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An Inter-temporal Model of Firm Behavior
Under Uncertainty and Regulation
ny
Om P. Dhiman

Adviser: Professor Stavros Thomadakis

Under conditions of stochastic demand a single period
and a multiperiod model of firm behavior have been developed.
In each case three conditions of market structure (a monopoly,
a regulated monopoly, and a perfectly competitive industry)
are analyzed.

Instead of maximizing the expected utility, the firm
objective is to make production and/or price decisions that
maximize its net present value. The net present value of
the firm excess cast returns is determined from the
equilibrium risk-return relationship in the capital markets.

The effect of technological progress on the firm
production and price decisions have been analyzed. By
improving its technology, a monopoly can increase its net
present value. Thus, a monopolist has motivation to intro-
duce cost cutting techniques.

«A firm can not be effectively regulated by providing

it a fair rate of return constraint and allowing it to
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determine the product prices. Imposition of price or
quality controls only would not eliminate monopoly excess
returns. To ensure the fair returns for the firm, both
the price and quality controls are necessary.

Regulation has been described as game theoretic in
nature. The firm equilibrium depends upon the behavior of
the regulators. If the regulators know the current firm
environment and utilize this information to determine the
fair product prices, active regulation would result.
Active regulation provides an ideal scheme for tﬁe regulation
of the firm. An actively regulated firm would produce
efficiently and the consumers would be ensured a product
at reasonable prices. Since, active regulation always
ensures a zero net present value for the firm, the firm
has no incentive to improve the production technology. So
that the firm may introduce the cost cutting techniques,
the regulators must provide incentives for it.

If the regulators do not have complete knowledge
about the firm environment, they would prefer to make the
present decision based on previous period technology and
demand conditions of the firm. The above implies passive
regulation and the existence of the regulatory lag. Know-
ing the avove behavior of the regulators, the firm would g
like to increase its return by adopting cost saving
techniques. Thus, Passive Regulation provides a distinct

economic incentive to the firm to improve the production



technology. The firm would determine the present
investment level that maximizes its net present value.
The net present value of the firm is the sum of the dis-

counted certainty equivalent of excess return earned by the

firm for all future periods. The existence of the regulatory

lag also encourages the firm to produce inefficiently.
Depending upon the rate of technological progress, demand
and output elasticities, the firm may overcapitalize or
undercapitalize.

The models of firm regulation are simulated by using
the parameters for the Electric Power Industry. The demand
and production parameters, and the rate of technological
progress are varied and the effect on price and production
efficiency is studied. For passive regulation, the effect

of firm horizon on the firm equilibrium is determined.
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CHAPTER I

INTRODUCTION

This chapter provides an introduction to the models
developed in this study and should also help in understand-
ing better the review of the existing literature given in
the next chapter. This chaptéf.also explains the points of
difference between this study and other works on the subject.

The last two decades have witnessed a high growth of
the regulated sector. During this period, many authors?t
have expressed dissatisfaction with the performance of the
regulated industries. Consequently, the debate on how the
economic activity should be regulated has raged in the
literature.

The purpose of this study is to analyze the effects
of regulation on the firm behavior.

The Hope Decision? provides legal guide.lines for the
regulation of a firm. It states that the equity holders of
the regulated firm must be provided with a fair rate of

return. The fair rate of return must be commensurate with

[

1 see Averch-Johnson (2), Barron & Taggart (8) and, Elton
and Gruber (25).

2 FpC vs Hope Natural Gas Company, 320 U.S. 591 (1944).



the return on investments with corresponding risks.

The objective of the regulatory body is to ensure
that the consumers are provided an acceptable product at
reasonable price. In accordance with the Hope decision, the
regulators must also ensure an uninterrupted functioning
of the firm, by providing a fair rate of return to its
investors. Therefore, the first step for the regulators
is to determine a fair rate of return.

The Capital Asset Pricing Model provides the market
equilibrium relationship between the expected return from
an asset and its market systematic risk. This implies that
the regulators must determine a fair rate of return for the
firm after considering the relationship between the market
risk and the expected return. To accomplish this, the
regulators must have knowledge about the risk of the firm.
The risk of the excess cash returns of the firm depends on
the underlying uncertainty in the revenues and costs of the
firm. Although, utilities may have a good estimate of the
expected revenues and costs for the next period, the expost
results might be different from the exante estimates.

The above provides one important area of the departure
of this study from the previously developed models of firm
regulation. The models of firm regulation, reviewed in the
next chapter, such as Averch-Johnson (2), Shepherd (69), do
not recognize the existence of uncertainty in the firm excess

returns. In these models the regulators subjectively



determine a fair rate of return that the firm must have,
and no consideration is given to the uncertainty in the
firm revenues and the firm costs.

The present study determines a fair rate of return
in accordance with The Capital Asset Pricing Model. The
study develops a normative theory of firm regqulation. After
a fair rate of return is determined, the next step in the
regulatory process is to determine a price level; that for
the demand and production conditions of the firm provide it
a fair rate of return. Regulated utilities serve a wide
variety of consumers that may be differentiated in terms of
volume, type of service, or geographic location. The product
prices may be different for each type of consumer. Thus,
a fair rate of return can be provided to the firm by many
different price structures, and the regulatory body has
much flexibility in fixing a price structure. Different
price structures have different allocative and distribution-

al effects in the economy.

ONE PERIOD HORIZON WITH PRODUCT QUALITY

Chapter III develops a model of firm behavior when it
has one period horizon. The firm expected demand is affect-
ed by the product price and quality.

Previous research, such as Levhari and Peles (42),
Schmalensee (66) and Spence (75) has shown that the product

quality levels are determined by the conditions of the



market structure and the characteristics of consumers'
quality-demand schedules. These models have been developed
under certainty, and the firm is considered to maximize
its profits. As opposed to this, the analysis in Chapter
III considers uncertain demand function and the firm
maximizes its net present value. The analysis compares
the price, quality and expected demand for a monopoly,
perfectly competitive industry and the actively regulated
monopoly.

Under the above conditions it is shown that both the
price and quality regulation are necessary to eliminate the

firm excess returns.

Multiperiod Horizon

Chapter IV extends this analysis to a multiperiod
horizon. To keep the algebraic simplicity, the multiperiod
analysis considers the product quality to be fixed. The
expected demand is a function of price only. The regulators
provide a price level to the firm that the firm must charge
from its customers. The regulatory price is determined by
the regulators after considering the firm demand and
production conditions. The above differs from the models
developed by Averch and Johnson (2), Shepherd(9), Kilevorick
(36) and Bailey & Coleman (4). In these models the‘price
is determined by the firm after considering a regulatory

constraint. The regulatory constraint is given to the firm



by the regulators and it means that the firm should not
earn more than a fair rate of return. The regulatory
conditions assumed in these models do not represent the
existing regulatory practices. These models do not give
the behavioral foundations as to why a regulated firm
should determine a price for its own product and abide by
the fair rate of return constraint. If the firm does not
live up to the expectations of the regulators, then what
regulatory powers would ensure a desired firm behavior?

The traditional m.odels3

on firm regulation do not address
to such questions.

The study in Chapter IV assumes that the firm has
a multiperiod horizon and in each period it faces an un-
certain demand. The distribution of demand depends upon,
the price level. For each state of nature there exists
a price demand schedule. 1In the beginning of every period
the firm makes an exante investment decision. The firm
cannot change the investment levels during the period.
After the demand uncertainty is resolved and the exact
quantity demanded is known, the firm has to supply all that
is demanded. To meet the expost demand, the firm has to

vary the noncapital input. Therefore, an uncertainty in

the firm demand also creates an uncertainty in the amount

3 see Averch-Johnson (2), Shepherd (69) and Bailey &
Coleman (4).
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of noncapital input required by  the firm. As opposed to
above, the traditional models of firm regulation assume
that the firm knows its demand levels with certainty and,
therefore, also knows with certainty the amount of non-
capital input required by the firm.

It is generally believed that the regulatory
environment affects the pace of technological change in
the regulated sector. The following explains the direction
of this effect:

1. Regulation provides a climate to the firm

that is conducive to its quick adoption of a
new technology. This may be achieved by
allowing a developmental allowance in the
form of higher prices.

2. Existence of the regulatory lag may provide
an increased incentive to the firm for the
adoption of a new technology. During the
period of the regulatory lag, the regulatory
prices remain constant but the firm is free
to change its technology and inputs. By
improving its technology the firm can reduce
its costs, therefore, increase its returns.

3. By ensuring a fair rate of return to the

. firm, regulation reduces the risk of the

operation. Restriction to entry by new firms



further reduces uncertéinty and insulates

the firm from pressures of competition. Under
such an environment, the firm does not have

to remain modern in its technology. And
regulation may retard the technological
progress of the regqulated firm.

It is generally believed that over the last few
decades, the rate of productivity increases in the regu-
lated sector has been faster than the rest of the economy.

The existence of technological change affects every
aspect of the requlated firm. It affects the regqulatory
priées and consequently the product expected demand.

Higher demands necessitate larger investments.

The traditional models of firm regulation have ignored
the impact of the technological progress.4

This study develops a dynamic model of a regulated
firm under conditions of technological progress and regula-
tory lag. It analyzes the interaction of the regulatory
lag with the technological progress and determines their
effect on firm production decisions and regulatory prices.

The study assumes that the firm does not make invest-

ments in the research and development. Information about

4 Although Averch-Johnson (2) have discussed that the
A.T.T. had made more than fair returns in the years
1956-1960, mainly because it had introduced technological
improvements during this interval. But the Averch-
Johnson model does not consider the effect of techno-
logical progress on the regulatory price.



the new improvements is provided to the firm by the
suppliers of capital equipment. The assumption of the
exogenous source of technical innovations is satisfied
differently in different industries. For example, the
electric power industry and the air transportation in-
dustry do not conduct research or develop equipment on their
own but depend upon their suppliers. On the other hand,

the telephone companies are vertically integrated and
develop their own equipment.

The study also assumes that the secondary real asset
markets are perfect; and that the firm can buy or sell the
assets freely. This means that the capital is malleable.
By buying or selling the capital at the end of each period,
the firm can keep the plant size at the optional levels for
the coming period.

The assumption of exogenous source of technical
innovations and malleability of capital made in this study

is also called Disembodied Technical Change. The

~ assumption of Disembodied Technical Change has been extensive-
ly applied in the development of macro-growth theory.

The model developed in this study assumes that the
firm improves its technology in every period. The rates of
technological progress may be different for each period.
The' technological progress is Hicks-neutral. This means

that the productivity of labor and capital improve in the



same proportion and the shape of production isoquants
remains unchanged.

The model does not represent any particular regulated
industry. It assumes a homogeneous production function
which may have increasing, decreasing or constant returns
to scale.

Like all other models on firm regulation discussed
in the next chapter the model developed in Chapter IV is
under a partial equilibrium. The effect of price and
demand changes in other industries do not affect the demand
conditions for the regulated industry.

Chapter IV analyzes the firm under three conditions
of market structure. They are:

1. Unregulated monopoly

2. Actively regulated monopoly, and

3. Passively regulated monopoly.

The following now provides a brief introduction to

the three conditions of market structure.

Unregulated Monopoly

An inter-temporal model of an unregulated monopoly is
developed in Chapter IV. Under similar production and de-
mand conditions, the monopoly price and factor input
decisions are compared to the decisions of a regulated

monopoly.
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The firm is assumed to have a multiperiod horizon,
and in each period it faces an uncertain demand. The firm
improves its technology over time. Capital is assumed to
be malleable. The firm buys or sells assets at the end
of each period and plans an optimal plant size for each
period. The monopolist makes exante price and capital
decisions.

Under the above conditions, the yalue maximizing
monopolist would maximize the CEQ(Excess Returns) for each
period. Where, The Excess Returns are equal to the
revenue minus the costs and CEQ stands for the certainty
equivalent.

The study shows that the monopolist would reduce
the product prices every period. The CEQ(Excess Returns)
earned by the monopolist increases every period. This
implies that a monopolist would gain by introducing a new
technology and would share the gains of technological
progress with its customers. It is also shown that the
monopolist would increase the size of its plant every
period. The increased plant size is made necessary by the

increased expected demand at lower prices.

Regulation

'  Two models of firm regulation are developed in Chapter

IV. The models differ in their assumptions about the behav-
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ior of the regulatory body and, therefore, the regulatory
process.

In each model the regulators and the firm know the
distribution of demand for each period. The demand ié
independently and identically distributed over time. The
regulators provide a price that the firm must charge.

These prices provide a fair return to the firm at the
demand and technology conditions that the regulators consid-
er applicable. The firm determines an exante investment
level that maximizes its value. The regulators and the

firm determine the price and capital levels before the
demand uncertainty for the coming period is resolved.

These decisions are made after considering the forth-

coming uncertainty but they may turn out to be inefficient
expost. The firm cannot change its investment level during

the coming period.

Active Regulation

Regulation is considered to be active when the
regulators determine the most current demand and production
conditions of the firm and then enforce product prices
that eliminate the firm excess returns. The regulators and
the firm have the same information and both know it.

Under such conditions, the regulators determine a price

level for each period that provides a zero CEQ(Excess
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Return) to the firm. Earning of a zero certainty equivalent

of excess return implies that the firm would earn a fair
rate of return.

The regulators would act as leaders in a duopolistic
game between the firm and itself. Being the leaders, they
would try to achieve their objective of providing a fair
rate of return to the firm, while keeping in view the
reaction function of the firm. The reaction function of
the firm is to maximize its value at the prices given to
it by the regulators. The regulators know that the firm
is a follower in the game. While, the firm knows that it
has no other alternative but to act as a follower. What-
ever price level is imposed by the regulators, the firm
accepts it and optimizes with respect to that. The firm
determines an investment level that maximizes its value.

The above explains that active regulation is game
theoretic in nature, and the regulators and the firm are
the players in the game.

The model developed in Chapter IV shows that the
active regulation would eliminate the excess returns of
the firm. The firm would plan efficient factor input
levels. It is also shown that active regulation reduces
the product prices. The model shows that the prices of an
actively regqulated firm would be lower than those of the

unregulated monopoly.



Under conditions of technological progress the active
regulation would also eliminate the firm excess returns.
The firm would have no incentive to introduce the im-
proved techniques and the firm would be indifferent to
the adoption of the improved techniques. For the firm to
be interested in the adoption of an improved technology,
it must benefit by earning higher returns. To reduce the
product prices, the regulators must ensure a regulatory
environment that encourages the firm to adopt the cost
saving techniques.

Many authors® have doubts about the practicality of
active reqgulation. The lack of current information to the

regulators may hinder the active regulation of the utility.

Passive Regulation

Passive regulation can result if the regulators do
not have the complete and current information about the
firm and its markets. The firm, being nearer to its
markets, and the suppliers of capital equipment, has
complete information about its environment. While, the
regulators do not have direct access to such information
and usually prefer to base their decisions on the results
of the last period. The firm results of the last period

may be publicly available to the regulators or given to

5 see pages 8 and 9 in Shepherd W., and Gies Thomas,
Regulation In Further Perspective, Ballinger Publishing
Co., 1974.

13
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them by the firm. The regulators feel safer in assuming
that the conditions of the previous period would continue
into the future. The cost and the possibility of error
in forecasting future demand and technology may be pro-
hibitive to the regulators.

The firm may follow accounting practices that might
present the firm information more favorably to the
regulators. Although the regulators base their decisions
on the last period's actual conditions, the firm would
prefer to make the present decisions after considering the
anticipated future changes. The firm may even like to
withhold complete information about the cost saving pro-
duction changes for the next period that it anticipates
to implement. Such information may not be independently
available to the regulators.

The above reasons point to the fact that the
regulators lag in their information about technological and
demand conditions of the firm. The regulators determine
the price for the present period based on the previous
period conditions of the firm. They assume that the previous
period conditions would continue into the present and the -~
firm would keep unchanged the investment levels of the
previous period.

A regulatory price is determined for the present

period that at the capital level, demand, and technology of
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the previous period provides a fair rate of return to
the firm.

‘ The firm is considered to earn a fair rate of return
when the certainty equivalent of excess return is zero.
The certainty equivalents of the firm excess returns are
determined through the Capital Asset Pricing Model.

The firm knows that the regulators behave passively
and that the present price levels are based on the previous
period capital levels. The firm sets the present capital
levels by keeping in view that it would affect the future
prices and, therefore, the future excess returns. Under
the lagged regulation, the firm sets the present investment
levels that maximizes the net present value of the firm.
The net present value of the firm is the sum of the
discounted certainty equivalent of the excess returns for
all future periods.

Through present investment decisions, the firm would
like to increase the sum of the discounted future CEQ
(excess returns). However, any increase in the sum of
the discounted future CEQ(excess returns) must be more than
any decrease in the CEQ(excess returns) for the current
period.

It is shown in Chapter IV that according to the above
criferia, the investment decision of the firm would be
different than if there had been no regulatory lag. It is
discussed that without the regulatory lag, the firm would

maximize the certainty equivalent of excess return for that
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period only. 1In that case, the firm solves a series of
single period problems. |

It is proved in Chapter IV that passive regulation
would lead to inefficient decisions by the firm. Under
conditions of technological progress, firm conditions would
exist when the firm would plan to invest less than the
efficient levels. This would lead to earning of more
than fair returns by the firm.

The above conclusion is at variance with the tra-
ditionally accepted conclusion by Averch-Johnson (2)-~who
contend that the regulated firms overcapitalize.

