the Output Share Method

The partial markup constraint under the output share method is:

I3

. ; ¢
5 R,gT“m(’o,
=1 l:Zl @
i.e.,
6 AR <mAC,
where
h : h
AR=E Ry T,
and

n
AC,=Co/ 3 g,
1

This constraint implies, therefore, that under effective regulation the average
revenuc from regulated submarkets will be equal to the allowed markup
over the average total cost. If there is only one regulated submarket, it
will serve as a direct price control in that market; if there is a number of
regulated submarkets on the other hand, it imposes no restriction on prices
themselves because for the same value of the average revenue there can be
a multiplicity of different price sets. The most important characteristic of
this method is, however, that it does not even constrain revenues from
unregulated submarkets.

The reason partial regulation was adopted in gas regulation was believed
at the time that regulation of industrial markets was redundant. As the
FPC (1964) itself observed:
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It had been thought when the Natural Gas Act was adopted in 1938,
that competition with other fuels, such as coal, would exert a self-regu-
latory effect and obviate the need for public regulation of the direct
industrial sales of natural gas. (p. 8-9)
We will show that this argument does not hold where partial regulation
relies on the output share method.

Output allocation under this method is derived by a procedure similar to
the one used for the other methods. Without actually going through the
procedure we simply state the result:

Yo MR- MRI= 1, (MR - AR,
Unless the regulated markets are perfectly competitive, MR, is smaller than
AR.. Therefore,
183 MET <7 MR for 2,70.
Proposition 3
Under partial regulation by the output share method the discriminating
firm will allocate more output to regulated submarkets and less to
unregulated submarkets than it optimally should to maximize profit for
the chosen level of total output.

To evaluate this output allocation result further we consider the effect of
regulation on total output. Solving (7) and (8) for «, and rearranging
terms, we obtain:

A0 A MR (L =20 MO o [Ugnighy (MO ACT T e METD
and
(20)  MR; - NICL o demiqh/g, NCT - A,
Combining (18), (19) and (20), we then derive the {ollowing relations: 1»
@D MR < MC, = MRy, il MC,~.1(,,
(22) MR <7 MRS MCT it MODSAC and

(23) MR <I MC) MRy, il MO AC,

(11 If MC, = ACT, then 0<02; <1 from (I8, {19 and 200, If MC < AC, on the other hand,

the houndary of 2, is not determinate, and hence the relation amongMR;, MR/ and MC’ 15 not

determinate. The telation (23) is valid if 0-J4~J1. Yet this is not restrictive for ov pu: pose
since 10 any case (237 alone imphes indetermiante outpt 1esults.

A
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which in turn imply:
2D s gf of MO AC and

o

(250 qhom g%l MCA0.

t

Therefore, total output result is not determinate il the firm has a declining
average cost curve. The more important point is, however, that total output
results (24) and (25), combined with the output allocation rule (18), fail
to produce determinate output results in individual submarkets. For example,
even if total output is increased by regulation, output can actually be
decreased in the unregulated submarkets. An increase in total output is a
necessary and sufficient condition for output increases in regulated submar-
kets but merely a necessary one in unregulated submarkets.

In other words, under this method of partial regulation the incresse in
total output is merely a necessary but not a suficient condition for overall
gains to all consumers in all submarkets of the firm. If we interpret the
principal purpose of partial regulation as the protecticn of consumers in
the regulated submarkets without sacrifices on the part ol those in the
unregulated submarkets, we cannot make a strong case for the output
share method. Under this methed of partial regulation the firm will adjust
its output in an asymmetric manner and consequently it is likely that
consumers in the unregulated submarkets suffer losses. We showed in the
preceding section that the revenue share method will not entail this asym-
metric effect, since the firm cannot evade the burden of regulation through
its adjustment in the unregulated submarkets.

