Consistent Regulatory Policy under Uncertainty

Michael J. Brennan, Eduardo S. Schwartz
The Bell Journal of Economics, Volume 13, Issue 2 (Autumn, 1982), 506-321.

Stable URL:
http://links.jstor.org/sici?sici=0361-915X%28198223%2913%3A2%3C506%3ACRPUU%3E2.0.CO%3B2-E

Your use of the ISTOR archive indicates your acceptance of ISTOR’s Terms and Conditions of Use, available at
http://www.jstor.org/about/terms.html. ISTOR's Terms and Conditions of Use provides, in part, that unless you
have obtained prior permission, you may not download an entire issue of a journal or multiple copies of articles, and
you may use content in the ISTOR archive only for your personal, non-commercial use.

Each copy of any part of a ISTOR transmission must contain the same copyright notice that appears on the screen or
printed page of such transtnission.

The Bell Journal of Economics 1s published by The RAND Corporation. Please contact the publisher for further
permissions regarding the use of this work. Publisher contact information may be obtained at
http:/fwww jstor.orgfjournals/rand.html.

The Bell Journal of Ecorontics
©1982 The RAND Corporation

ISTOR and the ISTOR logo are trademarks of ISTOR, and are Registered in the U.S. Patent and Trademark Office.
For more information on ISTOR contact jstor-info@umich.edu.

©2002 JSTOR

http://www jstor.org/
Tue Jul 16 16:48:06 2002



Consistent regulatory policy under uncertainty

Michael J. Brennan*
and

Fduardo S. Schwartz**

This article is concerned with the effects of regulation on the risk and value of the reguiated

firm in a dynamic context. Current regulatory practice is shown to be logically deficient,
since it ignores the effect of regulatory policy on the cost of capital and therefore on the
appropriate allowed rate of return. A notion of consistency in regulatory policy is developed,
and it is shown how consistent regulatory policies may be implemented once the valuation
probiem is solved.

1. Introduction

M The problems of equity and of efficiency in resource allocation that arise from the
existence of natural monopolies may be dealt with either by socialization or by regulation:
the latter approach is especially common in the United States, while the former is favored
in most other jurisdictions. In this article we analyze the dynamic effects of regulation
on firm risk and value and show how a consistent regulatory policy may be determined.
The valuation model is simple and, in the interest of analytic tractability, abstracts from
many features of the regulatory environment, Nevertheless, the general approach lends
itself to further elaboration and realism, so that the article represents a first step in the
theory of the valuation of the regulated firm. No such theory currently exists and yet, as
will become apparent below, such a theory is a prerequisite for the determination of a
consistent regulatory policy.

A major task of the regulator is to set the prices at which the output of the regulated
firm must be sold. His decisions affect the costs borne and the quantity purchased by
consumers on the one hand and the returns received by investors on the other. These
decisions must, therefore, be tempered by considerations of equity. At the same time,
regulatory decisions, by influencing incentives, also affect the behavior of the regulated
firm with attendant implications for economic efficiency; it is these efficiency aspects of
regulation which have in the main attracted the attention of economists.

Thus there exists an extensive literature concerned with the effects of regulation on
firm behavior: most of this literature assumes certainty and a static setting in which only
a single regulatory decision is made.' Das (1980), Perrakis (1976), and Peles and Stein
(1976) have extended this type of analysis to uncertainty, relying on Leland’s (1972)
model of the expected utility-maximizing firm. This model, however, is unsatisfactory as
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a basis for a theory of the regulated firm, since it ighores the role of the capital market
in allocating risk and in providing investment alternatives which affect the incentives of
the owners. These capital market alternatives are taken into account by Myers (1973) in
his analysis of a value-maximizing regulated firm in a state preference framework. More
recently, Marshall e af. (1981) have studied the input choices of a regulated value-max-
imizing firm in the context of the capital asset pricing model. Like us, they treat the risk
of the firm as endogenous and affected by the regulatory decision; unlike us, they retain
the static framework of the other articles.

Klevorick ([973) has analyzed the dynamic effects of regulation on firm behavior.
In his model, regulatory decisions are made at stochastic intervals with the regulator
setting output prices according to some known rule. The firm rationally anticipates future
regulatory decisions and determines its behavior to maximize the discounted expected
value of future cash flows. In keeping with most of the preceding literature on regulation
and firm behavior, Klevorick pays no attention to risk, and the discount rate in the firm’s
objective function is taken as exogenous.?

In this article we are concerned, like Klevorick, with the dynamic aspects of regu-
[ation. But, while he is concerned with firm behavior and 1gnores issues of valuation, we
are concerned with valuation and therefore suppress the issue of the influence of regulatory
policy on firm behavior until Section 6, where we discuss it briefly. The dynamic aspects
of regulation arise in our model, as in that of Klevorick, because regulation is an ongoing
process in which new regulatory decisions are made as conditions change. In Kievorick’s
model, rational anticipations of these decisions by the management of the firm affect firm
behavior; in our model, rational anticipations of these decisions by investors affect irm
risk and value.® Consider, for example, the range of possible regulatory responses to the
accidental destruction of a plant owned by a regulated firm. At one extreme, the regulatory
authority may fail to respond at all, leaving the shareholders of the firm to bear the entire
loss; at the other extreme, the plant may be left in the rate base and output prices adjusted
so that the regulated firm continues to earn its allowed rate of return on the original
investment in the now useless plant. In the latter case, the whole of the loss would be
borne by consumers.