The analysis also shows that under passive regulation
the regulatory priées would be higher, and consequently the
expected demand would be lower than if the firm had been
actively regulated.

Chapter IV, limits the analysis of the passively
regulated firm to a three period example. The analysis
considers perfectly competitive starting conditions for
the firm. Because of the algebraic intractability, the
analysis could not be extended to longer horizons or non-
perfectly competitive starting conditions. However, the
simulation results for these conditions are provided in
Chapter V.

Chapter V presents the simulation results of a

monopoly, actively regulated and passively regulated monopoly.
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The firm parameters of the electric utility industry are
used.

Over the firm horizon, the price and investment
levels are compared for the above three conditions of
market structure. The simulation results confirm the
analytical results of Chapter IV. In addition, it is shown
that the longer the firm horizon, the greater is the flex-
ibility available to the firm to affect future returns.
Increased firm horizon increases the inefficiency of the
production decisions and raises the regulatory prices.

The simulations also show that the firm quickly adjusts
for the effect of any undesirable starting condition and
plans for an optimal investment level.

The next chapter provides a critical review of the

literature on the regulation of the firm.



CHAPTER II

CRITICAL REVIEW OF LITERATURE ON FIRM REGULATION

2.1 INTRODUCTION

This chapter gives a brief review of the literature
on some of the models of the regulated firm. In regard to
regulation, four fundamental issues have merited the
attention of theorists.

They are:

1. Efficiency in Production

2. Regulatory Lag

3. Technological Change, and

4. Quality of the Product.

This chapter presents brief description of each of
the above mentioned issues. First, the issue of efficiency
in production is examined by reviewing the Averch-Johnson
(A-J) model. It is argued by A-J(2) that the regulated
firms use their resources inefficiently. The studies
that support or contradict this model are summarized.
Second, some important aspects of the effects of the
regulatory lag are discussed. The proposition that the

regulatory lag improves the firm efficiency is presented.

18
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Third, the sources and importance of the technological
change in the regulated sector are described. Finally,
the literature on how regulation effects the quality of
the product is summarized.

Each of the models discussed in this Chapter is
subject to some limitations. These limitations are listed

and some means to overcome them are given in this research.

2.2 EFFICIENCY IN PRODUCTION

The issue of "efficiency in production" is examined
in this section by reviewing the Averch-Johnson (A-J)
model of firm regulation. The Averch-Johnson model was
developed 15 years ago. Since then, it has been the
subject of great attention in the literature. The con-
clusion established by Averch-Jdohnson is that If an upper
rate of return (on capital) constraint is provided to the
regulated firm, the firm would use factors innefficiently.
In this case the firm does not equate the marginal rate
of factor substitution to the ratio of factor prices. The
firm has an incentive to overcapitalize and use capital up
to a point where the marginal productivity of capital is
less than the market cost of capital.

Given below is a brief review of the Averch-Johnson

model.
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Let:
S = Fair rate of return
X = Quantity demanded
p(x) = Firm inverse demand function
L = Labor input
K = Capital input .
i = Cost of capital
W = Wage rate
T = Profits

The profit earned by the firm is the difference
between the total revenue and the total costs. It is
assumed that the firm maximizes its profits by deciding
labor and capital inputs subject to the regulatory con-
straint that the firm would not earn more than the fair
rate of return.

The problem of the firm is:

Maximize T = Max p(x) x(K, L) - iK - WL (2.1)
L, K L,K
Such that p(x) x(K, L) - SK - WL <0 (2.2)

The Lagrangian expression can be defined as
Max L (K, L, M=p(x)x - iK - WL - A[p(x)x - SK - WL](2.3)

The Kuhn Tucker conditions are:

+ 89Xy 8x _ 4 . + 9%)9x =
(p Bp)BK i A%p p)a + 8 0 (2.4)
’ 9X \ 39X 9X, 9X
(p-}-a—p- —a-i.--w-}\{(p-f--sg'a—l.' +W} =0 (2.5)
)\(px- SK - WL) =0 (2.6)

and A, L, K > 0 (2.7)
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The model embodied in equations (2.4) to (2.7) has two
important points of interest:

(a) When: X = 1, Equation (2.4) would be satisfied

for i = S. Or, the cost of capital and the fair
rate of rate return are equal.
(b) The interesting case is when s > i and 0 < A < 1
or when the fair rate of return is higher than
the cost of capital.

From (2.4) and (2.5)

-dL i A S -~ i
=T -1T-x Tw )
(2.8)
orﬁ(i‘.
dk W

Equation (2.8) implies that the factor usage is to a
point where the rate of technical substitution is less than
the ratio of factor prices. At the optimal point, because
of the regulatory constraint, the marginal productivity
of capital is less than the market cost of capital. It
is then concluded by A-J that the firm finds it advantageous
to increase its capital base. The firm would substitute
capital for labor and earn a fair rate of return that is
higher than the cost of capital. A-J further contend that
the firm's desire to overcapitalize is reflected in its
adoption of technical innovations that are capital intensive.
This would increase its capital base and therefore total

profits.
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The Averch-Johnson model is a simple model of
regulation. In this model too much has been sacrificed for
the sake of simplicity. The model contains too many
unrealistic assumptions. Some of these assumptions are
listed below:

(1) The regulators give a fair rate of return
constraint to the firm, while the firm is free
to choose the price level and factor input
levels.

(2) Demand and cost conditions are certain.

(3) The firm maximizes its profits instead of
value.

(4) The model does not recognize the existence of a
regulatory lag.

The A-J model has been supported as well as criticized in
the literature.

Shepherd (69) while discussing the capital intensity
in the telephone industry has argued that the Bell System
has always preferred capital intensity. In the early 1960's
while choosing between two alternative satellite technologies,
the Bell System advocated the Random Orbital System over
the Snychronous Orbit System. Random Orbital System would
have required a large capital investment in about fifty
satéllites and in complex and expansive tracking stations.
Synchronous Orbit method was simple and less capital intens-

ive. The Synchronous approach was developed and pushed
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through by Hughes Aircraft, a new competitor.

Shepherd (69) argues further that the lower depre-
ciation rates by the Bell System keep high the volume of
past investment that is eligible for inclusion in the rate
base. He also claims that a utility tends to slow the
adoption of a technology that decreases the existing base.

In another example, supporting the overcapitalization
proposition, Shepherd cites that the carriers would prefer
to own an equipment rather than lease it. He contends that
leasing could be more efficient than owning in case of
offiée space, vehicles and equipment.

Although Shepherd has supported A-J model, through
the above examples, none of his arguments have the advantage
of critical analysis of the technical and cost factors
relevant to the case. Subjective opinions based on
impressions and rhetoric are inconclusive.

Klevorick (36) while supporting A-J's analysis,
argues that the fair rate of return should not be subjective-
ly determined by the regulators. It must be endogeneously
determined by the model. He advocates that the fair rate
of return allowed to the firm must maximize a social welfare
function. Social welfare is defined as the sum of the
consumer surplus and the firm surplus. It is shown by him
that the social welfare function is maximized when the fair

rate of return is equal to the cost of capital. He further
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contends that if the regulators do intend to maximize the
social welfare subject to fair rate of return and the

firm's input efficiency constraint; there would be situations
where the regulators would like to set a fair rate of return,
higher than the cost of capital.

Spann (74) has tested the electric utility industry
data by using the translog production function. The trans-
log production function is a Taylor series expansion of an
arbitrary production function. The Cobb-Douglas and the
CES are the special cases of it. The data for the first
year of the operation of the plants built between 1959 and
1963 was used for the analysis. Both the plant and the
firm data confirm the A-J model.

Courville (16) tested the A-J model by using the
Cobb-Douglas production function on the generation of
electric power. Transmission and distribution aspects of
the firm were excluded, because, he considered that they
are probably characterized by fixed proportions. The rate
of technical substitution was compared to the factor input
price ratio. Separate tests were conducted for three
vintage groups of the plants. It was concluded that the
overcapitalization existed at the plant level.

Patterson (62) conducted another test of the A-J
model on the electric utility industry by using a modified
Cobb-Douglas and a general form of cost function. Plants

that had a large increase of capacity before the sample
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period were considered for the analysis. The operation of

the plants that had stringent regulation was compared to

those that had no regulation. It was found that as regulation
tightens, unit costs increase. Patterson concluded that in
both instances the evidence supports the A~J model.

Baron and Taggart (8) have developed a model of firm
regulation. In this model, regulation is conducted through
price controls. Instead of a rate of return constraint
the firm is given a price level that it must charge. Under
a price control the firm méximizes its value by choosing
optimal input levels. Baron and Taggart, in a single period
framework, show that the firm may overcapitalize or under-
capitalize. The degree of capitalization depends on whether
the capital levels can increase or decrease the product
prices, which in turn depends upon demand and output
elasticities. They tested their hypothesis for the electric
utility industry at the firm level. A firm rather than a
plant was selected to be the subject of study because the
regulatory constraint is applied to the firm--and not to
the plant.

The electric utilities FPC data for the year 1970 was
used in the empirical analysis. In this study Baron and
Taggart conclude: That undercapitalization exists in the
electric utility industry. These conclusions directly
contradict the A-J model. This is the first study that has

contradicted the A-J model analytically and empirically.
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The Baron and Taggart model is more general and
realistic than the A-J model. One important feature of this
model is that it incorporates price regulation. The firm
is provided a price level that it must charge. The model
considers demand uncertainty and allows debt utilization
and debt-tax advantage to the firm. However, the model
lacks because of the following:

(1) They consider one period firm horizon.

(2) The regulatory lag is not considered.

Earlier we presented the main arguments of Klevorick's
study conducted under conditions of certainty. In another
study Klevorick (37) has considered regulation in a dynamic
context. The timing of the rate reviews is random. The
firm maximizes the expected present value of its cash flows.
Technological progress takes place through internal R & D
expenses of the firm., Klevorick confirms that the firm
would produce inefficiently but would not necessarily
overcapitalize. Klevorick's maximization of expected present
value of the firm is not a valid objective function for the
shareholders of the firm. Because of the general nature of
the demand, production, research functions and regulatory
constraints, the issue of overcapitalization could not be
resolved. Except for the questionable objective function
for the firm and ignoring the issue of fair rate of return,
Klevorick's model has been conceived correctly. It is the

first attempt that has highlighted and grappled with the
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real issues such as regqgulatory lag and research and develop-
ment.

In view of the above discussion, we observe again
that more and more authors are now at variance with the
A-J model. Baron and Taggart (8), through pride regulation,
although in a one period context, have disputed the existence
of overcapitalization.

Their empirical study finds the existence of under-
capitalization in the electric utility industry. Klevorick
(37), in a dynamic context, has shown that regulation does
result in inefficient production but not necessarily through
overcapitalization.

All the models mentioned above are either mis-specified
or have not addressed to the main issues in regulation.

The issues listed below need to be considered together, in
the same model.

(1) Price regulation

(2) Regulatory lag

(3) Technological change.

The purpose of this research is to address to these
issues simultaneously and to show that under these conditions
the firm may undercapitalize or overcapitalize. This task
is undertaken in Chapter II.

2.3 REGULATORY LAG

Regulatory lag refers to the fact that the regulatory
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reviews are made noncontinuously in time and therefore the
regulators tend to ignore the impact of technological and
demand changes that might take place during the elapsed
time interval.

In the period between the regulatory reviews, the
price level remains constant but the firm is free to change
the factor inputs. At the time of the regulatory review,
the regulators may have the same information regarding the
technology and the demand conditions of the firm; or the
regulators may be lagging in such information and may act
on the basis of information that is not completely updated.
During the period between the reviews, the firm can take
advantage of any favorable changes in the demand and cost
conditions, and thus earn excessive returns.

Bailey and Coleman (4) extend the Averch-Johnson
model to include a regulatory lag. In their model the
regulatory reviews are conducted between specified points
in time and regulation is excercised by the imposition of
rate of return constraint. Bailey and Coleman have shown
that lags provide a distinct economic benefit by encouraging
a more efficient production. The amount of overcapitalization
reduces as the regulatory lag is increased. If the regulatory
lag is infinite, the firm would produce efficiently and
earn monopoly profits. ‘This igs because an infinite lag

implies that no regulation would be conducted and hence the
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firm would make monopoly decisions. However, when the
regulatory lag is zero the firm would overcapitalize (A-J
model). For a regulatory lag greater than zero, but less
than infinite, the efficiency of the firm would improve--
and as mentioned above, maximum efficiency would be attained
at infinite lag.

The basic structure of the Bailey and Coleman model
and the A-J model is the same and they share two main
deficiencies:

(1) A fair rate of return constraint is imposed

by the regulators. The regulatory prices
are determined by the firm, and

(2) The issue of how the fair rate of return is

determined by the regulators, remain unaddress-
ed in both the models.

Elton and Gruber (25) have formulated an inter-
temporal financial model of the firm. A regulatory lag in
the firm rate reviews is considered. The model assumes a
downward sloping investment schedule for the firm. This
means that the higher the amount of investment, the lower
the cutoff rate of return on the marginal investment. The
model concludes that if the allowed rate of return is equal
to the required rate of return to the equity holders, the
cutoff rate for the regulated firm and the unregulated
firm are identical. In this case the regulatory lag does

not affect level of the new investment by the firm. However,
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it is shown that when the allowed rate of return is different
from the required rate of return, the regulatory lag
affects the investment policy and the value of the firm.

The model given in this paper will consider regulatory
lag. The model assumes that the regulators do not have
up to date information about the firm. It proves that the
firm would use information lag to increase future prices and

earn excessive returns.

2.4 TECHNOLOGICAL CHANGE

This section, first, provides a brief discussion of
the reasons, why the issue of the technical change is
important in regulation. This is followed by a summary
of the results of the model by Westfield (69) which has
considered technical progress in regulation. The issue of
technical change is of special importance both to the
regulators and to the firm. For the regulators, in terms
of public policy, some important points are:

(1) How does regulation affect the technological

change in the regulated sector?

(2) Wwhat measures can be taken by a regulatory
body to encourage the introduction of new
techniques and innovations by the firm?

' (3) How should regulagory prices be determined so
that firms may not earn more than fair returns,

while it adopts new technology or improves upon
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the existing technology?

For the firm, technological change is of special
interest for these reasons.

(1) By improving its technology, the firm may be

able to increase its rate of return.

(2) A sophisticated technology decreases pressures

of competition for the firm by increasing
barriers to entry.

There are three main reasons that account for increase
of pace of technical change in the regulated sector. First,
under conditions of regulatory lag the firm has the in-
centive to introduce the cost cutting techniques and
earn excessive returns during the interval between the
regulatory reviews. Second, the regulatory agency may
undexwrite the risk of the firm and therefore encourage the
firm to test a new equipment which it otherwise may not
be willing to consider. Third, the firm may like to
increase the barriers to entry by adopting a sophisticated
technology.l

There is one reason that explains the slowdown of
technical change in the regulated sector. The regulated

firm being a natural monopoly is insulated from the pressures

‘

See the discussion on technical change in the telephone.
industry by William G. Shepherd (69). William M. Carton,
"Technological Change in the Regulated Industries,"

The Brookings Institution, Washington, D.C., 1971.
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of competition--hence the entry of aggressive firms that
have a new and better technology is discouraged by the
regulatory environment.?2

The four reasons listed above operate simultaneous-
ly and, depending upon their magnitude, the net effect may
be to encourage or slow the pace of technical change in
the regulated sector.

Given next is a brief summary of the model by
Westfield (69) that has analyzed the issue of technical
change in the regulated sector. Westfield has classified
technical change into two types. (1) Changes that affect
the demand and revenue of the firm (such changes result
from the change in the nature of the product or its uses).
(2) Changes that result from the shifts in the production
function of the firm and affect its cost function.

In this analysis, Westfield (69) has considered
changes of the second type only. The model has been
developed under conditions of certainty. The firm maximizes
profits instead of value. The fair rate of return is
subjectively determined by the regulators. The model is
single period in nature and the existence of regulatory
lag is ignored.

The research given in Chapter IV of this paper under-

2 game as footnote 1.
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takes to overcome the above shortcomings of the Westfield
paper.

Except for Baron and Taggart (7) none of the models
discussed above analyze the question of the determination of
fair rate of return. The fair rate of return is subjective-ly
determined by the regulators. The exogenous treatment of
the fair rate of return is erroneous. The following
presents a brief summary of the models of regulation
developed by Leland (39) and Myers (55). Both of these
models determine a fair rate of return for the regulated
firm by considering the equilibrium risk-return relation-
ships in the capital markets. Leland (39) suggests that
under conditions of uncertainty the regulatory agency
should set a product price at which the stock market value
of the firm is equal to the value of the assets of the
firm. This would provide a fair rate of return to the
firm, and all shareholders would be unanimous with respect
to the production decisions of the firm. The resulting
output would imply a simultaneous production and capital
market equilibrium. The fair rate of return earned by the
stockholders, would be commensurate with the risk of the
firm.

Although it develops an objective criteria for the
determination of the fair rate of return, the Leland

model is difficult to implement. Since the assets of the



firm are non-homogeneous and of different vintages, it is
difficult to find their market value and thus construct
the regulatory constraint.

Myers (55) has developed a simple one-period model
of regulation under uncertainty. He has shown that a
regulated monopoly would only make perfectly competitive
investment if a rate of return equal to the highest
achievable under perfectly competitive conditions is
allowed--and no rationing is permitted to the firm. These
results are due to uncertainty in the revenue and cost

conditions and are unrelated to the A-J type phenomenon.