The argument sbewing the pieflerability ¢f the revenie share metlced
over the output sharc method permits us an illuminating glance at a policy
of the Federal Power Commission. In light of asymmetric effects resulting
from its partial regulation by the output share method the overwhelming
opinion of the FPC commissioners in the early sixties was that it was
desirable to extend regulation to cover direct sales as well as sales to
utilities. *® The earlier recommendation of the FPC can be interpreted as an
attempt to replace partial regulation by overall regulation. Our analysis
suggests that the FPC could have done as well by the use of the revenue
share methed instead. It may be less difficult to replace one arbitrary

13) FPC Annual Report (1964), p. 8-9.
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method of cost allocation by another than to replace the regime of partial
regulation by that of overall regulation.

V. Partial Regulation by the Constant Share Method

Though this method has not been utilized and does not have theoretical
preferability over the output share method, we will consider it briefly to
illustrate the sensitivity of the firm’s adjustment to the method of regulation.
When the common cost is divided between regulated and unregulated
services in a constant ratio, the firm can be expected to respond to this sort
of regulation in a2 way dramatically different {rom those we have shown for
other methods of regulation.

While acknowledging that the output share method is a “more realistic”
model describing pipeline regulation, Mac Avoy and Noll (1973) replace it
by a constant share model in their analysis, since “in practice, the share
has varied very little......, so that little is lost in descriptive content......by
assuining this thare to be fixcd” (p. 21€n). We will show that this essum-
ption usually leads to a resull reversed from that of the output sharc
method, at least as far as output allocation is concerned.

For the constant share method 8a,/3¢. vanishes in (7) and (8), so that:

(26) (1 -2 MRI = MRI-= {1~ dagm) MC,, 0
which implies:
@7y MR > MR, unless MRI<0,

Whether or not MR<0 depends, among others, cn the numerical values of

45, m and a;. A furtker investigation of this issue is not cur main purpcse
here, and we simply state:

Proposition 4
Under partial regulation by the constant share method the discriminating
firm may allocate less output to regulated submarkets and more to the
unregulated ones than it optimally should to maximize profit {or the
chosen level of total output.

From Propositions 3 and 4 it follows at once that the constant share
method can produce eflects opposite to that of the output share method

(16) 2a1 unless the bordered Hessian determinant that is relevant for 1egulated profit maximization
under the constant share methed vanishes.
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thus illustrating the extreme sensitivity of the output choices of a discrim-

inating firm to method of regulation.

VI. Summary

Overall regulation will induce the firm to increase output and decrease
price in each submarket. The output choice of the firm under this type of
regulation is optimal for the firm, hecause for the chosen level of total
output marginal revenues are equal in all submarkets.

Second, partial regulation by the revenue share method vyields effects
identical with those of overall regulation. Therefore, the regulator has at
least the appearance of a choice between these two forms of regulation. To
achieve the same purpose. he can resort to overall regulation or partial
regulation by the revenue share method.

Third. partial regulation by the output share method or the constant
share method will yield asymmetric effects on output allocation. The former
method tends to favor consumers in the regulated markets over those in
the unregulated markets, whereas the latter has the opposile tendency.
Though it may be expected that these two methods increase output in one
group of submarkets it is not certain a priori that they will also increase
output in other submarkets. 1f consumers in all submarkets of the firm are
to achieve gains through regulation, therefore, these methods cannot be
relied on.

Tourth, overall regulation or partial regulation by the revenue share
method 1s preferable. therefore, if the regulator is to be sure of providing
heneficial effects to all consumers of the regulated firm. The revenue share
method may be easiet to implement than overall regulation. if the regulator
attempts to replace the output share mecethod by a new one that would
serve lLis purpose. The revenue share method iz simply a substitute for an
equally arbitrary method of cost allocation. i.e., the output share method.
whereas overall regulation is a totally new system that extends control to
the previously unregulated markets. Thus. practical {easibility would make
the revenue share method an attractive alternative in considering the

revision of partial regulation,
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