This ability of the regulator to allocate stochastic future costs and benefits between
consumer and investor means that the investment risk of the regulated firm is endogenous,
being a function not only of technological and market uncertainties but also of regulatory
policy. It follows that 1nsofar as current regulatory procedures take the investment risk
of the regulated firm as exogenous and attempt to determine an allowed rate of return
appropnate to this risk, they are conceptually deficient. As Robichek (1978) has remarked,
“[Flor a regulated company, the business (and hence, investment) risk depends on the
regulatory decision. To require that the rates be set after giving due consideration to ‘risk’
is circular when such ‘risk’ is determined to a large extent by the rate-making process.”
What is required instead is a regulatory procedure or policy that is consistent in the sense
that it yields an allowed rate of return which is appropriate for the risk of the firm under
that policy.* A wide range of regulatory policies are consistent in this sense: they involve
different allocations of risk between consumers and investors and, consequently, different
allowed rates of return are appropriate for each. The choice between alternative regulatory
policies may be made on grounds of efficiency. We shall, however, ignore efficiency
considerations by taking the productive decisions of the regulated firm as exogenous,

2 In a more recent article, Bawa and Sibley (1980) also analyze the dynamic behavior of the regulated
firm. In their model, as in the ane presented here, the probability that a hearing will be held is endogenous;
however, as in Klevorick, the discount rate in the firm's objective function is exogenous.

* Sametimes the decisions will follow explicit rules, such as automatic fuel adjustment clauses; more
frequently the decision rules are implicit.

4 We defer until the following sectian a consideration of what constitutes an appropriate rate of return,
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Given these productive decisions, the regulatory authority is able to affect the returns to
investors in the firm by changing output prices.

In Section 2, we discuss the nature of the regulatory criterion and its implicit jus-
tification which, we argue, is inadequate once attention is given to the effects of uncer-
tainty: we therefore offer an alternative definition of a consistent regulatory policy. Section
3 develops the valuation framework, which is specialized in Section 4 to apply to regulated
firms under alternative regulatory paolicies. In Section 5 we present a numerical example.
Finally, Section 6 considers the implications of the model for current praocedures used
to determine the allowed rate of return, and for the investment incentive implications
of regulatary lag.

2. The regulatory criterion and consistent regulatory policy

B A principal task of the regulatory authonty in setting output prices for the regulated
firm is to determine the appropriate rate of profit for the shareholders. In this, its objective
is to combine equity between investors and consumers with appropriate incentives for
the management of the firm. The legal criteria for an appropriate rate of profit are en-
shrined in the Bluefield and the Hope decisions of the United States Supreme Court,’
which define what have become generally known as the “comparable earnings standard®
and the “capital attraction standard.” Some authorities have maintained that the com-
parable earnings standard requires that the accounting rate of return of the regulated firm
correspond to that for unregulated firms of similar risk, and that this principle also satisfies
the capital attraction standard.® The modern consensus, however, appears to be that both
standards require that the allowed rate of return earned by shareholders on the rate base
should be equal to the firm’s cast of capital, which is defined as the rate of return an
investor could expect to earn on investment in other firms of equivalent risk. Thus, the
distinction between the modern consensus and the earlier view is that the former takes
as its standard a market determined prospective rate of return, whereas the latter relies
on retraspective accounting returns on similar risk firms. The implicit justification of the
principle that the allowed rate of return be set equal to the cost of capital appears ta be
the belief that this will cause the market value of the firm to be equal to the value of the
rate base on which the return is allowed. Indeed, this result can be rigorously derived
within the gquasi-uncertainty valuation model of Miller and Modigliani (1961) in which
stachastic cash fiows are replaced by their expected values and the effects of uncertainty
are assumed to be captured in the discount rate.”

But this approach to regulation is, in fact, fundamentally deficient because it neglects
entirely the role of future regulatory decisions. This deficiency is not apparent in the
Miller and Modigliani quasi-uncertainty valuation model because in this model regulation
1s a one-shot affair, and it 1s implicitly assumed that the realized return on the rate base
is equal to the allowed return. Nor is the deficiency any more apparent in the models of
Myers (1973) and Leland (1974), which do explicitly account for uncertainty in a capital
markets context but consider only a single period. In both models a role for regulatory
response to future uncertainties is effectively precluded—in the one because there is no
uncertainty; in the other because there is no future.