2.5 QUALITY OF THE PRODUCT

The regulatory objective is to make sure that the
firm provides a "fair" quality product to the consumers
at "fair" prices. In practice, the regulatory agencies

enforce the product prices, they pay scant attention to

34

the product quality. The firm is free to choose the quality

levels it feels appropriate and may earn excessive return.
The quality levels planned by the firm depend upon the
regulatory prices and the demand and production conditions.

Levehari and Peles (42) have formulated a model of
firm behavior with respect to quality under different

conditions of market structure. This model is developed

under certainty. The authors do not address to the guestion
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of what should be the criterion for regulation. In this
model regulation is conducted by arbitrarily fixing the
quantity and quality that the firm should produce.

Spence (75) has also analyzed the firm quality
decision with or without regulation. Spence's analysis
of the regulatory environment, which is game theoretic in
nature, is pragmatic in approach. The analysis is conducted
under complete certainty. The regulators seek to maximize
the social surplus which is the sum of consumer surplus
and firm surplus. Both, Levehari and Peles (42) and
Spence (75) have limited the analysis to certain demand
and production conditions for the firm. Neither addresses
the question of how the fair rate of return for the firm
should be determined.

This Chapter concludes the discussion on four funda-
mental issues of firm regulation (efficiency in production,
regulatory lag, technological change and quality of the
product). 1In the next Chapter, an intertemporal model of
firm regulation is developed. The model considers the
inter-action of the regulatory lag with the technological
change when the regulators behave passively. Regulation
is conducted through price controls rather than by giving
a fair rate of return constraint to the firm. The next
Chapter shows that the existence of regulatory lag would

encourage the firm to produce inefficiently.



CHAPTER III1

A SINGLE PERIOD MODEL OF FIRM

BEHAVIOR WITH QUALITY ATTRIBUTES

3.1 INTRODUCTION

This chapter analyzes the firm's quality decisions
under different conditions of market structure. Three
conditions of market structure are compared. They are:

a monopoly, a regulated monopoly and a perfectly competitive
industry. The chapter starts with a description of the
market and production conditions of the firm. Then, a
description of the perfectly competitive market, where

the product prices are determined through industry concensus,
is given. The equilibrium price and product quality levels
are determined. This is followed by the analysis of monopoly
decisions. Finally, the equilibrium price and quality

levels in a regulated industry are determined. It is shown
that for the regulators to eliminate the monopoly's . excess

returns, both quality and price controls are necessary.

3.2 ' THE ENVIRONMENT

The analysis assumes the following market and

36
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production conditions.

Market Conditions

The firm faces an uncertain demand curve. The
expected industry demand for the product is a function of
the quality and the price. It is assumed that the quality
of the product is a cardinal measure. All the consumers
in the market give the same cardinal index to the same
quality of the product. P, X and g are the price, expect-
ed market demand and quality of the product respectively.
The monopolist faces a separable demand function of the

following type:

£ = 6x(p,q
8 is the multiplicative stochastic element. It may assume

values between 6 and a. Such that:

E(8) =1 E (x) =E (8)x = x (3.1)

cov (5;;“); is the covariance of 6 with ;m' r, is the
return on the market portfolio.

x(P,q) is the industry demand function under
certainty. The demand at the same price and quality under
certainty coincides with the expected demand under the
uncertain conditions that are assumed here. The industry
demand for any state of nature is equal to the value of

the stochastic element for that state of nature times the

demand under certainty.



38

The expected demand function has the following

characteristics:
%% <0, 2., %g > 0 %352 < 0 and %Egz >0, (3.2)

The expected demand for a given quality level is down-
ward sloping and convex to the origin. Expected demand
remaining constant, consumers will be willing to pay a
higher price when the product quality is improved. For a
given expected demand the P-q schedule is concave downward.
The rate of increase in price decreases,as quality is improved.
The market will reach near saturation at some levels of
quality and would not be willing to pay more for additional
improvements in quality. Valuation of marginal quality is
positive but decreases with increases in quality. And if
the price remains the same, any improvements in quality will
induce consumers to buy additional quantities of the product.
Therefore, price remaining constant, increases in quality
will increase the market expected demand.

Before the uncertainty is resolved, the firm does
not know how much will be demanded of it. Expost, it has
to supply and hence produce the entire demand.

This chapter compares the monopoly decisions under
the above conditions with those of the perfectly competitive
indus%ry. To be able to accomplish above, a perfectly

competitive environment of the following nature is assumed.
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Perfectly Competitive Industry

It is assumed that there are numerous buyers and
sellers in the market. All have complete and costless
access to all information. Through a futures contract,
the numerous participants agree at a price for which they
will buy or sell the product. The analysis assumes that
all participants have homogenous expectations about the
industry demand. The industry demand is stochastic and
its characteristics are discussed in the previous section.
Through homogenous expectations and industry concensus one
price will exist for the same gquality. The guantity that
would be demanded at the concensus price is uncertain.

It is assumed that each firm inherits a demand distribution
similar to the industry. 1Industry demand is shared by the
firms in accordance with a criteria already agreed upon.

The firms may agree to divide the actual industry demand
among themselves in proportion to their expected supply
levels. Expost, all firms supply all that is demanded at

the contracted price. Hence, for any firm in the perfectly
competitive industry, the demand is uncertain. For a given
product price and quality each firm knows its expected demand.

A perfectly competitive industry where the price of
the product is determined through industry concensus, and
the demand is stochastic, is also considered by Hymans (30)

and Dreze and Grabszewicz (24). Their analysis determines
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the firm output levels that maximize the expected utility
of the firm.

It is assumed that p,, x, and q. are the price,

c
expected quantity and the quality supplied by the perfect-
ly competitive industry. Xg¢ is the expected quantity supplied
by the representative firm. Similar to the industry demand,
the firm demand function is also of the separable type.
The industry demand function is given by:
¢ = B xc(per qc)
The demand function of any firm in the perfectly competitive
industry is given by:
g = B xg

The distribution of demand for the monopoly firm and
any firm in the perfectly competitive industry is similar.

In addition to the industry demand conditions stated
above, the following capital market environment is assumed
to exist.

It is assumed that the necessary conditions exist
for the Capital Asset Pricing Model equilibrium to hold.
Investors have utility functions that are defined over the
means and variance of the returns. There are no taxes.

In addition to the market conditions described

above, the firm is assumed to have the following production

conditions.
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Production Conditions

The production (of the output) needs two factors-~-
labor and capital. The factors are bought in perfect markets;
and the cost of each factor is known, certain, and remains
constant. For any given quality level, the firm has a
constant return to scale production function which means
that the guality remaining constant the total cost function
is linear.

The above implies that the firm has a linear expansion
path and with the quality remaining constant, the optimal
factor input ratio remains constant at all levels of output.
For a given quality level the marginal cost is constant and
is equal to the average cost.

L(g) and K(g) are the labor and capital required per
unit of output at the quality level of gq. W is the wage
per unit of labor. Then the cost of production per unit is
given by:

MC(q) = WL(q) + K(q) (3.3)
where MC(g) is the marginal cost per unit at the quality
level of q.

It is assumed that the marginal cost increases with
quality. So g%gig)> o for all levels of output. It is
further assumed that ﬁgggiﬂl > 0. This means, that the rate
of inérease of cost increases, as the product quality is

improved. Output remaining constant, the total cost function
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is convex to the origin and is an increasing function of
quality.

The above assumption of increasing marginal costs due
to quality is believed to be reasonable and representative
of many known production processes. This implies that the
increases in quality would require additional inputs for
capital and labor.

It was discussed earlier, that the firm determines a
price that it plans to charge; and it would supply all that
is demanded at that price. For a given price the demand
is uncertain and has a known probability distribution.

The quantity that the firm would need to supply is also
uncertain and has the same distribution as the demand. The
uncertainty in the supply levels makes the total cost of
output uncertain, even though, marginal cost per unit is
constant at all levels of output.

Assuming that C is the total cost of output and if
is the demand or supply for the firm. The total cost of

output can be given by:

C = [WL(q) + K(q)] if (3.4)
The following additional notations are assumed:
§f = The firm's excess return
' = The firm's expected excess return
b = The certainty equivalent of the firm's :

excess return

i = The riskless rate of return
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The return on the market portfolio. The
market portfolio holds all the securities in
the market in proportion to their market
value.

The variance of market return

The market price of risk

The exante price determined by the firm.

The revenue of the firm is given by: PXg

The firm

excess return can be determined after sub-

tracting the total costs from the total revenue. Such that:

By the application of Capital Asset Pricing Model, the

certainty Equivalent of total returns at the end of the

period can be determined as follows:

CEQ(yg) = E(yg) - A cov(frf, rn)

Substituting that: Y = (P-MC) x¢
E(yg) = yg = (P-MC)xg
and COV(yg, Tp) = ygCOV(8, rp)

CEQ(yf) can be written as follows:

bop =
(3.5) implies
earned by the
quantity that
above assumes
1 - ACOV(§F,)

excess return.

(P-uC)xg [ 1 - A cov (e, ] (3.5)
that the certainty equivalent of excess return
firm is directly proportional to the expected
the firm plans to produce and supply. The

that the product quality remains constant.

is the certainty equivalent of a dollar of

It depends upon the uncertainty of the
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industry demand and its relationship with the return on
the market portfolio.

This chapter analyzes the firm behavior under three
conditions of market structure. They are:

1. Perfect Competition

2. Monopoly, and

3. Regulated monopoly.

Under each of the above conditions, it is assumed
that the firm returns follow the Principle of Increasing

Uncertainty.

Principle of Increasing Uncertainty

Principle of Increasing Uncertainty means that, as
the net expected revenue by the firm increases, its riski-
ness also increases.

Leland (40) considers that the Principle of Increasing
Uncertainty has a strong intuitive appeal. He determines
the decisions of a quantity or a price setting monopolist
when the firm faces an Uncertain demand. The firm returns
follow the Principle of Increasing Uncertainty.

The present study assumes that the total risk of the
net cash returns increases with the increase in its expect-~
ed value. It is assumed that both the systematic risk and
unsys£ematic risk increase with the increase of expected

net cash returns. This implies that the covariance of the

net cash returns with the market returns, increases with
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the increase of expected net cash returns.

Such that: acov (8, ;m) S 0 (3.6)
BYf

where yf is the expected net cash returns.

In addition to the production conditions described
above, it is assumed that the firm has a single period
horizon. The firm makes exante aeclsions that maximize
the end of period CEQ(excess return): This also implies
the firm makes exante decisions that maximize its net
present value.

The next section analyzes the firm behavior when it

is working in a perfectly competitive environment.

Perfectly Competitive industry

All firms in the perfectly competitive industry have
homogeneous expectations about the industry demand. They
form an industry consensus about the price at which each
firm wquld sell the product. Based on the expected market
demand, each firm plans its expected supply level. Each
firm is small enough’' that, individually, it cannot affect
the market demand conditions. Constant returns to scale
production function is a result of constant factor product-
ivity at all levels of output. After the industry demand
is known, the quantity demanded from each firm is
determined by the division of the industry demand by the

number of firms in proportion to their expected supply levels.
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Irrespective of the market structure, new firms would
find it beneficial to enter; if they can earn normal or
better than normal returns in the business. When the
returns to scale are constant, and the market is perfectly
competitive all firms would earn a zero CEQ(Excess Return)—
irrespective of the size or age of the firm. The firms
that are already in business would earn the same rate of
return as those just entered. If due to industry expansion,
the returns to existing firms are more than normal, new
firms would enter and increase the expected supply. This
would lower prices and CEQ{(excess returns) for all firms.
The existence of constant returns to scale would ensure a
zero net present value for any firm in the industry.

When the technology is decreasing returns to scale,
there exists an optimal firm size. If the industry is
perfectly competitive, all firms would plan to operate at
the optimal expected supply levels. At the optimal firm
size, the firm would earn a positive CEQ(Excess Return).
When the expected market demand is more than the expected
supply by the existing firms, new firms would enter. The
existing firms would keep on earning positive excess returns
and the new firms may earn equal to or less than the
existing firms.

The following analysis assumes that the firm quality

decisions are made exante. The firm objective function is
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to maximize, ¢g, the CEQ(Excess Return).

The industry price P, is unaffected by the firm
decisions. For the constant returns to scale production
function, the firm expected supply is arbitrarily determined
by the firm. The subscript ¢ and f denote the industry
and firm respectively.

The problem of any firm in the perfectly competitive

industry can be stated as:

MAX ¢f (Pcl Xf, Qf) =0 (3.7)
(gag)
The necessary conditions for the above are:
o0¢f (Po, Xg, gf) =0 (3.8)
bg (Pg, Xg, g¢) =0 (3.9)

(3.8) implies that the firm sets its quality level such
that the marginal change in the CEQ(Excess Return) is equal
to zero. (3.9) implies that the Optimal CEQ(Excess Return)

earned by the firm is equal to zero.

Rewriting (3.9) after substituting the value of ¢¢ from
(3.5)

0r = x¢ [Polag,Xe) - Mc(ag) JT1 - A cov(grg ] = o
(L - COV(é;m)) is the certainty equivalent of a dollar of
expected net revenue and is positive. For (3.10) to hold

the following should be true
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Pc(qc,xc) - MC(gg) = 0
or Polge-Xc) = MC(qg) (3.10)
Hence the equilibrium product price is equal to the marginal
cost.

A slight increase in the planned total expected supply
in the industry would reduce the concensus market price
lower than the marginai cost. Considering the anticipated
losses,. some firms would like to restrict the expected
output or some firms would leave the industry. This
would increase the anticipated market price to the marginal
cost and re-establish the market equilibrium.

The above shows that all firms in the perfectly
competitive industry (with constant returns to scale
technology) operate such that the price is equal to the
marginal cost. |

Rewriting (3.8):

3¢f - _9 ,Xs) - MC Xg| 1 =A cov(8 :|=o" 3.11
ﬁ? = [re (acixo) (ac) Jxe | (8x,) (3.11)

After simplificatian (3.11l) can be written as follows:

a -~
Xe {[(ag% - ) (1 - acov (bew]

+ [Pc (dgiXg) - Mc(qf)] - .gg%"ﬂﬁm) . %]} =0 (3.12)

Substituting 3Yf = X [apc _ 3Mc
Iq¢ 9q ¢ odf
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Simplifying (3.12), and rewriting:

[—3—3@ o :“:(1 - ACOV (BEp)) + (Pe-MClag)) (-3 Syt 0
(3.13)

Because P = MC, therefore, the last term in (3.13)

is zero. Rewriting (3.13):

3P, _  OMC ~~ _
(aqf aqf> ( 1- "COV‘Qrm)> =0 (3.14)

as 1 - ACOV(8ry) > 0

hence 3dPg oMC
9q ¢ = 9gf (3.15)

(3.15) is independent of firm expected supply levels.
This implies that any firm in the perfectly competitive
industry would provide quality such that the marginal
value of quality is equal to the mgrginal cost due to
quality. This implies that if a price P, exists in the
perfectly competitive industry, then all firms would sell
the same quality product.

A simultaneous solution of (3.8) and (3.9) will provide
the equilibrium price and quality levels that would exist
in the perfectly competitive industry. The second order
conditions are shown to be satisfied in Appendix (3.1).

Fig. (3.1) represents the industry equilibrium.

Xy/Xy and X, are the expected industry supply levels.
X] < X3 <X,
, In this case the firm equilibrium is made possible by
the assumptions of:

Increasing marginal cost due to quality and decreasing
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marginal valuation of quality by the consumers.

These assumptions are reasonable with regard to real
world conditions.

Xc is the equilibrium expected industry demand. From
(3.10) and (3.15), the industry equiliﬁrium will exist
at that output quality where price is equal to the firm
marginal cost. The change in firm price due to quality is
equal to the change in firm marginal cost due to quality.

The above proves that when all firms face the same
price and cost function; then, they produce products of
the same guality. Hence, only a unique quality level
would be produced by the perfectly competitive industry.

The next section presents the discussion of: the

monopoly decision.
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Monopoly

This section analyzes the market price, quality and
expected demand levels when the industry has only one
supplier.

It is generally believed that the industry production
process affects and is affected by the industry market
structure. However, for purposes of this analysis, it is
assumed that the production process of this monopoly is
the same as that considered, previously, for the firms
in the perfectly competitive industry.

The cost function has constant returns to scale but
is increasing with respect to quality. The subscript m
denotes a monopoly. Let D(Pp,qp) be the industry expect-
ed demand at price Py and quality q . Let X be the
expected supply level by the firm.

The monopolist would determine the price P+ and
quality qp, that maximizes the CEQ(Excess Return) for
the firm (end of period) CEQ(Excess Return) is denoted
by ¢,. Price and Quality decisions are made ex-ante.
However, after the demand uncertainty is resolved and
the exact quantity demanded is known, the firm would
produce and supply the entire demand.

.The problem of the monopolist can be stated as:
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(pMax') [ ¢“‘] (3.16)

m’ 9m
S/T Xyu =D (Pps9y)i Xyr P and qp 20
Where ¢ = [bm = MC(qp) ] Xn [l ~-A COV(é;m)
Yo = [ Pp - MC(qy) ] X,
The First Order Conditions for the constrainted optimiz-

ation given in (3.16) are:

ém _ 3¢m/3®p - _3¢p/d
™ = Soo7 P _?Laﬂ'—an m (3.17)

Where
30m _ 5o L 3COV(6Brn) . ¥
Fya =[Pm - MC(ap) | |1 - COV(Ory) A=y Xn axm](3.18)
1 =X COV(8ry) - (P -MC(qg)) BCOV(BE ). oY
3n/ %%y _  m " M Sy TPay3.19)
=D/ 3P, )
3P,
And, ~e ~
=X, (1=ACOV (BX, ) ) IMC + (Pp-MC)Xp-) 8COVIErn)  8¥p
80n/dqy _ ™ Sam Y. gy (3.20)
‘—'a"m7‘(o Sap -9D/3qp

The following analysis shows that the monopoly price is
higher than the marginal cost of the product.

Simplifying (3.18) and (3.19)-by substituting

Y

Sy _

Xy Pp = MC(qpy)
and oY - x

aPm bl

From (3.18) and (3.19) it can be shown that:

- [pm - MC(qm)] [1 - COV(8ry) -A . 3%%’.‘35!!_1)_.xm.(1>m-muqm)]

m

= Xy 9pq [1 -\ COV(8r,) - (P, - MC(qg)) 2COV(e,Xm) Xm]
) 3xm 3,
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This can be further simplified as:

P, - MC(qy) + X, 8Pm[ |1 -A cov (6r,) + (Pp-MC) B3SOV (8rm)
0X ¥

=0 (3.21)
The second term (3.21) is positive for the following
reasons:
a. 1 -\ CoOv(gry) > 0
(it is the certainty equivalent of a dollar of

net expected cash return)
b, 9COV (8ry)
oY >0
(the Principle of Increasing Uncertainty)
c. (Pm - MC) t O
(a firm would not like to continue, if it knows
that the expected net revenues are negative).

For the above reasons the first term of (3.21) is

equal to zero.

)
P, — MC(qy,) + X, 5§m =0 (3.22)
m
Substituting 3Py < 0, (3.22) implies that
Xm

Hence, the monopoly price is higher than the marginal
cost or in this case, the average unit cost of the
product.

_ The following shows that the certainty equivalent of
a dollar of expected excess return earned by the monopo-

list is lower than that earned by any firm in the
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perfectly competitive industry.

From (3.10) and (3.23), the following is true

[ - MC(ay) | X > [Pe - MC(ae) (e (3.24)

) or Yo> Yg

(3.24) means that the expected net cash return of
the monopolist is higher than all firms in the perfectly
competitive industry. (The expected net cash return inm
the perfectly competitive industry is zero.)

From the Principle of Increasing Uncertainty and

(3.24) it can be stated that:

cov (5,;,“) > cov (e, ;m)
(monopoly) (perfectly competitive)
and 1 - XCOV(8, rp) <  1-) COV (8z) (3.25)
(Monopoly) (perfectly competitive.)

The term in (3.25) is the certainty equivalent of a dollar
of net expected cash returns. Hence the certainty
equivalent of a dollar of net expected cash return for

a monopoly is lower than the ce;tainty equivalent of a
dollar of the net expected cash return for a firm in

the perfectly competitive industry.

The following analysis shows that a monopolist would
set the price and guality such that the market valuation
of Fhe marginal quality is equal to the costs due to
marginal quality.

Equations (3.19) and (3.20) can be written as:
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X %2 [}-A cov(é, r,) - (P -MC (qp)) A. B_QXLQEmL_ ap :]
m

m U
= L [:— Xy (1= A cov(érm) MC — (Pu-MC) . Xy, 2COVAXmW) . 8¥n,
apm 99 oY, Qm
(3.26)

making the following substitutions

Ay )4 -aMC 3 3D /3D

oPp Xm and 3Gy aqm Xm ¢ 3G 5 /BPm
(3.26) can be written as:
Ta - M fa L1 -2 coviiim - & (pgric) 3y 39%‘;&@_)

q dm ° X Py

m [1 =X COV(6xrp) - A (Pm'MC)-xm aCOWGrmD ]

(3 27)
or Py, _  oMC
dp 94y

The left hand side of (3.27) shows the change in price
for any small change in the product quality. In other
words it is the marginal valuation of quality by the
consumers. While the right hand side represents the
change in the marginal or average cost due to change
in quality.

Hence at the optimal quality level the marginal
valuation of quality by the consumers is equal to the
marginal costs due to quality. It was shown earlier
that this condition also holds for any firm in the

perfectly competitive industry.
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X‘< X;_( XC

FIGURE 3.2



Comparison of Monopoly Decisions with the
Perfectly Competitive Industry

The following presents that the expected supply
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levels for a monopolist is lower than the expected supply

anticipated for the perfectly competitive industry.
The necessary First Order Conditions for the firm
equilibrium in the perfectly competitive industry are

given in (3.10) and (3.15)

Polgy, Xg) = MC(q.) (3.10)
Po(gn, Xo) _ 3MC(gg) (3.15)
aqc aqc

The corresponding necessary First Order Conditions for

a monopolist are given in (3.22) and (3.27)

Pp - MC(qp) + X, fm =0
9dm

8Pm (Gye Xm) _  3MC(gp)

odm o,

Also we know from the demand and production conditions,
that the cost function is convex downward in quality
while the price function is concave downward in quality.
Such that:

32MC 22p
-332 >0 and 352 < 0.

Fig. (3.2) represents the industry equilibrium for the
perfectly competitive industry and the monopoly firm.

, If we start at the equilibrium of the perfectly
competitive industry and reduce the quantity supplied

from X, to x1,

(3.22)

(3.27)



Because 9P/9X < 0

Therefore, there exists a Xl

< X, which makes
Plag, X1) > Plags Xc)
By changing X sufficiently, for a known de and x1
can be found that satisfies (3.22). Now, since 93P/3q > 0;
32p/3q2 < 0; aMC/3q > 0 andBZMC/aq2 >0. an x! and ql

exist.

Such that: 9P ,,1 _1y = aMC(ql)
55 (X7a) -—Eigl—-

which is also the first order condition for a monopolist.
Hence by changing X and q, there exists a X< Xg

and g, > q, that satisfies the necessary first order

c
conditions for a monopolist.

Hence the monopoly would plan to supply a lower
expected quantity (Xm < X.) than the perfectly competitive
industry.

The following analysis shows that a monopolist would
supply (a) a higher quality product if azp/aqax < 0;
gnd (b) a lower quality product if 32P/3qdX > 0 than
the perfectly competitive industry. %E% <0 implies
that the marginal revenue product of ;igiity deéreaseé

as the supply levels increase. The opposite is true for

32P/3qs8X > 0.

. (a) When 32P(X,q)
agdoX 0,

Rewriting (3.15), the necessary condition for the perfect-

ly competitive industry.
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ap(%c, Xgo) - 3M%(gg)
q q

Because 92P/3qdX < 0; therefore for an X < X, the
following holds:

oP (X, qg) N aMC (g.)

°ogq g (3.30)
Now, because 22p 0 and 3% > 0
3qZ © 32
therefore, an increase in q from g, would decrease
P (gn, X) and increase oMC . Hence, there exists a

8q 3qc
q > g, and X < X, for which (3.30) would turn into an
equality. Or this would satisfy the First Order Conditions
for a monopolist.

Hence for 233 < 0 the monopolist would supply a
higher quality gggﬁ the perfectly competitive levels.

An intuitive explanation of the above would be the
following: By restricting output supply, the monopolist

raises the marginal valuation of gquality. And it is then

advantageous to produce higher quality.

(b) when BZP(X,Q)
5q9X > 0.

for an X < Xc, (3.15) the necessary condition for a firm
in the perfectly competitive industry would change to the
following inequality.

' P (X,gs) . 3MC(g.)
ogq e

(3.31)



Since %3% < 0 and %E%E_> 0r a decrease of q from g.
q q

would give a q for which 2P{X,q) _ amc(q)
aq Tq“q_

Hence, there exists a q < g~ and a X < X, for which
C c

the necessary First Order Condition for a monopolist are

satisfied.
For 92p the monopolist would supply less
dgox > 0

quality than the perfectly competitive levels.

An intuitive explanation of above would be the follow-
ing: By restricting output supply, the monopolist reduces
the marginal valuation of quality and hence finds ad-
vantageous to lower the quality. The next section

analyzes the decisions of the regulated monopoly.

3.6 REGULATED MONOPOLY

The following analyzes, the price, the expected
supply, and the quality provided by a regulated firm.

The objective of the regulators is to provide price
control, or quality control or both so as to eliminate
excess returns to the firm. On the other hand, the
objective of the firm is to maximize its net present
value by choosing the firm price and quality.

If the regulators provide only price controls, then
the firm would be free to choose the quality level. The

expected supply would be determined by the expected
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demand. However, if the regulators are only concerned
about the product quality and apply quality controls to
the firm, then the firm would be free to choose the
price.

The following considers three types of firm regulatory
practices. They are:

1. Price controls only

2. Quality controls only, and

3. Both price and quality controls.

Let Pr' dy. and Xy be the price, quality and expected

supply from the regulated firm.

PRICE CONTROLS ONLY

In this case, the regulators fix a price level at
which the product must be sold. The firm fixes the
quality and expected quantity is determined through the
expected demand function. The following analysis shows
that only price controls by the regulators would not
eliminate the monopoly excess returns. The regulated
firm would set a quality level that would be lower than
the one supplied by the perfectly competitive industry.
The price given by the regulators would be higher than
the marginal cost of the product.

‘The regulators make an assumption about the quality

of the product that they expect the firm would supply.
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Considering q to be the quality, the regulators' object-
ive is to fix the product price P,. The reaction of the
regulators is to set a price that provides a fair rate
of return to the firm.

The reaction function of the regulators is:

CEQ(excess return) = 0
or
Xp(PL,q) (P.-MC) (1 =X COV@, 1) ) = 0 (3.32)

On the other hand, the reaction of the firm is to
set gy, that, for a given price level maximizes the value
of the firm.

The problem of the firm is:

Maximize CEQ{(excess return)
(ay) (3.33)
S/T X, - D(PL,q,) =0

The necessary condition for the problem given in

(3.33) is:
[Pr—MC(qr):I [-ACov(é,Em)] %% -D [1 - COV(S,fm)] _g_n%c_
A 3Cov (6xp) aY] _
+ D P_~MC - . — = 3.34
[ r (qr)] [ 3y 2d 0 ( )
-
where Y = [%r"MC(qr)_J D (3.35)
and Y = I'p_-MCc(gq.)] 82 - D 3MC (3.36)
sq - L PrMClap) ] 5d 3q

After substituting (3.36), (3.34) can be written as:

oD - - D 3MC - or.) —) DoCoVv p_
{’a‘& [pr MC(qr)j = }{1 A Covi{bry) =X Poxg=(P MC)}

q (3.37)

=0

The First Order Condition is satisfied,
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When in (3.37), first and/or second term is equal to
zero. The first term represents the change in expected
net revenue for the changes in quality. While the second
term represents the adjusted certainty equivalent of a
dollar of net expected revenue. The certainty equivalent
of a dollar of net expected revenue must always be

positive. Hence for (3.37) to hold the following must

be true.
D me _ 4 (3.38)
aq (Pr - MC(ar)) - D 3q; ~

Since 9D

oMC
3q > 0, and 3&; > 0.

Hence (3.38) would hold only if

Py - MC(q,) >0

and P, > MC(q,) (3.39)
The above has shown that when the firm is given a price
level that it must charge; it would reduce the product
quality such that the cost/unit of the product is lower
than its price. The certainty equivalent of the total
excess return earned by the firm is positive.

Appendix (3.2) shows that at the optimal quality level
the second order conditions would be satisfied. and an
optimal quality would exist.

 If the price set by the regulators is the same as
would hold in the perfectly competitive industry.

In that case Py, = P (x., qg) = MC(q.).
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The above discussion concludes that P, > MC(qr)

or

P (xo,q5) > MC(q,.)

Hence: q, < qg (3.40)
(3.40) shows that if the regulatory price is equal to the
price in the perfectly competitive industry the firm
would provide lower gquality than the perfectly competitive
industry.

Since dD
9q

(the price remaining constant, the demand increases

>0

with a higher quality).
For q_ > dc
D(Pgrq,) < D(Pgrqg) (3.41)
(3.41) implies that the monopolist would have to
supply a lower expected quantity than the perfectly
competitive industry.
Appendix (3.5) shows that _dqg; % 0 (3.42)
The sign of (3.42) depeggg upon the cost function
and the demand function. Therefore, increasing the price
of the product by the regulators would not always imply
that the firm would increase the quality of the product.
The next section analyzes the imposition of only the

quality controls.
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QUALITY CONTROL ONLY

In this case, the regulators fix a quality level that
the firm must produce. The firm determines the price
level at which it would sell the product. The follow-
ing analysis shows that the quality controls only would
not eliminate the monopoly excess returns. The
regulated firm would set a price level that is higher than
the marginal cost of the product. If the quality level
required by the regulators is equal to the quality supplied
by the perfectly competitive industry, the firm would
set a price higher than that which would exist in the
perfectly competitive industry.

Assuming that ¢, is the regulated quality level, and

P is the firm price level where x,. is the expected

supply.

The reaction of the firm is to set P, such that for
a given quality lev:2l maximizes the CEQ(excess return)
for the firm.

The problem of the firm is:

Maximize CEQ{(excess return)
)

S/T X, = D(P,.,q,

(P,

) =0 (3.43)

The problem given above can be rewritten as:

‘Maximize [P, - MC(g) | % [1 -2 cov(§, )]  (3.40)
(P.) -
r
S/T X, - D(P,q) = o
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The necessary condition for the optimization given
in (3.44) is:
[P -MC (q )] [}-ACOV(a; ):]30 + D [}—ACOV(é; )
r r G 1} ¥R »tm

_ dCOV (6.Xpm) . 9YY] -
+D [(pr MC(qy)) (-2 (%) . ZX 0 (3.45)
Where ¥ =[Pr—MC(qr):|D (3.46)
D
and 2 o [pomc(qy ] 8, (3.47)

After substituting (3.47), (3.45) can be written as:

[(er-uc(qp) 2B, D:] E_-A CoV(8r,) - DA 303V~f (Pr—MC)](3.48)
=0

The first term of (3.48) represents the change in

expected neﬁ revenue while the second term represents

the certainty equivalent of a dollar of net expected

revenue. The second term is positive and for (3.48) to

hold the first term must be equal to zero.

P-MC (q ) %% +D = 0 (3.49)

Since %% < 0, for (3.49) to hold Py-MC(q,)> 0.

The above has shown that when the firm is given a
quality level that it must produce, it would increase
the product price more than the cost per unit of the
product. Under these circumstances the certainty
equivalent of total excess return earned by the firm
would be positive.

.Appendix (3.3) shows that at the optimal price

level, the second order conditions would be satisfied,
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and an optimal quality would exist that the firm would
produce.

The following considers a case where the quality set
by the regulators is the same as would hold in the
perfectly competitive industry. 1In that case

P(gg,Xg) = MC(gg) = MC(q,)

But Py (g,,X,)> MC(q.)

or P,. > P,

The price set by the firm is higher than the price that
would exist in the perfectly competitive industry.

AWe know that %% < 0 -(quality remaining constant
the demand decreases with the increase in the price).

Or D(P,,q;) < D(P.,q.) (3.50)
(3.50) implies that the monopolist would plan to sell
a lower expected quantity than the perfectly competitive
industry.

Appendix (3.4) shows that 9Px 2 o (3.51)

The sign of (3.51) depends iggn the cost function
and the demand function. Therefore increasing the
quality of the produci would not always imply that the
firm would increase the price of the product.

It was shown that the regulated firm would always
set a price higher than the marginal cost of the product.

Only quality controls would not be sufficient to

eliminate the excess returns of the firm. The firm would
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earn positive CEQ(excess returns).
The next section shows that price and quality
controls are both necessary to eliminate the excessive

returns earned by the regulated monopoly.

PRICE AND QUALITY CONTROLS

The following shows that the price and quality controls
together would reduce the monopoly's excess returns to
zero. Any deviation of price and quality from perfectly
competitive levels would reduce the expected supply
level of the firm.

Let Py, Q. and X, be the price, quality and expect-
ed supply of the regulated firm. While P, gq¢ and X,
are the corresponding quantities for the perfectly
competitive industry.

The reaction function of the regulators is to set
a price and quality such that the firm CEQ(excess return)

is eliminated. The reaction function of the regulators

is:
Xp(PL,qy) (P-MC(q,) (1-A COV(8,5)) = 0 (3.52)
Where 1 - COV(a,r;.) > o; and

Therefore for (3.52) to hold, the necessary condition

is:

Pp-MC(q,) = 0 (3.53)
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(3.53) means that the regulated price should be equal
to the marginal cost of the product at the regulated
guality.

Now, if only price or only quality controls are
imposed by the regulators, the firm would set the quality
or price that would not satisfy (3.53). It is shown in
previous sections that only price or only quality controls
result in excessive returns to the firm.

(3.52) is only satisfied when for a higher quality
a higher price is provided.

Referring to Figure (3.2).

For g, > qg MC(q,) > MC(qp) (3.54)

T 2

Because 9P > ¢ 32p < o ana 3°MC > (3.55)

2q " g2 EEY:

From (3.52) P, = MC(q,)

Therefore P(Xs, qy) < MC (q,) : (3.56)
P(Xo,qy) < P(gy,Xr) (3.57)

Since %% <0 (3.58)

Therefore, X, < X¢ (3.59)

Hence, when the regulated price and quality are higher
than the price and quality of the perfectly competitive
industry, the expected supply from the regulated firm
would be lower than expected supply of the perfectly

competitive industry.