Since regulation is a continuing process, the regulatory policy that is anticipated by
investors affects the risk and the value of the regulated firm.® Far this reasan, the principle

 Bluefield Water Works and Investment Co. v. Public Service Commission of the State of West Virginia
(262 1.8, 679, 1923) and Federal Power Commission v, Hope Natural Gas Company (320 USRS, 591, 1944).

% See Myers (1972) for relevant citations and for a forceful critique of this “traditional” pasition.

? Davis and Sparrow (1972) argued that all extant madels for the valuation of regulated firms rested an
the same set of assumptions. This state of affairs appears to be unchanged.

® Empirical evidence of this is provided by Clarke’s {1980) study of the introduction of fuel adjustment
clauses.
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that the allowed rate of return be set equal to the cost of capital is logically incomplete,
since the cost of capital is a function of the risk of the firm which, in turn, depends inrer
alia upon the anticipated regulatory policy. That policy includes both the timing of
regulatory decisions and the rule for setting the allowed rate of return when those decisions
are made. To escape fatal circularity this principle must be replaced by one that takes
account of the endogeneity of the risk of the firm. We define a consistent regulatory policy
as a procedure for determining the holding of a rate hearing and setting the allowed rate
of return at the hearing such that, when properly anticipated by investors, the procedure
causes the market value of the regulated firm to be equal to the value of the rate base at
the time the hearing is held.

Implementation of a consistent regulatory policy presupposes that the regulatory
authority is able to assess the effect of alternative regulatory policies on the value of the
firm. As we have already noted, however, there exists no model for the valuation of
regulated firms which takes account of regulatory policy. In the following section, we
present a simplified model that captures the essence of valuation under regulation. A
more general model is developed in the Appendix.

3. The valuation framework

B In the interest of simplicity, we restrict our attention to a regulated firm which is
financed entirely by equity funds. Then, under the assumptions described below, the value
of the firm may be written as a function of the current rate base, B, and the instantaneous
rate of return currently earned on the rate base, x: F(x, B). The rate of return on the rate
base is defined as the ratio of the instantaneous earnings rate to the rate base. The in-
stantaneous earnings rate, xB, is locally riskless in the sense that it follows a continuous
sample path between regulatory hearings. In nontechnical terms, this means that changes
in the earnings rate from week to week are small.

As a result of the business risk to which the firm is exposed, the rate of return x
evolves stochastically over time. In a complete model, the resulting stochastic process for
the rate of return would be derived from fundamental assumptions about demand and
cost conditions. But to derive the rate of return from optimizing behavior in the face of
stochastic production and demand functions and stochastic input prices would require
the introduction of additional state variables and would substantially increase the com-
plexity of the analysis without contributing further insights. It is therefore assumed, for
the sake of tractability, that the rate of return on the rate base follows an exogenously
determined stachastic process of the general type

dx = ul{x)dt + a{x)dz, . (1)

Here u{x) represents the expected rate of change in x and ¢ is calendar time; 4z, is a
standard Gauss-Wiener process with mean zero and variance 4. Thus, the business risk
of the firm is represented by the variance of the change in x, ¢%(x).

The rate of increase in the rate base is equal to the difference between the instan-
taneous earnings rate, xB, and the aggregate dividend payout rate net of stock issues.?
This net payout rate, &), is assumed to be expressible as

a(x, B) = p(x)B. (2)
Then the instantaneous change in the rate base is given by
dB = (x — p(x))Bdt. {3

# Nate that the particular accounting conventions used to determing earnings are irrelevant so long as the
satne definitian is used for x and B and the definition is consistent with the assumed stochastic processes.
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[n this model, regulatory policy is defined in terms of the rule for holding a regulatory
hearing and the rule for determining the outcome of the hearing. It is assumed that the
rule for determining a hearing takes the form of a function =(x), which is the probability
per unit time that a hearing will be held. The motivation far this specification is that a
high rate of return will lead to pressure from consumers for a regulatory hearing to reduce
the output price of the regulated firm; conversely, should the rate of return fall too low,
the firm will press for a hearing to raise output prices.'?

The outcome of the regulatory hearing is an allowed rate of return x *(x), which may
depend upon the currently earned rate of return, x. The regulatar is assumed to be able
to adjust output prices instantaneously so that the earned rate of return adjusts imme-
diately to the new allowed rate of return and, starting from this new base, continues to
follow the exogenously determined stochastic process ([). We are implicitly assumning that
demand for the autput of the regulated firm is sufficiently inelastic that there always exists
an output price which will yield the allowed rate of return.!' Furthermaore, it should be
recognized that, in general, the output price will have implications for the risk of the
earnings: in taking the stochastic process ([) as exogenous, we are treating these effects
as being of secand-order importance.

With the foregoing assumptions, the market value of the regulated firm can be written
as F(x, B) and, using equation (A7) in the Appendix, satisfies the partial differential
equation:

Vag () F o + (OOF, + (x — p(X))BFg + p(x)B
+ m(xX)[F{x*¥x), B) — F(x, B)] = ¥F + ha(x)F.. {(4)

The left-hand side of equation (4) represents the expected return on the firm: the
first three terms give the expected change in the value of the firm owing to changes in
the state vanables x and B, assuming no regulatory hearing takes place. The fourth term,
P(x)B, is the net dividend received by the owners of the firm, and the last term is the
capital gain expected to result from a regulatory hearing. The right-hand side of the
equation is the return required on the firm's securities 1n equilibrium. Here r is the riskless
interest rate, which is taken as constant.'? The second term is a capital asset pricing model
type risk premium: xe{x) is the instantaneous covariance between changes in x and the
rate of return on aggregate wealth; and an increase in A represents an increase in the
systematic risk of the firm.

The market value of the firm is homogeneous of degree one in the value of the rate
base, so that making the substitution v(x) = Fx, B)/B, we obtain the following ordinary
differential equation for y, the normalized firm value:

262 (XN + Vo (1(X) = Aa(x)) + (x = ¥ = p))y + p(x) + 7Ry (x ¥ (X)) — y(x)] = 0. (5)

In this equation the influence of regulatory policy on valuation is captured in the
last term, which depends both on the rule for holding hearings, x{x), and on the rule for
setting the allowed rate of return, x*(x). It may be noted that if dx*/dx =0 and

"®In a study of regulated electric utilities in Florida, Roberts et af. (1978) found that the probability that
the regulatory authority would require a decrease in rates was an increasing function of the amount by which
the earned rate of return exceeded the previously allowed rate of return. The earned rate of return appeared to
have no effect an the probability that the company wauld seek higher rates, perhaps because company requests
were based an prospective rather than current rates of return.

! This assumption could be relaxed at the expense of introducing additional variables affecting the value
of the firm.

2 The model can be expanded to incomorate a stochastic interest rate. In general, the resulting partial
differential equation will not have a closed-form solution. A restrictive example with a stochastic interest rate
for which there exists an analytic solution was included in an earlier draft of this article and is available from
the authors. The qualitative results are similar to those of the model presented in this article.
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dr/dx = 0, then as # — oo, y(x)— v (x*). This represents a policy of continuous regulation
under which the firm always earns the allowed rate of return; consutners bear all of the
risk and investors bear none. This is a polar case, the other being that in which * = 0
and there is no future regulation. To analyze this and intermediate cases, it will be
necessary to specify our model further.

4. An explicit modei
@ We assume the following:

Assumption 1. The rate of return on the rate base follows an arithmetic Brownian motion,
which permits the possibility that, in the absence of regulatory action, the regulated firm
may incur losses:

dx = pdt + adz. {6)

Assumption 2. The output capacity of the firm is proportional to the rate base, B.

Assumption 3. The firm is required by the regulator to maintain capacity equal to potential
demand which is growing at the exogenously determined rate g.

Assumptions 2 and 3 imply that the rate base must also grow at the rate g. Equation
(3) then defines the dividend payout policy p{x) = x — g.
With these substitutions, the differential equation for y is

o e + (1 — Ao)px — (F — Q¥ + (x — @) + Ty (x *(x)) — »(x)] = 0. (7)

We shall use equation (7) to discuss the effects of alternative regulatory policies on the
value and risk of the equity.

O The unregulated case. The case =(x) = ( is of interest not only because it is polar to
the case of continuous regulation, but also because it is consistent with current approaches
to regulatory issues, which neglect the possibility of future regulatory action. When
m{x} = 0, the complete solution to equation (7) is

X—g u—2Aa

— LI Y
yx) = Cie e et oo (8)
where :
Y =a T o,
Y= d — a,

a, = ‘_(,(.L - }‘G—)}"Jza
a = [(n — 2oy + 26%(r - )]/,

and €, and C, are constants to be determined by the boundary conditions.

We restrict our attention to the case r > g:'3 then C; = 0 if y(x)/x is to remain finite
as x — oo. The constant €, is determined by the value of x for which the value of the
equity is zero: denate this value by X, There are in principle two ways in which X may
be determined. First, if the firm has bonds outstanding, the provisions of the bond in-
denture may allow bondholders to foreclose when the rate of return drops to a critical
level,'* £. Even in the absence of debt, shareholders may find it to their advantage to
declare bankruptcy voluntarily, since continuing to operate the firm requires them to put

I r « g, the present value of future investments in the rate base is infinite.
4 When the rate of return drops to this level, the interest coverage ratio will have fallen below a critical
level as well.



512 / THE BELL JOURNAL OF ECONOMICS

up the funds to finance the exogenously determined expansion of the rate base; for
x < g this will invalve a negative cash flow. We shall assume that ¥ is chosen by the
shareholders to maximize y(x) or, equivalently, to maximize C,(X), where C,y(xX) is given
by the condition that y{£) = O:

Y dE—g w-—Ac
o - - E8 200] )
’ r-g -gr (
Carrying out the maximization of (9) yields
— Ao
e + — E..._._.m
g=yr g B (10)

Then the ratio of the market value of the firm to the rate base is given by expression
(8), where C, = 0 and (; is defined by equations (9) and (10).