For d, < 9¢

MC(q,) < MC(q.)
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oP 0P OMC 32
Because £ < 0 < 0, %> 0 and >0
3q " 9qZ ' 39 .a.._xggq

From (3.52) P, = MC(q)
Therefore P(X_,qy) < MC(qr)
or P(Xc'qr) < P(X,.,q,)
Since %é <0
Therefore X, < X,
CONCLUSION

Under conditions of demand and uncertainty (when
expected demand is affected by product price and quality,
returns to scale are constant) it was shown that a
monopolist would restrict expected output. If the
valuation of marginal quality increases with quality,
the monopolist would supply higher quality levels than
if the indﬁstry had been perfectly competitive. The
opposite would be true if the marginal valuation of
quality decreases with quality.

If the principle of increasing uncertainty is true,
the certainty equivalent of a dollar of expected net
revenue earned by the monopolist is lower than that
earned by any firm in the perfectly competitive industry.

The requlatory agency would be umsuccessful in
_eliminating the excess returns of the regulated monopoly,
if only the price controls are imposed. By reducing the

product quality, the firm would reduce the output costs
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and therefore earn more than fiar returns.

Similarly, only quality controls would be insufficient
to eliminate the firm CEQ(excess returns) and the firm
would raise the product price.

It was shown that a model of firm regulation based
on price and quality controls is more realistic. The
traditional fallacy that the fair rate of return for the
regulated firm should be higher than the cost of capital
was discarded. The Capital Asset Pricing Model is
used to determine a fair rate of return for the

regulated firm.
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APPENDIX 3.1

The following discusses the second order conditions
for the optimal quality, gqf for the firm in the perfect-
ly competitive industry.

Rewriting (3.12), with the following notations.

Pe = Pc (gf, X)
MC = MC(ag)

COV = CoV( rp)

2% x 5{ 2P _ M — .
aq, +£9( 39, 294 Y( 1= A cov(E, m))
+ (Pe-MO) (-2 v .%{ )} (3.12
£
Substituting that 2zt = x;[ 2Pc a{;-]
a¢ = Pc 3M
-a—‘_lﬁ B {('%,h ¢ )[(I-Acw) + (Pe-MEYXg (- > acov )1}

The second derivative is
ﬁz = X_r{( .ai& - ?:-_"_‘.E ) S
29} 29,2 29,2

( 2P, _ 2Mc 25 x
2% 31# ) ‘31; f

Where = 1 - COV + (P - MC) Xg - A QCov
2y
and from the first order condition given in ( 34z )
2P _ 2MC
29, 29,
Therefore
Sﬂ¢ 2 1
N = X [ @ P _ Ddwmc ] D



Since P, = MC and (1- COV) > 0, this implies that

$>0.

2
As 2 Px <o

q%

hence 22
qf

satisfied.

ZMe

and gz 70,

<0

, and the second order conditions are
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APPENDIX 3.2

The following discusses the sufficient conditions for
a regulated firm equilibrium when only price controls are
given to the firm,

(3.34) gives the first order conditions.

Rewriting (3.34)

2¢ P_-MC 2D . _ _ 2c0V a__g:}.. (1)
aqr=[r ][ 5q (1= COV) -AD = . 3

2MC
- D(1- coy) ¢9MC _
( ) 58 0

where 2Y (P-MC) 2D DaMC

o9 ~ 294 - 249 (I1)
Substituting (II) in (I)

2% [ap (P,-MC) -D2MC [ 1- COV - AD 3COV (P-MC)
29, ~ (29 3 g 2Y (III1)

The first order condition is satisfied when in first
and/or second term is equal to zero. The first term
represents the change in expected revenue minus the
change in expected cost while the second term represents
the adjusted certainty equivalent of a dollar of expected
net revenue.

The certainty equivalent of a dollar of net expected
revenue must always be positive.

Hence for (III) to hold the following must be true.

2D (pr-mc) - D 2MC _
04

2d
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Let us now get the second derivative.

62?_ 22D aMc 2D 22MC
agZ = |pa? (Pr~MC) - 3q_  3q 292

1- cov -AD 2COV_ ]
[ 2y (B-MC)

Since the second term is positive, the second order
conditions for an optimum would be satisfied when the
first term is negative.

The first term represents the change in expected
marginal revenue minus the change in expected marginal
cost. For a stable firm equilibrium this must be
negative.

Hence the second order conditions are satisfied when

22D (P.-MC) - 2MC 2D . DMC 2MC 2D
'bq:! odr 924 ddr ¥qy 049y

The left hand side represents the change in expected
marginal revenue, while the right hand side represents

a change in expected marginal cost.
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APPENDIX 3.3

The following discusses the sufficient conditions for
a firm equilibrium when only quality controls are given

to the firm.

(3.50) gives the first order conditions for a

monopolist.

2P 2D dCOV+ 2Y (1)
— o P - cov) ==

5Pr = [rMCJ[(l ) 5% DA% . 3%

+ D(1- ACOV(8T,))
where Y 2D
= [r-MC] ap + D. (11)

Substituting (II) in (I)

2¢ P.-MC|) (1- cCOV) D vi(p-MC) D
__£=[r J{ - —F_D ——( —P+D

2Pr oY

+ D(1l- covV)
2 r D COV P,.~-MC)
5% = [:(Pr-MC) 5 + D] [ - COV - D Cr ] (II1)

The first term represents the change in expected net
revenue while the second term represents the certainty
equivalent of a dollar of net expected revenue.

The second term must be positive. Hence, for (III)
to hold the first term must be equal to zero.

(P ~MC) 2D . p

2P

Since 2D P

2 o, -MC >0

r

'and P, > MC
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Let us now discuss the second order conditions

2 2
2’ D 2D - acoy (Pr=MC)
a_pgl = {(Pr"MC) S+ SEt 1}{ COV DAY ¥ }(IV)

The second term is positive, (discussed before):
Hence for the second order conditions to be satisfied

- 2°D °
(PrMC) =2 + 24 1<o0 )

(V) provides the sufficient conditions for an optimal
price. This implies that a change in expected net revenue

due to price, must be negative.
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APPENDIX 3.4

If the regulators provide the quality controls and
the firm sets the price, the following discusses the change
in firm price when quality controls are changed.

The first order condition given in appendix (3.3)

provides that

'33—1’%: _ [:(P_Mc) g_g_ N IEH:" ACOV— D,\acov (P-MC)] (1)
and (P-MC) g_P'?. + D=0

Taking a total derivative of the first order condition

with respect to q,.
dp,  dMc | 2D - 22D 2%pD ap
[ dq -~ daq _Jap + [Pr MC] ¥aq T P2 dq

+ 2D 2D ap

g 2P daq °
2 2
or ¢P 122D (R -MC) ®D} ~ aMC _(By-MC) 2°D 2D
dg P 2p2 dg aP 2P2q Togq
or aMc 2D (»-MC) D, 2D
dg 9°oP ~ dPaq aq
ap
v 2
2D
2 2= + (p,-MC) 2D (1I)
opP Y apz
The denominator of (II) represents 2 quality

P2
remains constaint and price affects expected demand.

For firm equilibrium, Jﬁﬁ? must be negative.
2pPF
The numerator represents the 32¢ , which is the
2P2q

change in expected marginal net valuation of quality as



price is improved.

2

When 2 2.0 & 5
24q dgq
2

When 2°¢ ap
oP2gq 20 dgq <0

Hence the sign of dp depends upon the effect of quality
dq
improvements upon the expected net revenue function.
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APPENDIX 3.5

The following discusses the effect of change in the

regulated price on the product quality. Product quality

is determined by the firm.writing the first order condition

by the firm.

%% =['°°(Pr MC) - D gme J[. ACOV — 2 D a__C_O_Y(p MC)]

[ '_a_th (Pr-mc) — D’AMC]

Taking the total derivative with respect to P

2D [y~ dme Pr—mc ___2 dq
3‘1[ otq, d-P ¢ )( 29 dp + 29 aq,ap )
— D ¥Mc dq _ mc( oD df . 2D -
992z dp 29, 29, dpP + BP] = 0
After simplification
oD d
g(.j 39 z—hig + (PY-MC)L _..D‘a"MC 2Me 2D
ae 9 q o9t Sez 24 38
a8 ~ 7?9 39
2D
=~ 2= 4+ (Py-mc 3b 2MC 3D
[ 29 )35 29 2p + 29 2p ]
2D (p
712 + (r-me)2= 2Mc 2D
P 2D 9MC
<= + (Pe-mc) 2p _ D2 ‘me _ 2ME 3D
29 d (P ) Sqr T 29 29
The denominator of (III) represents ; which

is the change in expected marginal net revenue due to

quality for change in quality. At the firm equilibrium
3;‘ < o

. ¥’ >F

The numerator (III) represents 5—,;—57;- , which is

the change in the expected marginal net revenue of gquality

as price is increased.

@)



2
When 28

o
oP29 >
2
and ?——é £ 0
2P 29,

d
Hence the sign of a—% depends upon the expected net

revenue function.

olg

————

P

dq
ap

]

<0

>0
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CHAPTER IV

AN INTER-TEMPORAL MODEL OF FIRM REGULATION

UNDER TECHNOLOGICAL PROGRESS

\

The Environment

The following provides the environment in which the
inter-temporal models of firm behavior have been develop-
ed. First, the demand conditions of the firm are
described. Second, the firm production function and
cost conditions are presented. Finally, the firm revenue
and cost functions are developed and their behavior

analyzed.

Market Conditions

1. The Capital markets and the investor behavior con-
ditions necessary for the Capital Asset Pricing Model
(CAPM) to hold exist during each period. The market risk-
return relationship is provided by the CAPM, and it is
useg to evaluate the uncertain cash returns of the firm.

2. The riskless rate of return, the market price of

risk, and the distribution of market return remains

83
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constant over time.

3. The prices of capital good and labor are constant
over time.

4. The secondary markets for assets are perfect.
If in any period the plant capacity is different from
the optimal levels, the firm would buy or sell capacity
and keep the plant size optimal for that period. This
assumes that the capital is malleable.

5. The model considers all equity financing.

6. it and P, are the demand and the price for
period t. The firm faces a stochastic demand function
of the following form: |

;(t = D(Pt,a) )

where 5t e(0,), E(ar) =1 and ~-n is the demand
elasticity. gt is a random variable that has independent
and identical distribution for each period. Cov(at,;m)
is constant for each period. ;m is the return on the
market portfolio and is also independently and identically

distributed over time. The expected demand is
Xy = Pzn .
For a positive marginal revenue, n > 1. The regulators
make exante price decisions. Before the actual demand
is known to the firm, the regulators have to provide a

price level that the firm must charge. For each price

level there exists a distribution of demand level. There
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would be one price~quantity schedule for each state of
nature. In accordance with the expected demand function,
change in price would produce change in expected demand.
The amount demanded and the price would always be positive.
The demand would have a lower bound of zero and an upper
bound of infinity. The regulated monopoly is required to
supply all demand, expost.

The uncertainty for the demand and the revenue of this
firm is expected to be resolved at the end of the period

t.

Revenue = Ryg (etpgn) = etp%‘n

-~ l-n
Rt = Pt

The CEQ(Revenue) is determined through the Capital Asset

E (Revenue)

Pricing Model.
If A = £m%£ , is the market equilibrium price of
m -
risk.

CEQ (Revenue)

l-n a
py™® [ 1 -a coviery) ]
Assuming that L; = 1 =X COV(6xp)
L, is the certainty equivalent of a dollar of expected

' revenue. Then, CEQ(R,) = PtlanLl.

Production Conditions

" 7. The production process of the firm is certain but
the firm is obligated to satisfy the expost demand. The

firm output is equal to the expost demand. Exante, the
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guantity to be produced by the firm is uncertain, and has
the same distribution as the demand. The firm uses two
factors of production. They are labor and capital.
Labor represents the non-capital base input by the firm.

8. The firm makes the capital decisions exante.
Capital cannot be changed during the period and in the
short run the capital levels are fixed. Therefore, to
meet the expost demand the firm must vary the non-capital
base input. (To meet the excessive power demands the
electric power companies vary the fuel input while the
telephone company would vary its labor input.) Capital
being fixed in the short run, the labor input is stochastic
and its uncertainty depends upon the uncertainty in the
demand.

The analysis presented below assumes that the firm
has a homogenous production function of the form:

output = X, = BL%K"
where a+ 8 = c. And for C 2 l, there exist increasing,
constant and decreasing returns to scale, respectively.

9. B is the technological coefficient. It is
assumed that By is affected through technological change.
For technological progress Bi,; > B, and opposite would
be true for technological regression. The technological

change considered above is Hicks-Neutral. Under

Hicks-Neutral technical progress the production function
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shifts upward. The capital-labor ratio, the ratio of
marginal product of capital and the marginal product of
labor remains constant. The productivity of capital and
labor improve in the same ratio.

10. It is assumed that the firm does not incur
expenses for the technological progress. The progress
results from the experience and the techniques provided
to the firm by the equipment manufacturers.

The following analyzes the costs and revenue of the
firm at different levels of price and capital.

The firm expected output X¢ is given by the production
function as below:

6X, = Byl K¢P
From the above relationship, the labor requirement (Lg)
is given by: it = BEI/QKEB/a (Xt}/a (Et}/“
if W is the wage rate, then the total cost of labor
= WL = WBZl/aK;B/a (Xt}/a (e}/a . This means that the
total cost of labor is also stochastic. Using the following

simplifying notations:

= -1/
g = E(eY/9
L, = certainty equivalent of a dollar

of expected labor cost. The CEQ(Total labor cost) is

given by:
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CEQ (Total labor cost) = WAy g LZK;B/a Pzn/a
It is assumed that the interest rate (i) remains
constant over time. When K¢ is the firm investment, the

total CEQ(cost of financing) = iKy.

CEQ(Total Cost) CEQ (Labor Cost +

| CEQ(Cost of financing)
= WAtgLZKt'B/O‘PEn/a + ik (4.1)
$r4+1 is the CEQ(Excess Return) that are realized at the

end of period t. It is the difference of CEQ(Revenue)

and CEQ(Total Cost)

- -B/d p-n/a _ .
Or $y41 = PLTAL; - WALgL, Ky /% PE/® - ik, (4.2)

For a given price level, the capital K{ that
maximizes ¢, can be derived from the first order
condition:

A solution to the first order condition provides the
optimal K;*. Optimal Kz is given in (4.3) and a

corresponding CEQ(Excess Return) is given in (4.4).

Ky = {:G'O‘ A% P‘{‘] /e (4.3)
G = PO [eleeny s se] W
where
G = _i%
WgLo
G--a/ci

]
]
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The equations (4.3) and (4.4) have been derived, when
the firm is given a price level by the regulators and it
is free to choose the level of investment. (4.3) gives
the optimal level of investment as a function of the
price level. 1t shows that the optimal investment level
is a decreasing function of price. Higher prices would
generate lower investment levels. The reason being,
higher prices would reduce expected demand and, therefore,
requires lower investment levels. For the optimal level
of investment, the firm CEQ(Excess Return) is represented
by (4.4). A graphical representation of ¢,;q as a
function of price is given in figure (4.1). For
P, < P% ¢,,7 is a concave function of Py. For
P, > PC, $+4+1 is a convex function. For details see
Appendix (4.1). There exists a price level P% where the
firm would earn the highest CEQ(Excess Return). And a
price PtA for which the CES(Excess return) would be zero.

The rest of this chapter develops models of firm
behavior, under the above demand and production conditions.
Three conditions of market structure are analyzed.

They are:

1. Monopoly
2. Actively Regulated Monopoly, and

3. Passively Regulated Monopoly.
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4.4 An Inter-Temporal Model of a Monopoly

Under the demand and production conditions given
in the previous section, the following analyzes the
behavior of the monopolist. It is assumed that the
monopolist has a T-Period horizon. The monopolist faces
an uncertain demand in each period. The demand is
independently and identically distributed over time. In
each period the monopolist makes an exante price and
investment decision. The price decision determines the
distribution of demand, while the investment decision
determines the distribution of non-~capital base input.
Capital input levels remain unchanged during the interval.
While the quantity demanded and the amount of non-capital
base factor needed, is known after the uncertainty is
resolved.

The firm determines the exante, price and investment
levels, that maximize the net present value of the firm.
The net present value of the firm is the sum of discounted
CEQ(Excess Returns) earned by the firm in the present and
all the future periods.

In each period the firm makes an optimal decision by
considering that whatever is the present decision or
the outcome, optimal decisions would be made in all the
future periods.

Therefore, to solve the present problem, the firm
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must determine the optimal decision rules for all the
future periods. To do so, the firm must first determine
an optimal decision rule for the last period. Then, an
optimal decision rule for the last but one period must
be determined. The last but one period decision rule is
determined after considering that an optimal decision
will be made for the last period.

In this way, moving backward one period at a time
and recursively solving each period problem; finally,
the present period problem is solved.

The following, now presents the dynamics of the firm
decision making.

The firm would first determine an optimal decision
rule for the last period. The firm would determine optimal
price and capital levels that would maximize the CEQ (Excess
Return) .

The subscript m, t denotes a monopoly variable for

the period t. The firm problem for the last period is:

Maximize [ Om, T+1 .] (4.5)

(Pm,t;Km,t)

. * : .
Assuming that ¢m,T+l is the optimal value. Now
the firm would move one period backward and based on
the information available at the end of period T-2,
a decision rule for the period T-1 would be determined.