It is of interest to note that for large x

X~—f p—Ao

r—g+(r—g}2' (11)
Recalling that x — g = p, the instantaneous dividend rate per unit of the rate base, it is
seen that the first term of {1 [} corresponds to the familiar Gordon (1962) growth model
when the riskless interest rate is used for discounting; the second term adjusts both for
the trend in the rate of return and for risk. The risk adjustment is independent of x for
large x because of our assumption that the variance of the stochastic process (6) is in-
dependent of x. Far small x, the risk adjustment enters the valuation expression (8) in
a nonlinear fashion, reflecting its influence on the bankruptcy condition.

We shall contrast this no regulation case with two classes of regulatory policy. In the
first class, there is a constant probability rate for the holding of a hearing as in Klevorick’s
{1973) model of the regulated firm. Under the second class of policy, hearings are held
only when the rate of return reaches predetermined upper and lower bounds. Joskow
(1974) argues that regulatory reviews are initiated mainly by firms whose profits have
dropped below an acceptable level. On the other hand, Roberts et al. (1978) found that
the probability of a hearing increased as the rate of return became high. Hendricks (1975)
and Burness et al. (1980) have also constructed models of the regulated firm in which
regulatory policy 1s represented by predetermined bounds on profits. These two classes
of regulatory policy were chosen with an eye to tractability and are not intended to be
representative of the policies followed by regulatory hearings; nor are they exhaustive of
the policies that could be considered within this framework. They are intended, however,
to be illustrative of the hitherto largely neglected effects of the possibility of future reg-
ulation on the value of the equity of regulated firms and therefore on the choice of
regulatory policy.

yx)—

O Stoechastic regulatory hearings. With a constant probability rate for regulatory hear-
ings, the normalized firm value satisfies equation (5) with n{x) = x. We shall assume that
the allowed rate x *(x) is also independent of x. Two cases will be considered: when x*
is arbitrary and when x* is chosen so that y{x*) = 1. The latter policy is what we have
referred to as a consistent regulatory policy.

Under the consistent regulatory policy, equation (7) becomes

Va0 Yy + (e — AW — (r— g M)y +(x — g% =0, (12)

where g* = g — x. Except for the replacement of g by g*, this equation Is identical to
that obtained in the unregulated case, the complete solution of which is given in (8).
Therefore, the solution in this special case of stochastic regulation and a consistent reg-
ulatory policy is obtained from the unregulated case by reducing the exogenously specified
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growth rate, g, by the probability rate, «. The value of x* which vields a consistent
regulatory policy is obtained by solving the equation y(x*} = 1, where p{x*) is the
valuation function yielded by a particular value of #.

For arbitrary values of the allowed rate, x*, the solution to equation (7) is more
complex. The complete solution to the equation is

X—g+ﬂy(x*)+ @ — Ao

= YIE o Yo .
y(x) = Ce e M r—g+ta)

(13)

The argument used in the unregulated case implies that €, = 0. Then, setting x = x*
in equation (13), we may solve for p{x*). Substituting the resulting expression for y(x*)
into {13} vields

_ o Fax X— 8 paxt X— g l“r(X*_g)—i_-u'_xa
y(x)—Cg(x)[e +(r—g+7r)e }+(r—g+:rr)+ F—gr—g+m (14)

In equation (14) we have explicitly shown the dependence of , on X, which is
defined by y (£} = 0. Setting x = X vields the following expression for Cyx):

- oo o (ot ] o

where k(x*) = (m(x* — 2} + . — Xa){{¥r — g}¥r — g + ).
Then, assuming again that X is chosen by the shareholders to maximize y (and
therefore (3}, X is given by the solution to the nonlinear equation:

I{ x- e + a(r — ) e’
ne‘f?’[(ﬁ) + kel *)} - —r’fﬁr— = 0. (16)

Thus, for arbitrary allowed rates under stochastic regulation, the normalized equity
value, p{x), is given by equations (14), (15), and (16).

O Deterministic regulatory hearings. Under the particular deterministic policy which
we consider, regulatory hearings are held only when the current rate of return reaches
predetermined upper and lower bounds, x, and x, respectively. This is represented by
setting m{x) = 0 for x # x,, x;in equation (7) and =(x,) = m({x;} = co. Then the normalized
firm value satisfies the differential equation,

10 Y + (= MY — (7 — QY + (x — g) = 0, (17
subject to the boundary conditions
yix) = y{x*(x))

Y = y(x*(x)). (18}

The complete solution to this equation is given by (8), where the constants C; and
(, are determined by the boundary conditions (18).

If the regulatory policy is consistent so that p{x*(x,)) = p(x*(x)) = I, it may be
verified that the constant terms are

c, buby — biba,

- blublf - blfbhx
b!blu — bitbl!
Com T, 19
? blubli - blfblu ( )

where by, = €M%, by = €™ and b; = | — (x; — g)/(r — g + (& — Aa)/(r — gy for
{ = u, | Similar expressions may be derived for the general case in which

x*(xu) =X, €y, x*(xf} = X + £) .
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TABLE 1 Firm Parameter Values

o = 0.005 r =008

g =00 g =006
x=.14

5. A numerical example

B Toillustrate the possible effects of alternative regulatary policies, valuation functions,
v{x), were computed for the parameter values given in Table 1, assuming no regulation,
stochastic regulatory hearings, and deterministic regulatory hearings. In the examples with
regulation, the regulatory policies are assumed to be consistent, so that y(x*) = [, where
x* is the allowed rate of return.

Table 2 presents some summary statistics for three deterministic and three stochastic
policies as well as for the no-regulation case {( = 0). The allowed rate of return x*
appropriate under the different regulatory policies varies widely as one would expect, and
it is noteworthy that the appropriate allowed rate of return may even be less than the
riskless interest rate as shown by policy (vii).

The second line of Table 2 indicates the value of y,(x*), a scalar measure of the
absolute risk borne by shareholders of the firm when the return on the rate base is equal
to the allowed rate of return. It is greatest in the unregulated case and decreases mono-
tonically in the stochastic policy case as the probability rate of a hearing rises: in the limit
the shareholders bear no risk, since all risk is borne by consumers. The beta caefficient,
B(x*), shown on the third line of the table is simply a scalar multiple of y,(x*).'"* The
last three lines of the table illustrate the dramatically different firm values that may result
from the same rate of return on the rate base under different regulatory palicies.

Figure 1, which shows the valuation schedules obtained under three different regu-
latory policies, serves to emphasize the importance of regulatory policy for valuation. In
the unregulated case, the schedule resembles that between the value of a call option and
the value of the underlying stock.'s As the probability rate of a hearing increases from
zero, the valuation schedule rotates clockwise: the reason for this is that if x is high, there
is a probability that it will be subject to a discrete downward adjustment, and conversely

TABLE 2 Alternative Regulatory Policies
No Regulation. Stochastic Policies Deterministic Policies
(i) (ii) (iii) {iv) (v) {v1) (vii}
=41 0.5 10.0 x, = 0.12 0.18 0.18
x = 0.01 0.03 0.06
x* .099 086 081 .080 106 .092 073
Pl X™) 331 8.3 1.9 .1 14.2 254 6.2
Aix*y 57 .15 .03 .o 25 44 .12
w.06) 08 78 96 1.00 18 53 1.00
»(.08) A6 95 1.00 L.00 .44 75 1.06
¥.10) 1.05 L2 1.04 1.00 .89 1.23 |.44

* Subject to rounding error.

S 8tx*) = y~ 'y (xhe/ ol The variance of aggregate wealth % is set equal to .2,
!¢ Black and Scholes {1973) were the first to point out that the equity in a firm eould be regarded as a call
aption to purchase the firm fram the bondholders.
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FIGURE 1
NORMALIZED FIRM VALUE FQR DIFFERENT REGULATORY POLICIES
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if x is low. These discrete adjustments, which occur when a rate hearing is held, cause
capital gains or losses for investors as the normalized equity value reverts to unity. If, as
is more realistic, the probability rate of a hearing were an increasing function of the
absolute deviation of x from x*, the valuation schedule would be more S-shaped. An
extreme example of this is provided by the determunistic regulatory policy: under this
policy the equity value actually decreases as the rate of return approaches the upper
control limit, x,, since as soon as the rate of return reaches x,, it will be reduced to x*.
A similar phenomenon is apparent in the vicinity of x;

6. Implications of the model

B Setting the allowed rate. As described in Section 2, the modern consensus approach
to regulation imphes that the allowed rate of return should be set equal to the cost of
capital, and in practice much attention is given at regulatory hearings to determination
of the appropriate cost of capital.

Current methods of assessing the cost of capital may be classified according to whether
they follow an individual firm approach or a risk class approach. The former method
involves forecasting the long-run rate of return that an investor might reasonably expect
to earn by purchasing shares in the firm at their current price. Unfortunately, this rate
of return will depend upon future regulatory policy and in particular upon the allowed
rate of return set as a result of the hearing; but it is the appropriate allowed rate which
is at issue. Thus, this individual firm approach is beset by a fatal circularity.
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Twa variants of the risk class approach may be distinguished. According to the first,
the regulated firm’s cost of capital is assumed to be equal to that of unregulated firms
with similar earnings risk. A reasonable interpretation of the earnings risk approach is
that the allowed rate of return should be set at the level which would cause an unregulated
firm with similar earnings characteristics to sell at book value.'” This, however, neglects
the fact that the risk of the regulated firm depends not only on the stochastic characteristics
of the earnings stream but also on regulatory policy. To illustrate, it may be seen from
Table 2 that a return on book value of [0% would cause the market value of an unregulated
firm to approximate book value. The same rate of return earned on the rate base of a
regulated firm with identical earnings risk'® may cause the market value to range from
89% to 144% of the value of the rate base, depending on which regulatory policy is
followed.,

The second variant of the risk class approach assumes that the capital asset pricing
maodel holds and that therefore risk can be measured appropriately by the beta coefficient.
Although this is consistent with our valuation madel which rests upon an intertem-
poral version of the capital asset pricing model, the beta coefficient, which is equal to
v 'y ha/al, is stochastic and depends upon x. Therefore, there can be no assurance, and
indeed it would be only by coincidence, that the beta coefficient estimated from the
nonstationary time series of equity returns would vield a cost of equity capital close to
the appropriate allowed rate of return under the consistent regulatory policy.'?