The firm would determine P and K . that would
It m,T-l

1, T-1
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maximize its net present value. The problem for the
last but one period is:
Maximize
* (]
(Pm,T_l;Km,R-l) [:¢me + ¢m,T+l /41+1) ]
or Maxinize

(Pm,T-l;Km,T—l) [¢m,T + Vm,T ] (4.6)

*
where v =
nt ¢m, t+l  (1+i)

Vm,T is the optimal value of the firm in the
beginning of period T, and represents the discounted
value of optimal CEQ(Excess Returns) for period T. The
price and capital levels for period T-1 do not affect
the cash flows for the future periods. Vm,T is in-
and P

dependent of K The independence of

m' t—l

future cash returns to the present capital and price

m,T-1°

decisions of the firm is a result of the perfect

secondary asset markets, and

oV oV
Therefore, instead of (4.6) the problem of the firm
in period T-1 is represented by:
Maximize [ ]
(P, r-1; Km,r-1) m, T
Through induction, the monopolist's decision problem

for any period t can now be generalized as:
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Maximize [
Pm, £+1 _J
(Pmt,Kmt) (4.7)

Hence the monopolist would solve a series of single period
problems. This simplification is a result of the assumed
perfection secondary markets and malleability of capital.
Under these conditions the monopolist would behave
myopically, unconcerned about the future. Substituting

for ¢m,t+l from (4.2), (4.7) can be written as:

e fmperl M [}é{ﬂl - WngAtK;E/“P;ﬁ/“- iKm;J(4.8)

(Pmt;Kmt) Pmt,Kmt

The necessary conditions for the optimization in (4.8)

are:
- -n-o
%m, t+1 - NCE
T = (1-n) PP Li- 0 WoloAtKme Pmt™ =0 (4.9)
- - o .
a%? £l - WLZgAt'g' Kth/ang/ -1 =0 (4.10)
mt

The first part of (4.9) represents the marginal
decrease in CEQ(Revenue) for increased price while the
‘second part represents the decrease in CEQ{(Cost of Wages).
The decreases in expected wages results from lower .
expected demand at higher prices. At the optimal price
level, for a small increase in the price, the decrease of

CEQ(revenue) would be equal to the decrease of the CEQ (Cost).

The first part of (4.10) represents the decrease in
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CEQ(Wages) for increases in capital, while the second
part represents the increase in the cost of financing.
At the optimal level of capital, any small variation

in capital should decrease the CEQ(cost of wages) equal
to the increase in the cost of financing.

A simultaneous solution of the two necessary conditions
in (4.9) and (4.10) provides the optimal levels of price
and capital.

The following represents the optimal solution:

—c __
c-nc+n

)
|

sn
mt [}n-l)Llc . Ae (4.11)

—n___ohH_ B __
* ~a/c sn s-nctn €|~ C-nc+n
G — .
(

K = A (4.12)
mt n-1)L,C t
i —%/c ;.o
where G = e =~ andas= G215
WGL, g B

G and S are constants that depend upon the demand and
production conditions.

After substitution of the optimal value of Knt in
(4.8), the CEQ(Excess Return) can be written as a

function of price as below
* -n/c a/cC n
= P A -1 4.13
Pt mt t [ (n-1) o ] ( )

The optimal CEQ(Excess Return) that a monopolist can

earn would be nonnegative only if the term in the
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brackets is nonnegative.

or n - 1> 0 (4.14)
(n-1) c

or

No monopolist would continue business for long if he is
sure that he can never earn a nonnegative CEQ(Excess
Return). Therefore, to ensure a nonnegative optimal

excess return it is assumed that ¢ < L. . This

condition relates the demand and outpﬁtlelasticities to
provide a region that would permit a monopolist to
stay in business. To satisfy this condition an increase
in the demand elasticity decreases the maximum allowable
degree of returns to scale. This condition also rules
out the possibility of expected total cost curve cross-
ing the expected revenue curve from above, and in this
way create firm disequilibrium.

The following discusses the change in optimal

decisions of the firm, when its technology changes.

Hicks Neutral Technical Change, implies a change in

technological coefficient. For technological progress
Bt > Byyq Or Ay < Apy. The ratio of two adjacent
optimal prices can be determined from the equation (4 .11).

A Qa
ot -= KE—‘ c-nc+n (4.15)
! m, t—l t-l
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(4.15) states that, under conditions of technological
progress the product prices would reduce every period.
Reduced costs would equate the firm CEQ(Marginal cost) to
the CEQ(marginal revenue) at an increased level of expect-
ed output. This necessitates an increased expected
supply. Therefore, the firm would prefer to reduce the
prices. The monopolist finds it advantageous to pass on

a portion of the benefits of improvements in technology

to the customer.

If due to change in demand or output elasticities,
o/c~nc+n increases, it would reduce the prices at a
faster rate.

For technological regression A, > A;.; the monopol-
ist would increase the price of the product. Technological'
regression increases the expected marginal cost of the
product., The firm equilibrium would result at a lower
level of expected output. Hence the firm would prefer
to increase the prices. After substituting the optimal
value of price in (4.13) the monopolist's CEQ(Excess
Return) for period t can be written as:

o ) sn c:§c+n A“C(l-n)[: n -1-]

m, t [?;:ITEI& :l : t - {=De
The above shows that the CEQ(Excess Return) earned

by the firm would only be non-negative if:
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—n__ >
(n-1)c 1
The ratio of CEQ(Excess Return) earned by the firm is

given below: )
oc(n-1)

Om,t+1 [At ] (4.16)
m, t Bl

(4.16) means that for technological progress, the CEQ (Excess

+ Return) earned by the firm would increase.

Hence technological progress leads to not only
reduction in prices for the consumer but also increased
excess returns for the monopolist. The opposite would
be true for the technological regression.

The above proves that the monopolist would increase
its CEQ(Excess Return) by improving the technology of
the firm. This also shows that a monopolist would
encourage the adoption of newer and better manufacturing
techniques by the firm. It is also clear from (4.16),
that if the returns to scale are increased, the improve-
ment in the technology would increase the rate of growth
of CEQ(Excess Return) of the firm. Increase in the output
elasticity of labor would also increase the rate of
growth of the CEQ(Excess Return of the firm).

(4.17) is derived from (4.12)

a{l-n)
© Km, t41 Aerl c-nctn
——-——Km . = [ e (4.17)
m,t
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(4.17) ihplies that with the improvement of the
technology, the capital investment by the monopolist
would increase. The decreasing price increases the expect-
ed demand and the expected output. The increased expect-
ed output requires increased exante capital levels. A
regression in the technology of the firm would require
a decreasing investment level by the firm.

If L is the certainty equivalent of total labor used

by the firm, then (4.10) can be written as:

- W :3'!"__ -1 =90
aKmt
or - ?_'_I_-‘_ = i-_
3Kmt W

This implies that the rate of technical substitution
for the certainty equivalent of factor inputs is equal
to the factor input price ratio. The monopolist makes
efficient factor input decisions.

This completes the discussion of the monopoly behavior.
It was shown that a monopolist would want to improve the
technology of the firm. This would increase the CEQ

Return) for the firm. The monopolist would like

to share the benefits of improved technology with its

consumers, and would reduce the product prices.

"4.4 Active Regulation

Active regulation means that the regqulators have
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the same information as the firm, and therefore set

prices that eliminate the firm CEQ(Excess Returns).

Active Regulation also implies that there is no regulatory
lag.

It is assumed that the firm and the regulators have
similar expectations for the demand distribution and the
technological change. The regulation is conducted through
the imposition of price controls. The firm is constrained
to charge only the regulated price to its customers.

The objective of the regulators is to provide a fair

rate of return to the owners of the firm. The regulators
would determine a price level which (under the expected
demand and technological conditions) would provide a

fair rate of return on the firm investment. The ob-
jective of the firm is to maximize its net present value,
while facing the regulatory constraint.

Under conditions of passive regulation, it has been
argued by Averch-Johnson (2), that if the fair rate of
return is equal to the cost of capital, the capital
decisions by the firm are indeterminate. The regulators
would provide a fair rate of return for any capital level
chosen by the firm. Under these conditions the firm has
no motivation to be efficient in its production process.
The firm is indifferent to the level of capitalization.

The above description of the regulatory process by



100

Averch-Johnson assumes a completely passive behavior on
the part of the regulators. However, when the regulators
have the same information as the firm, there is no reason
why the regulators should be passive and provide a féir
rate of return on any level of capital invested by the
firm. In fact, through price regulation the regulators
can constrain the firm to produce efficiently or else
leave the business. It is shown below that through
active regulation the regulators can constrain the firm
to behave as if it had been operating in a perfectly
competitive environment. Any deviation from the efficient
capital levels would mean negative CEQ(Excess Return)

for the firm.

Under A-J's passive regulation, when the firm is
given a rate of return constraint equal to the cost of
capital, it is true that the firm's investment level is
indeterminate. But in practice, the regulation is not
conducted by providing a rate of return constraint to
the firm. Firms are regulated by providing a price at
which the firm can sell its product. The A-J model has
been conceived in isolation of the regulatory practices.

Under active regulation, the regulators act as the
leaders in the duopolistic game between the firm and the
regulators. The leader knowing that it is the leader

who optimizes his own objective, while considering the
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reaction function of the follower. Therefore, the
regulators determine a price level that provides a fair
rate of return to the firm at the efficient capital
levels.

On the cther hand, the firm knows that it is the
follower and cannot affect the decisions of the regulators
through its own actions. The firm has no alternative
but to follow its own reaction function at the prices
provided to it by the regulators. Therefore, the problem
of the firm is to maximize its net present value while
conéidering the regqulatory constraint. The net present
value is the sum of the discounted CEQ(Excess Return)
for all the future periods. The firm has a T period
horizon. To solve the problem for the present period,
the firm has to know the optimal decision rule for all
the future periods. Hence it is appropriate that the
firm determine a decision rule for the last period and
then work backward to the present period.

The firm's problem in the last period is to maximize
the CEQ(Excess Return). The regulators would determine a
price level that provides a fair return to the firm at
the efficient capitalization.

, Therefore, at the price level given by the regulators,
the firm chooses optimal level of factor inputs. Subscript

o,t denotes time period t under active regulation (zero
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regulatory lag). The following represents the necessary

conditions for the last period:

aKOT f

The requlators and the firm both know the reaction
functions of each other. Both solve the problem represent-—
ed in (4.18) and (4.19), and know the price and capital
decision rules for the last period. Once the regulators
have solved the problem (after considering the reaction
function of the firm), the firm has no alternative but to
choose an efficient level of capital for itself. (4.19)
is the regulatory constraint. The regulators determine a
price level that reduces the CEQ(Excess Return) to zero.
(4.18) represents the reaction function of the firm.
For a given price level of Popr the firm tries to
maximize its CEQ(Excess Return) by setting an optimal
KoT'
A simultaneous solution of (4.18) and (4.19) would
provide the optimal price (PoT) and capital (KoT).
Having determined an optimal decision rule for the
last period, the firm would determine a decision rule
for the last but one period. Based on the information
set available at the beginning of the last but one period,

the firm would plan to maximize its net present value at
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the end of the period. This is equal to the CEQ(Excess
Return) for the last but one period plus discounted CEQ
(Excess Return) for the last period.

Hence the last but one period problem is:

Maximize
[:¢0,T (Pg,r-1, Kg,p-1) * ¢0,T+1/(1+i) ] (4.20)
KO,T—l
S/T 69,7 (Po,r-1, Ko,7-1) = 0O
Perfection in secondary markets ensures that
390, T+1 (4.21)
3K =0
O,T-l

From (4.18), (4.19) and (4.20), through induction, the
firm and regulators problem for any period t can be

generalized as below:

Max
Xy, ¢) ¢o,t+1(pot’xot) (4.22)
S/T %0, t+1 (Poy Koy) = 0

Contingent upon a given value of Pg¢,there is a
unique function ¢o,t+l' Its value depends upon Kg, ¢,
(4.10) and (4.22) show that in this maximization problem,
a function ¢o,t+l is being selected and then an optimum
point on that function is being determined.

This implies that under active regulation, the
multiperiod problem of the firm is reduced to single
period problem. Hence, the firm has to make an investment

decision that maximizes the CEQ{(Excess Return) for that
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period only. After substituting the value of ¢,.1,

the problem given in (4.22) can be rewritten as below:

Maximize
pl-n L -8/q - T
Kot ot L1"WhpoAg Kop  Popo =1 Ko (4.23)
1-n ~B/a - g . '
The necessary conditions are:
l-n ~8/q - ™ :
POt Ll_WLZgAt Kot Pot - 1 Kot =0 (4.24)
-c/ -n . =

The simultaneous solution of the necessary conditions

provides the following optimal values for price and

capital.
C
Seno e

G/C c=nct+n ‘
o SA
Poy = t ] (4.26)

Ll -n .

_ (l(l—n) c-nc+n
Koe = G | Sht J (4.27)
Ly .

From the optimal values given above, the following

relationship can be derived:

. o
P A c-nc+n
t+ t+1l !
r’
and a(n-1)
¥* c~-nctn
Ko, t A+l

Under conditions of technological change, these

results are discussed below.
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Technological progress implies that Appy < Ag
Substituting this in (4.28) means that the regulatory
price would decrease over time. This means that under
active regulation, the regulators would be successful in
passing on the benefits of technological progress to the
consumers. Although the regulators would ensure a fair
rate of return to the investors of the firm. Comparing
(4.28) with (4.11) shows that the regulatory price under
active regulation would be lower than the monopoly price
under no regulation. In the absence of regulation, a
monopoly would charge increased prices from its consumers.
By restricting expected output the monopolist would
raise prices for its product and would earn more than
fair returns for its investment. Under active regulation,
the product prices would decrease faster if the returns
to scale increase and if the output elasticity of labor
increases.

Comparing (4.27) with (4.12), it is evident that the
monopolist would make lower investment than the actively
regulated firm. The monopolist restricts output and,
therefore, also restricts investment. (4.29) shows
that under conditions of technological progress, the invest-
ment of an actively regqulated firm increases over time.
The‘reason being that the decrease in prices, increase

expected demand. The increase in expected demand requires
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more capital, even though, there is technological
progress.

The equation (4.25) ensures that an actively regulat-
ed firm would make investment to a point where the decrease
in the CEQ(labor) is equal to the increase in the cost of
financing. This means that the firm would make efficient
capital input decisions. The rate of technical sub-
stitution for the certainty equivalent of factor inputs
is equal to the factor price ratio.

(4.24) implies that an actively regulated firm would
earn a zero certainty equivalent of excess returns in
each period. Even when the technology of the firm is
improving the firm would not be able to improve its
value. This implies that the firm would be indifferent
to the adoption of the improved technology.

It was shown that active regulation is possible
when the regulators have complete and current information
about the firm technology and demand conditions. An
actively regqulated firm would have no incentive to improve
its technology. The regulators would always be success-
ful in eliminating the firm excess value by reducing the
product prices. It was shown that price regulation could
be achieved, when the fair rate of return is determined
through the capital market equilibrium.

If the regqulators are not current in their information,
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it would not be possible to actively regulate the firm.
In that case the regulators would act on stale infor-
mation. Or in other words regulation would be passive.
The regulators may lag the firm in terms of the firm
information. The next section develops a model of the
passive regulation of the firm. It is shown that the
existence of the requlatory lag provides an incentive
for the firm to improve its technology. The firm would

use the passive regulation to improve its value.

4.5 Passive Regulation

Passive regulation implies an existence of regulatory
lag. The regulatory lag means that the regulators do not
have complete and current information about the firm's

production function.

The regulators may not be able to exactly forecast
the demand and cost conditions of the firm for present
or the future periods. Procuring this information may
involve excessive costs. Budget constraint may restrict
the regulators to conduct research about future firm
conditions. However, it is assumed that the firm has
complete knowledge of the opportunities for technological
improvements available to it in the future. Also, the
firm may not willingly like to provide such information

to the regulators. Rather than to increase the probability
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of faulty decision through erroneous forecast, the
regulators prefer to base their decisions on the cost
and demand conditions of the previous period. The
information about the demand and cost conditions of the
previous period is publicly available to the regqulators.
Thus the regulators make the decisions for the present
period, assuming that the cost and demand conditions of
the previous period would continue into the present
period and all future periods. Therefore, a lagged
regulation considers a passive behavior on the part of
the regulators. Although, the firm knows the future
anticipated changes in the cost and demand conditions.

While making the decision for the present period, the
regulators determine a price level that would provide a
fair return to the firm at the technology of the previous
period. Given a price level, the firm would now determine
an exante investment level that maximizes the value of
the firm.

The behavior of the regulatory body is passive in

nature. The firm, knows the information lagl of the

The phenomenon of information lag analyzed here is
different from the analysis of regulatory lag by

Bailey and Coleman (4). Bailey and Coleman (4) analyze
the delays in regulatory reviews. The regulators know
all the information about the firm, when the review is
performed, but do not consider the changes that might

take place in the next period. In their study, the
regulation is conducted by providing a fair rate of return
constraint to the firm, and demand and production con-
ditions are assumed to be certain. Under above conditions
Bailey and Coleman have shown that a delay in the regula-
tory reviews can improve the production efficiency of

the firm. -
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regulators and sets out to use it for increasing the
present value of the firm.

The present study assumes that price regulation is
done every period but with stale information.

The following presents a model of lagged regulation,

when the firm horizon is T periods long.