O Investment incentives. To this point we have neglected the effects of regulatory policy
on the incentives of the regulated firm. To illustrate the effects of regulation on investment
incentives in the context of this article suppose that, in the absence of regulation, the rate
of return on the rate base would follow the same stochastic process as under regulation.
Then the effect of regulation on investment incentives may be measured by the difference
in the present value of the same investment project to a regulated and an unregulated
firm. The investment project is assumed to generate an instantaneous earnings rate pf,
where p follows the same stachastic process as, and is perfectly correlated with, x,, the
rate of return on the preexisting rate base, B, and [ is the amount invested in the new
project. Then the effect of the new investment on the rate of return is given by

XoB + pf

M) ==

(20}
Recalling the expression for the value of the equity of a regulated firm, F(x, B), the
gross present value to the stockholders of a marginal dollar invested is given by

dF dx

—=F,—+ y(x), 21

TR y(x) (21)
where we have used the assumption that the whole investment is added to the rate base
so that dB/dl = 1. Then, differentiating equation (20) with respect to I, setting J = 0, and
substituting the result in (21), we abtain the following expression for the gross present
value of a marginal investment:

dF

. Yx) + ¥ () — x). (22)

'? This assumes that the book value of the unregulated firm is determined in the same way as the rate
base of the regulated firm.

'8 That is, the regulated firm'’s earnings risk was identical to that of the unregulated firm hefore regulation
was imposed on the former.

'* See Breen and Lerner {1972) and Myers (1972) for a discussion of the problems of using beta in regulatory
hearings.
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Under the standard assumption of stock price maximization, a project will be
undertaken only if this expression, which we refer to as the “investment incentive,”
exceeds unity.

In Figure 2a, the value of the investment incentive is plotted as a function of x for
a marginal investment with p = .08 for regulatory policy (i), no future regulation, and
for palicy (vi), a deterministic regulatory policy. The parameter values for these cases are
given in Tables 1 and 2, except that g has been set equal ta zero. Inspection of the figure
reveals that this project would never be accepted by the unregulated firm, but that it
becomes highly desirable to the regulated firm as the rate of return approaches x,, 18%.
The explanation of this phenomenon is simple: adoption of the project reduces the cur-
rently earned rate of return and thereby postpones the day on which a regulatory hearing
takes place, thus prolonging the period for which high returns may be earned. This makes
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the project desirable despite its low value per se. On the other hand, as x approaches x;,
3%, the project becomes highly undesirable to the regulated firm by postponing a hearing
which would raise the overall rate of return. This latter effect is also visible in Figure 2b
which depicts the investment incentive for a highly profitable project under the same
conditions. However, this profitable project is undesirable to the regulated firm as the rate
of return approaches x, because of its effect in hastening a regulatory hearing. The effects
of regulation are proportional to the vertical distance between the schedules in these
figures, and it is apparent that under this type of regulatory policy, extreme incentives
for the regulated firm may be induced because of the effect of a marginal investment
project on the probability that a regulatory hearing will be held.

In Figures 2¢ and 2d the investment incentives arising from the same projects are
illustrated for policy (ii), stochastic regulatory hearings with = = .10, as well as for the
unregulated case. Under these policies adoption of the project has no influence on the
probabhility of regulatory hearings, and the extreme impact of the deterministic regulatory
policies is eliminated. Realistic regulatory poalicies would seem likely to lie between the
extremes of our stochastic and deterministic policies, with the probability of a hearing
being positively related to the absolute deviation of x from the current allowed rate of
return. It seems that even under such policies, regulatory lag will tend to have a substantial
effect on investment incentives. Of course, without knowing whether the investment
incentives for the unregulated firm are Pareto optimal, it is not possible to make any
statements about welfare gains and losses.

7. Conclusion

B In this article we have analyzed the problem of determining a consistent regulatory
policy in a dynamic setting. Contemporary approaches ta regulation, which set the allowed
rate of return equal to the cost of capital, were shown to be deficient insofar as they take
the cast of capital as exogenous, when it is in fact a product of the regulatory policy
chasen. To devise a cansistent regulatory palicy, it is necessary to have a valuation model
that explicitly incorporates the effects of regulatory policy. Such a valuation model was
constructed, and it was shown how the appropnate allowed rate of return and the risk
borne by investors varied as the regulatory policy was changed. Finally, current practices
for estimating the appropriate allowed rate of return were analyzed, and a simple analysis
was made of the effect of regulatory lag on investment incentives. The models developed
in this article are highly simplified, and much work remains to be done in developing
more realistic yet tractable models for valuing regulated firms and analyzing the effects
of alternative regulatory policies.