4.51 T Period Problem

The excess value of the firm at any point in time is
the sum of the discounted CEQ(Future Excess Returns).

In every period the firm determines an exante investment
level that maximizes its value. Therefore, while making
the decision for the present period, the firm needs to
know the effect of present investment levels on all
future excess returns.

To make the decision for the present period the firm
would first determine optimal decision rules for all
future periods. The firm would first determine a decision
rule for the T th period (based on the information set
available at the end of period T~1). Having done this,
the firm would move one period backward, and based on the
information set available at the end of period T-2, an
optimal decision rule for the period t-1l is determined.
The .decision rule for T-1l is made after considering that

irrespective of the outcome or the decision for T-1,



110

optimal decisions would be made for the T th period.

In this way, recursively solving for one period at
a time and moving backward; the firm solves its problem
for the present period.

In each period, the firm maximizes its value subject
to a regulatory constraint. The regulatory constraint
determines a price that provides a fair rate of return
to the firm (under the previous period conditions).
Using the regulatory price, the firm determines an optimal
investment level.

Under the above conditions the problem for the T

period can be written as:

MAX;MIZE 1., T+1 [}pL'T: K, p) [Ipoy ] (4.30)
L,T

S/T ¢, r+1 (Py,r: Ky, p-1) =0 (4.31)

Subscript L, denotes the existence of regulatory lag.

¢1,,7+1 is the certainty equivalent of excess return for
period T received at the beginning of period T+l. It—l
is the information set available at the end of period

T-1. (4.31) is the regulatory constraint for the period

T. The regulators determine a price level P (By

L,T
. . £
using the capital KL,T-l and technology Bp.q © the
previous period) that would provide a zero CEQ(Excess
RetUrn){'or provides a fair return to the firm. Taking

P;m as the price for the T period, and considering
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the anticipated changes in the technology the firm plans
investment levels Kyq. KL,T is the level of investment
that maximizes the net present value of the firm.

Having determined a decision rule for the period T,
the firm would set to solve the problem at the beginning
of period T-1.

Similarly, T-1 period problem can be written as:

*
Max [? (Pr mo1: Kp m_q) [T, + 65 -/ (1+i) ]
Ky,r-1 LooT TLeToli PL,T=10 [7r-2 T Pre

(4.32)
S/T ¢L,T (PL,T-l; KL,T-2) = 0 (4.33)

where ¢;+1 is the optimal CEQ of excess return for the

period T. The problem given in (4.32) states that the

firm would plan to set a capital level in the beginning

of period T-1 that maximizes the excess value of the firm

at the beginning of period T. The excess value at the

beginning of period T represents the sum of CEQ(Excess

Return) for period T-1 and the discounted CEQ({Excess

Return) for period T. (4.33) is the regulatory constraint.

4.52 t'th Period Problem

Based on the above discussion, the problem can be

generalized as:
T+1

K-t-1
Max (Prp.Kpy) + ¢p,, g/ (1+i) (4.34)
ke ) D’L,tﬂ Lt:Kn¢ k=§2 L,K J

'S/T b0 (PL,e; Ky goy) = O (4.35)
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(4.34) represents the value of the firm at the
beginning of t+l. (4.35) represents the regulatory
constraint for the period t.

T+1 K-t-1

i?uz ¢L,K/(l+;) is the value of the firm in the
beginning of period t+l and will be denoted by VL'Z+1°
It is the sum of the discounted CEQ(Excess Returns)

for periods beyond t+l. The problem can now be written

as:

Max

.
K l: o, t+1 Pr,e,%n, ) * Vi, e ] (4.36)
L,T

Passive regulation can be considered as a duopolistic

s/T

game between the firm and the regulators. The firm acts
as the leader and knows the reaction function of the
regulators. The firm maximizes its value by considering
that the regulators would follow their reaction function.
The reaction function of the regulators is to provide a
fair rate of return to the firm, at the investment levels
of previous period. The regulators behave passively and
do not analyze whether or not the investment levels of
the previous period are necessary for this period also.

After substituting for P from the regulatory

L,t
constraint into the objective function, (because KL,t-l)

is known the firm objective function can be written as:
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Max

[}L e+l (B, o) + V41 (Rp,4) j]

K, ¢

The optimal solution must satisfy the following necessary

condition.
¢ VL, t41
oL, *ﬁz;‘““- =0 (4.38)

For a three-period problem it is shown later that the
optimal solution would be an interior solution.

Let KL,t be the solution to (4.38). This represents
the optimal capitalization of the firm. KLt maximizes

the net present value of the firm.

Let us assume that KE " is the efficient level of

capital for the firm for the period t, or KL & is the
level of capital where 39L,t+l _ o+ This is the point
oKg
t
[4

where the CEQ{Excess Return) for the period t is maximized
and the CEQ(Total Cost) at the expected supply is minimum.

f th i i \%
If at the optimum pointaVy 43

BKL t
(4.38) is satisfied when 8¢L,t+l <0. Given the
Ky, ¢

concave nature of ¢L 41 (KL,t)' it is evident that
1

>0

Kﬁ,t < KL,t or the optimal capital decision K is higher

L,t

*
than the efficient levels KL £ In this case the firm
'

would over-capitalize. When the firm expects that the

discounted sum of future CEQ(Excess Returns) can be
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increased by increasing capital levels, the firm would
prefer to overcapitalize.

Similarly, if at the optimal point VL, ¢41

< 0;

the sum of the future discounted CEQ(Excess returns) is
decreased by increasing the capital level, the firm
would prefer to undercapitalize in the present period.

. *
In this case  J¢L,t+l, o and Kp, <K ..
L

Therefore, the efficiency of factor inputs in the
present period depends upon the firm's expectations pf
“"How the future excess returns would be affected by the
present decisions."

The formulation given above is general in nature,
and no specification has been made about the demand and
production conditions. And hence, it is not possible
to determine whether the firm would overcapitalize or
undercapitalize.

The next section solves the above 'problem when the

firm horizon is three periods long.

4,53 THREE PERIOD PROBLEM

The following analyzes the effect of information
lag of the regulators on the firm input efficiency when
the firm horizon is three periods long. The firm production

function is homogeneous; which may have increasing,
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decreasing or constant returns to scale. The firm has an
isoelastic demand function. The regulators lag the firm
with regard to information about the firm technology and
the investment level.

For the regulators to be able to give a price
decision for the beginning period, the following assumes
that the starting conditions are similar to the perfectly
competitive environment. In the beginning period the
firm is assumed to earn a zero CEQ(Excess Return) and
the firm makes efficient factor input decisions.
Perfectly competitive starting conditions provide an
unbiased starting environment for the firm. It would
provide a point of reference and comparison for future
decision of the firm. 1In addition to above, the perfect-
ly competitive starting conditions provide easy algebraic
tractability. The effect of starting conditions,
different from the perfectly competitive case, on the
future firm decisions would be studied through computer
simulation. The simulation results for different start-
ing conditions are given in the next chapter.

The following presents the passive regulation for a
3 period firm horizon. First the perfectly competitive
starting conditions are analyzed. Then the firm behavior
in the last period (3rd period) is discussed. Finally,

the firm's decision making for the second period is dis-



cussed. The subscript L, for the regulatory lag, has

been omitted.

PERFECTLY COMPETITIVE STARTING CONDITIONS

It is assumed that in the first period the firm
behaves as if it is working in a perfectly competitive
environment. The firm is given a price level, that at
the efficient capitalization, provides a fair rate of
return to the firm.

The first period problem is to choose an excess
return function, that at the efficient capital levels
is zero.

The above can be represented by:

MAX  ¢5(P; K,)
K1

and ¢ (P1,Kq) = 0
The necessary conditions are:

323 (PlIKl)

oKj =0
¢2 (PllKl) =0
1-n -g/a _-P/a ,
where ¢2 = Pl Ll - AlegWK1 Pl - lKl

Substituting for &5, (4.41) and (4.42) can be

written as below:
~c/a -n/o
B/G AlWngKl Pl - i =0

1-n ~-B/a =-n/a
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(4.39)

(4.40)

(4.41)

(4.42)

(4.43)

(4.44)
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(4.43) represents the marginal change for the CEQ
(Excess Return) with respect to exante capital change
should be zero. This also implies that the capital input
levels should be efficient and the CEQ of the total
cost be minimum. A simultaneous solution of (4.43)

and (4.44) provides the following optimal solution.

c 1
b - [%A%/c } c-nc+n < _[laa/c sn Ala(l--n)_-lc-ncﬂi
1= . 1l 7 ——

When the starting conditions are perfectly competitive,
(4.45) gives the values of Py and K1 that would exist for
the first period. The firm would earn a zero CEQ(Excess
Return); or
$5(P1K;) =0

Based on the capital level for the starting period,
the regulators would now determine P2(P2.is the price
level for the second period). Hence the regui;tory
constraint for the second period is:

®(p,.Ky) = 0 (4.46)

Comparing (4.40) and (4.46), it is evident that P,=P;.
This simplification was made possible by the perfectly
competitive starting conditions assumed in this section.

From the equation (4.43) K; is given below:

Ky = [@ Py - Ala:]l/c | (4.47)

where jo
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Substitution of K, in ¢, provides ¢2 as a function of
price. ¢2 is the certainty equivalent of excess return
for the beginning period. It can be written as:

¢, = B,/ [;Pll‘n+n/° L, - sa,%° :] (4.48)
(4.48) gives the CEQ(Excess Return) for the period one
as a function of price only. When the price level is
equal to the perfectly competitive levels ¢2 is zero.
However, if the price is higher than the perfectly com-
petitive levels ¢2 is greater than zero. A maximum $o
is achieved when the price is equal to the monopolistic

levels. The monopoly price is given by:

a -c
Py = E!l_ Ry /c ] c-nc+n
-1 Iic

In this case the increased prices would necessitate
a lower level of investment.

Hence if the starting conditions are that of a
monopoly, the starting period price is higher and capital
is lower than the perfectly competitive case. This means
that with the monopolist starting conditions the second
period price would be different than the first period.

The second period prices are fixed based on the first
period capital levels. In the next section it is shown
that any increase or decrease in price from the perfectly

competitive levels raises the second period price.
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FIGURE 4.1
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The above shows that different starting conditions
would produce different firm conditions and regulatory
constraints for the future periods. Therefore, the future
firm conditions are affected by the starting conditions.
How the starting conditions interact with the length
of the firm horizon would be further studied through the

simulations.

FINAL PERIOD PROBLEM

To solve the problem for the second period, the firm
would first determine the optimal decision rule for the
~last period. Whatever are the decisions or outcome in
the second period, the last period decisions must be
optimal with respect to that.

In the third period, the firm maximizes the CEQ(Excess
Return for the 3rd period. A price is given that provides
a zero CEQ(Excess Return) at the technology and capital
levels of period 2.

The problem in the third period is

MAX. ¢, (P, Koy AL) (4.49)
(K 3) 4 %37 B3 83
S/T 94 (P3, Ky, Ap) =0 (4.50)

Pi is determined from the regulatory constraint given in
(4.50).
To decide a capital level K, for the second period,

the firm needs to know the effects of K2 on ¢4. This is
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done by first determining the effect of K, on P5 and then

the effect of P3 on ¢g4.

adg _ 9P3 b4
3Ky 3Ky " 9Pg3 (4.51)
3dy
9K, is now determined by separately evaluating 9P3
oK,
and 394 . %P3 denotes the effect of second period capital
31’3 3K2
level on the third period price. The behavior of oP3
K
at different levels of K, will now be determined 2
from the constraint given in (4.50)
%P3, Ky) =0 (4.50)

¢ is an implicit function of P53 and K,. Denoting

the partial derivatives by the corresponding subscripts

such that
oP3 59 a9
K, Pxs 3 = %, 3 ~ bk
From (4.52) Py = - $§ (4.52)

Appendix (4.1) explains that P3 is a convex function

of K,. (See Fig. (4.1)). Considering (4.52), Pyp=0

when ¢p = 0 and K, KZF small changes in K, from KzF
would not change Ps.

An increase or decrease of K, from K2F would increase
price, such that:

'For K2 > KZF; PK >0 and for K2 < KzF; PK <o

P3F and K2F can be determined by simultaneously solving:
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O °
oF = o
c/a -n/o
where: ¢§ = A2L2W9(K2F) (P,5F) - i

Simultaneously solving for P3F and KZF gives

-n a(l-n)
F -a/c s c-nc+n c~nc+n
- c
P [.g a/c-] c-nc+n

Figure (4.l1) represents the regulatory constraint for
period 3. KZF represents the efficient level of capital
(at the layged conditions) that satisfies the regulatory
constraint. While P3F is the lowest price that can be
imposed in the third period. The following intuitive
explanation can be provided for the convexity of

P3-K, schedule.

Output remaining constant, when capital is increased
from KZF CEQ(Total Cost) would increase. Change in cost
from the efficient levels would increase the cost.
Certainty equivalent of revenue and total cost would now
equal at a lower expected output. In other words, the
regulator§ constraint would be satisfied at a lower leve
of expected output which implies higher prices. Hence
the convex nature of P4-K, schedule.

‘Let us now determine the effect of a given P45 on

the CEQ(Excess Return) for the third period. In the
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(4.53)

(4.54)

1
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third period, when Pj3 is given to firm by the regulators,
the firm maximizes the CEQ(Excess Return) by choosing
efficient K. The third period is the last period in
the firm's horizon, the firm does not have to consider
the effect of K3 on future returns.

In the last period, the problem of the firm can be
stated as: for a given price find an optimal level of
capitalization that maximizes CEQ(¢y4):

Maximize b4 (P3,K3)

K3

or Maximize P3P L, - AjWgL,k38/® Pgn/“ - i Ky (4.53)
K3 .

From the necessary conditions given in (4.43) an optimal

Kq is given as:

~a o -n 1/c
k3 =[6 Ay Py ] (4.56)
Substitution of optimal value of K3 from (4.57)in

(4.56) provides optimal ¢z as a function of Pj.

. -n/c l-n+n/c o/c
and ¢) = P, Py Ly - SAy | (4.57)
The ¢4 - P3 schedule is given in Figure (4.2).
From (4.58) the following can be derived ¢4 = o at aA
c
A SA3a/c c-nc+n
and Pj = | I3 c (4.58)
/c C—nc+n

o
nsA
bg is Max. at B; P3B = [in-i)LlC ] (4.59)
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Figure 4.2
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and also for P3 < P3B, a¢4*/ oP3 > 0

for P4 > P3B 8¢4*/ 8P3 <o

¢4—P3 schedule; given in Fig. (4.2) is the schedule
achieved when the firm is provided a price level that
it must charge while it is free to choose its capital
levels. It was shown before that P3F is the lowest
price that can be imposed for the third period.

As price is increased from Fig. (4.2) the increases
in price decrease the CEQ(Revenue) less than the CEQ (Cost).

Hence there is a net increase of CEQ of excess

return. At B, the CEQ (Excess Return)is the highest and
the change of CEQ of revenue and cost with respect to
price are equal.

However, if the price is increased more than P3B
the CEQ(Revenue) falls much quicker than the fall in
the CEQ (Costs). Hence the excess revenue decreases.

To know the effect of K, on ¢: Fig. (4.1) and (4.2)
have to be combined. This would now be analyzed when
there is technological progress. Technological progress

F given (4.54) and P3A

implies that Az < Aj. From Pg
given in (4.58) it is evident that PJF > pjt.

Through the convex nature of the regulatory constraint,
thelP3B can be arrived at from two different capital

levels i.e.
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K,B1 and K2B2; where KBl < x,F < K2B2

By combining figures (4.1) and (4.2), the following
can be derived:
Figure (4.1) Figure (4.2) Figure (4.3)

(1) K,B1 <K, <K)F | 0P3/8K, < 0| 394/3P3 > O | 964/0Ky < O

(2) Ky < K,Pl| 8P3/0Ky < 0 | 99,/0P3 < 0 |3¢,/3Ky > 0 (4.60)
(3) K,¥ <K, <K,°2| aP3/0Ky > 0 | 3¢,/8P3 > 0 |34,/0K, > 0
(4) Kp > K,B2 | 8P3/8Ky > 0 | 9¢4/0P3 < 0 |29¢,/8Ky < O

The signs for the second derivatives have been derived
in Appendix (4.2).

For the conditions given in (4.60) the ¢4 - K,
schedule is bi-modal and is shown in Figure (4.3). At
K2F the ¢4 function is convex downward while at K2B1
and KzBZ, ¢4 has the highest value and is concave down-
ward. The values of ¢, are equal at By and B,y as it

corresponds to the same price P3B.

K2B1 and K.B2 can be determined from the following

2
regulatory constraint:
1-n -B/a =-n/a
P7TRL, - WLygRoK, P, - iK, = 0 (4.61)

P3B is given in (4.59).

An intuitive explanation for the bimodal ¢, ~ K,
schedule is as follows: Increase or decrease of capital
levels from K2F would require a higher Py to satisfy

the regulatory constraint. Increases in Pj3 raises CEQ(Excess
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* Return) until it reaches an optimum at P3B
and then declines. The behavior of ¢4 ras K, is
increased or decreased from K2F ,i1s similar. This
provides ¢z as a bi-modal function of K,. If capital
levels are increased or decreased from KZF, ¢4
would increase.

The following discusses the effect of technological
change in ¢4 - K2 schedule. The ¢4 - K2 schedule is
given in Figure (4.3).