Appendix
The general valuation model

® The valuation model employed in Section 3 is a special case of a general model of
the valuation of financial claims. Necessary conditions for equilibrium in the capital
market vield a partial differential equation which must be satisfied by the pricing function
of any financial claim.

Thus, consider an economy in which:

(1) All investors have time-additive von Neumann-Morgenstern utility functiens of the
logarithmic form defined aver the rate of consumption of a single consumption good.
(2) There are no taxes or transactions costs, trading takes place continuously, and the
capital market is always in equilibrium.

(3) The state of the economy is completely described by aggregate wealth, W, and an
s-dimensional vector of state variables, X, whose behavior is governed by a system of
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stachastic differential equations:
d"Y) = J-L_;'(X, E}d’! + nj(Xi I)dzj + (X}k - X;]dq)l 1 J = 11 PP (AI)

where ¢ denotes calendar time and dz; is a standard Gauss-Wiener process. ¢;(f) is an
independent Poisson process with intensity x;(X, ), and (X ¥ — X)) is the change in the
state variable if the Poisson event occurs.®® Jumps in the state variables are assumed to
be uncorrelated with the return on aggregate wealth.

Merton (1973) has shown, in a related context, that under such assumptions the
equilibrium expected rates of return on individual assets will satisfy the specialized version
of the intertemporal capital asset pricing model:"

@ — F= O, (A2)

where «; is the expected instantaneous rate of return on asset I, a;, is the covariance of
the rate of return on asset [ with the rate of return on aggregate wealth, and r is the
instantaneously riskless interest rate.

Cox, Ingersoll, and Ross (1978) have shown that if investars possess rational expec-
tations, so that the price functions they use to make their optimal decisions are the
equilibrium price functions that continuously clear the market, then the equilibrium
condition (A2) implies a fundamental partial differential equation which must be satisfied
by the value of all financial assets.

Thus, define F; = F; (I, X, r) as the market value of asset #; then the instantaneous
change in the value of the asset is given by:*?

dF = [2. F, y+ P Wa, — CY+ F,+ 1A > > Fomppnmi
1

J=L k=1

£ £
+ 1 2 F ety + WE,oaW3dt + 20 F iz,
j=1

=1

£
+ Foo.Wdz, + 2 [F(W, X + AX, 1) — KW, X, Hldg;, (A3)
j=1
where a, is the instantaneous expected rate of return on aggregate wealth, C is the rate
of aggregate consumption, gy and p;,, are the instantaneous correlations between the rates
of return on asset j and on asset k, and on asset j and on aggregate wealth, respectively.
The symbol A X; denotes an s-dimensional vector all of whose elements are equal to zero
except element j, which is equal to (X} — X)).
The expected instantaneous rate of return on asset i, «;, is the sum of the payout
rate on the asset, §; (W, X, 1), and the expected price change, divided by the current value
of the asset:

k)
;= FU[- ]+ F %+ F ' 2 [FW, X+ AX,, )y — F(W, X, Dl7;(X, 1), (A4)
=1
where [+] is the coefficient of 4t in equation (A3).
Since jumps in the state variables are uncorrelated with the return on aggregate
wealth, the instantaneous covariance between the return on asset { and the return on

* Far a detailed discussion of such mixed processes, see Merton (1976},

3 The specialization arises from the assumption of logarithmic utility, which permits us to omit the
additional terms relating to stochastic shifts in the investment opportunity set that would otherwise appear in
equation (A2).

22 See Mertan (1976) for the necessary extension of Ito’s lemma. The subscript { is omiited for the sake
of clarity, and the partial derivatives of F are denoted by the appropriate subscripts.
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aggregate wealth is

k)
Fiw = F_L[E ijﬂjpjwaw + anO%-WZ]- (AS)
i=1

Finally, multiplying the equilibrium condition { A2) by the fraction of aggregate wealth
accounted for by asset {, and summing over i, we abtain

te— ¥ =al. (A6)

Then, substituting for «; and a,, in the equilibrium condition (A2) and using (A6),
we obtain the basic partial differential equation which is satisfied by the values of all
assets:

3 3 & 5
2 ij (#j - ’?jp_,r'wo-w) + F“,(."W_ C} + Fx‘ + z 2 Fg-xkpjkn‘;ﬂk + 21 F@-wﬂjwﬂjamw
j=

=1 f=1 k=[

+ F e W2 —yF 4+ 8+ 2 [FOW, X+ AX, ) — F(W, X, )]x; = 0. (A7)

J=1

This equation, which is the basis of our valuation model for the regulated firm,
corresponds to equation (23) of Cox, Ingersoll, and Rass (1978) under the assumption
of logarithmic utility when there are state variables with discontinuous sample paths.
When the appropriate boundary conditions are appended, this equation suffices to de-
termine the value of any security.
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