Under technological progress, (from (4.59)) P3B
would decrease. The maximum ¢, would take place at a
lower price. Considering the P3 - K, schedule, this
implies that technological progress would contract the
two wings of ¢, (in figure (4.3)) towards the center.
On the other kand, K,¥ given in (4.53) would increase
with technologiqal progress. Hence, technological

progress would contract ¢4 - K2 schedule but shift

F

K,

to the right.

EFFECT OF K, ON SECOND PERIOD CEQ( EXCESS RETURNS

As discussed before, the firm exante capital decision
for the second period considers to maximize the CEQ
(Excess Return) for the second period plus the discounted
CEQ(Excess Return) for the third period. The effect of

second period capital on the third period CEQ(Excess Return)
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is given in Figqure 4.3.

The following now discusses the effect of K, on
CEQ(Excess Return) for period 2i.e.¢3. L

The certainty equivalent Excess Return for period
2 (taken at the beginning of period 3) is:

~-n/o K -B/a

For the starting conditions assumed in this study
(Perfectly competitive), the price for the second period
is the same as in the first period.

Substituting from (4.45) and that P, = P;

—c
/c c-nc+n

o
= E ]
2 L
1
3203
8K£7 <0 This ensures that ¢3 is a concave function of
K2.
¢3 is a maximum at Kzl
where y -n
-a/c a/c a/c c-nc+n
K, = 6 A, SA1 (4.62)
L
¢4 is CEQ(Excess Return) achieved by the firm when
the firm must charge P, and it is free to vary its capital
input. Providing a price level fixes the CEQ(Revenue)
for the firm. However, the firm can change its CEQ(Cost)
by changing the capital investment. At the efficient

level of capital input CEQ(total cost) would be minimum

and CEQ(Excess Return) would be maximum. KZL provides
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FIGURE 4.4
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the maximum b3. If the firm had only a two period long
horizon and if it were not to consider the effect of
the second period capital levels on the third period
returns the firm would choose an efficient capital level
of KZL. Figure (4.4) shows ¢3 as a function of Ky.
Technological progress implies Ay < Ay and it would
ensure that optimal ¢3 > 0. Under technological progress
¢3 and ¢4 have been graphed agaihst Ky, Figure (4.5).

From (4.53)

n -n

. ~a/cC a/c - clc-nc+n) s c-nc+n
K- = @ A S
2 2 L,

Comparing K,F and K2L
For technological progress K2F > K2L

and for technological regression KZF < K2L

OPTIMAL K9 UNDER TECHNOLOGICAL PROGRESS

The second period capital decision by the firm maximizes
the CEQ(Excess Returns for the second period) plus the
discounted CEQ(Excess Return for the last period).

The firm maximizes [¢3 + g/ (1+i) ] (4.63°

The necessary condition is:

203, 244 - (4.64)
K, t (1 + i) T

The effect of technological progress is to shift the
¢3 function to the left of F, (Figure 4.5).

From ¢4 -~ K, and ¢3 - K, schedule in Figure (4.5),
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FIGURE 4.5



133

depending upon the rate of technological progress, two
situations can result,
(a) KL > k,Bl

When the rates of technological progress are such

that KL > KzBl there exists a K,

L By
where K2 > K2 > K2

and 9¢2 c$3 (4.65)
Y = T BRI (L+i)

Hence K, would be less than efficient capital levels
or the firm would undercapitalize.

In a situation of relatively slow technological
progress, the decreased capital levels would increase
the future excess returns more than the fall in present
excess returns. Decreased present capital would allow
future increases in the price that would increase excess
returns. Hence the firm would find it beneficial to
undercapitalize.

(B) If the rate of technological progress is such that
By

L
K2 < K2

and production elasticities provide a price that satisfies

, and if the combination of capital, demand

the regulatory constraint, then there would exist a K2

such that

Bl L
K2 > KZ > K2
and, 3¢2 303 (4.66)

W, = T T, (i+i)
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The necessary condition for optimization would be satis-

fied for K, > K L and overcapitalization would be the

2
result.

When the rate of technological progress is very
large, larger than efficient present capital levels would
reduce future prices through the regulatory constraint.
Reduced future prices increase future excess returns.

Hence the firm would like to increase the capital levels

from the efficient levels.
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APPENDIX 4.1

The following develops the characteristics of the
CEQ(Excess Return) earned by the firm when it is given

a price Py and it is free to determine an investment

level K,.
From equation (4.2)
-n -(*/ -
Fear = P, - WAL, ke(; " pe g T ke (1)

For a given price Pt +» Let us find an optimal K.

"‘c/a( _”/
2 o .
—,S?:%U = WAQ_—QL,! [s/u( kg Pe - 1 = 0
* . ~ oy -N/c o(/c
d = | - 1*_:‘— c
An optimal K¢ ¢ (wgl-z{& ) P. A,
when W3 L, B
|
N —%fe & -n /e
Kt = [G| AL’ Pe ] ...(/c (II)
G tTc¢
Substituting (II) in (I) and considering that S =
-njc =AM/ ¢ zfc P
P = Pe [ Pe L, — She ] (I11)
From (III) qétﬂ =0
- o
when l:pt‘ n+ /¢ L, — s"“_/c ] - o
o(/c ___S-————- (IV)
oy Pt — S, Ae C-nec+m
After substituting to value of Pt
-n-C
A 1-n+ /e [ 8
2fes — " pl S [T —sat ]

(v)
-n/ - "y
#pe s [Comamzey 0]
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t+1 will be maximum, when (V) is equal to zero

(V) can be written as:

o -] -n+n
-/ -n+ A /e
2%y ¢l -n c SN Ae P 4 (1m+ c
35 S e P To o A P ()P S ]
~"/¢ “n+n % -1
oy = P [(l-“)Pe L, 4+ 30 Ay =0
¢ (V1)
“n+n/c s “e -1i
or C1=m) P, L|+_€.‘At—P ]:O
B </ eryge
_ _ _-n-s C ] C-nec +n
P = P = @yce, A
C
_ ns C-nec+nm —_—:—nc+ﬂ (VII)
= O\—I)L.C] Ay )
PtB is the optimal price for a monopolist for
B
Pe <Py 2@y

2P,
and Py > P B 29,41 < 0
2P

2.
The following evaluates 2 ¢t-+c .
2P, 2

2 -n-C -+ N/ “c -
zf_u_'—-tﬂPC[l-np €L Sn Ay b |
T = = Pt -w) P, v+ o Ae Pe
~Me P AR e~ *
+ P [ Qe P BT - SE AP
( B
a) When Py = Py
“/c -1
< M-l sn A Me-n-c
sn A fQe-n-c¢
2Pt = P [ < e ( < )_7
BPEL

For a stable firm equilibrium, it is assumed that

nc-n~-c <0

Hence al¢"+//3P5—2 £ 6
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This means that for Pt = PtB, ¢t+l is a concave function

and satisfies the second order conditions for an

optimum.
2

(b) TP _ o (VIII)
2P tZ .

(VIII) would hold when Py = P.D, ana
C

Pb S M+c) A:f/c c-nc+n,
£ = CL, tn-1)C ]

PtD is represented in figure (4.2)

If ¢c ¢ B (Feasibility condition for the firm)
n_1
n+c
c ’n

and PtD > PtB. (Refer to figure 4.2)
The above implies that:

914‘!:—“ < o for Py <P D,

2P,.2 t

t
And, 3L¢t:+l
ZP{;Z'

for P >P D,
>0 t 7t
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APPENDIX 4.2

The following shows that Py is a convex function of
Kj. |
The regulatory constraint is:
¢(P3'K2) = 0
is an implicit function of P; and K. The regulators
determine a price P, that provides a fair rate of return
on capital Kj,.

Denoting the partials with corresponding subscripts
P

P
It is shown in figure (4.4) and derived in Chapter 4

Py = — (1)

that for a given P3, ¥ is a concave function of K,.

2
Such that 2—24 <0
Sk

and for K, § K,*i Pi %o (11)
Where Kz* provides an optimal level of capital for a
given P,
For the firm equilibrium to be stable, it is weil known
that CEQ(Total Cost) curve should cut the CEQ(Revenue)
from below.
This implies that when¢==0, ’ ¢% <0 (III)
Substituting II, and III in I.
It is evident that
P >0 for K, < Kj§
P <0 for K, > K3 (IVv)

and Py = 0 for K2 = K;
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Let us now analyze the second derivative of *I)
Pyg = - ¢P ¢/<;< - ¢/< ¢/’k Px (v)
@)%
¢p Bk + ¢k ¢Pk qsk /¢/’
Pp?
2 2
Pr Pk + P Ppx (V1)

¢ 2
l-n i < -n/u
Since = P3 Ll‘Azngzxz P3 - iKz

-n -PL —n-«

(1-n)P3 Li+AjWgL,K, (2 P3 T« )

]

-c/x -n- &

= =R WgL, B/« K3

xIB

or ¢PK <0
The above discussion provides the following:
¢'PK < 0,
P < 0,
Pp <o,
Pk > 0 (for K, < Ky*)
and K < 0 (for K, >K2*)
Substituting above in (VI), it is evident that for
Ky <K,* or K, >Ky*, PR > o. (VIII)
From (IV), Pg 2 0 for Ky § Ky* (IX)
(VIII) and (IX) imply that P4 is a convex function of

K> and is sketched in figure (4.1).
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APPENDIX 4.3

The following discusses the second derivative of
95'4 with respect to K,.
2ty _ 2% | 2R

3,4<2 T 2f 2k,
Using the subscripts for the derivatives
Pr = Pp - Pk
and  pgx = PoPrx + Px? Ppp (1)

For K, = Kgj or Ky = Kp,, the following is
provided in Appendices (4.1l) and (4.2).

Pk 2> 0

p =0

P2 >0
and %p <0

After substituting in (I), it is evident thatgfkk P-)

for K, = Kgf , it is shown in Appendices (4.1)
and (4.2) that

7‘9 >0

Ppp < 0

Py=0

and Pyx >0
After substituting in (I), it is evident that%(K >0
Referring to figure (4.3), the above proves that a B;
and By, ¢4 is a concave function of K5, while, it is

a convex function at F.
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APPENDIX 4.4

Under conditions of regulatory lag, the following
discusses the technological regression. It considers a
three period firm horizon and the starting conditions
are assumed to be perfectly competitive.

It is shown in equations (4.53) and (4.59) that

¢
'</c C-nc +n
- S Az ]
P3 = L,
c
q e At et et
A [543/° c-nc+n
P = ————
3 L,

For technological regression A, » A3, therefore,

A . . . F A _
P3F > Py This implies that 754 < 0, and ¢4 = 0.
In accordance with above, the 554 - K2 schedule is .

sketched in the following diagyam

A A

- K \
o £

The 953--K2 schedule is sketched in Figure (4.4).
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K2L is given in (4.62)

«/c -n
L -%c *%c [sa; c-nctn
K,” = G A, Ly (4.62)
also K2F is given in {(4.53) .
< | -n (1l-n)
-%crs c-nc+n c~-hc+n

. L F

The rest of the discussion is similar to the case of
technological progress discussed in Chapter IV. The
technological regression shifts the 953 function to
the right.

When K2L > K2B2, the decrease of capital from
efficient levels increases the present value of future
excess returns more than the decrease of present period
CE (Excess Returns). 1In this case it is advantageous
for the firm to undercapitalize.

When KZL < K2B2, the increase of capital from
efficient levels increases the present value of future
excess returns more than the decrease of present period

CE (Excess Returns). In this case it is advantageous

L _ g B2

2 2 4 efficient

for the firm to overcapitalize when K

factor input decisions are made.
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V., is the value of the firm at the end of period

3

Vy = Pyt B/ (14i)
From the above figure, for KzF 'Y Ky, < KZA, ¢4 <0
and in that case if 753 < - ?54/1.,_5_, V3 < 0. Although
the firm would overcapitalize but it would have a negative
net present value. The above shows that under technological
regression, conditions may exist when.the regulated

firm would have negative net present value.



CHAPTER V

SIMULATION OF THE MODEL OF FIRM

BEHAVIOR FOR ELECTRIC UTILITY INDUSTRY

5.1 INTRODUCTION

This chapter presents the results of the simula-
tions of the models of firm behavior as developed in
Chapter IV. The simulations have been performed for the
electric utilitf industry. The firm behavior has been
analyzed unaer différenfzconditions of regulation and
market strucfure}f"ééction 5.2 presents the unique
'characteristics of the Electric Utility industry. Section
5.3 outlines thé'ba;ic concepts and methodology used
for the simulation.. This is followed by the description
of the algorithm and the mechanics of the decision making
by the firm and the regulators. Finally, the results

of the simulations are presented.

5.2 The Electric Utility Industry

In this study‘the simulations of firm behavior have
heen conductéd on the electric utility industry. The
characteristics of the electric utility industry have
been extensively analyzed in the literature.* This is

precisely the reason for its selection in this study.

*See Taylor (84)
144



The.perfo;mance* of the last three decades shows that
the electric utility production function is characterized
by increasing returns to scale.'?Mhile analyzing the
effect of the regulation on the firm behavior, Courville (16)
estimated the parameters of the production function for.the
Blectric Utility Industry. ﬁfs analysis has considered
the generation aspect of the Electric Utility Industry.
The transmission and distribqtion“of electricity was not

included bBecause of the following reasons:

(1) They are probably characterized hy a fixed
proéoftibn'production function.

(2) Tﬁe plénning horizon is much longer than the
geﬁeratidﬁféf electricity. Transmission and
generation is designed for a much larger
capaéity £han immediately required.

(3) Some firms are net sellers to other firms while
others are net buyers., Different firms need
varying amounts of investment in the transmission

~and distribution of electricity.

_To have included the trénsmission and diétributional
aspects into the analysis would have obscured his analysis
of efficiency in production. By using a homogeneous
production function, Courville (16) estimated the

elasticities for different vintages of plants. He has

*See Courville (16) 145



confirmed that the Cobb Douglas production model could
not be rejected for the electric utility industry.

The relation tested is given by:

0, - AKi;B Fi“ Li)‘ Su; bej ei
where

Qi = Output/rR. for plant i

Ki = Capital for plant i

F; = Fuel input

L; = Labor input

U; = the capacity utilization of plant i

C; = the capacity of plant i

€i = A random vafiable normally distributed with
mean o and variance 2,

Cross-section data for different plant vintages
were used to estimate the parameters.

The following results were derived.

Vintage ” n ” ~ ~ ~
Group Log A o B A 8 b R2
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1948-1950 }-1:779 |0-1674 | 1-04 -0°006|~-+-2929|-0-0009(0-995

(2.60) |[(2.60) | (16-40)| (0°12)](1-94) ] (2-40)

1951-1955 | -1-5549|0-1254 { 1-035 0-0632{0-0869{-0-0003{0-996

(3.54) |(2-99) (24°7l)‘(l-62) (0-88) | (2°62)

1960-1966 '-1-076410-0772 | 09493 i0'0403 0°2913|/0-00009|/0:993

(1-59) (16°53) (1-03) (2-47) (0-62)

From the above results Courville concluded:

DF

20

30

31
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(1) The output elasticity of labor is close to zero
and is insignificant at 10% significance. This
means that there is practically no substitution
between labor and other inputs for electricity
generation.

(2) The production function is increasing returns
to scale.

For purposes of simulation the present study uses

the output elasticities determined by Courville (16).
Taylor (84) has reviewed the literature on the demand

for electric power. He has argued that the price

elasticity for electric demand is different for short

run than for the long run. He argues that the short

run demand is constrained by the amount of capital stock

that uses electricity, while the long run changes in

the demand are correlated with the variation of capital

stock that consumes electricity. He also contends that

the electric demand is also affected by the block pricing

practices followed in the industry. Different authors

have estimated different price elasticities of demand.

Taylor has summarized their estimates as below:
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RESIDENTIAL Short Run Long Run
Houthakkarl ~0+89
Houthakkar & -0-13 -1.89
Taylor
INDUSTRIAL
Mount, Chapman -0-22 -1-82
& Tyrell
COMMERCIAL
Mount, Chapman -0°17 - -1-36
& Tyrell

The present study simulates a multiperiod model of
firm behavior, therefore long run price elasticity
estimates have been used.

In addition to the price and output elasticities
mentioned above, the following parameters are used in
the simulation of the model.

Cost of Fuel: The cost of fuel is $5.5/unit.

CERTAINTY EQUIVALENTS: The certainty equivalents for

the firm revenue (Ll) and the firm fuel costs (L,) are
affected by the uncertainty in the revenue and the
uncertainty in the costs. The uncertainty in the revenue
and costs stem from the uncertainty in the demand. Con-
sidering that the systematic risk of electric demand is
positive, then the certainty equivalent of the net

revenue for the firm is less than one. Simulation was

1 see Taylor (84).
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conducted by varying L; and L,.

THE DEMAND DISTRIBUTION: It is assumed in Chapter IV

that the demand = 8 (Price) ™. 0 is the multiplicative
stochastic element. E(a) = 1. Although depending upon
the economic factors, the demand for electricity may
vary from a year to ¥ear but the estimates for the
uncertainty are not available. It is assumed that 5t

is independently and identically distributed overtime.
The analysis in Chapter IV holds for any distribution of
6. If the certainty equivalents remain the same, the
exante decision remains the same for any distribution of

e .

INTEREST RATE: Future CEQ{(Excess Returns) are discounted

at the risk free rate of return. The effect of change
in the interest rates on the firm decision is given in

Exhibit XII.

5.3 DISCUSSION OF METHODOLOGY PASSIVE REGULATION

The model of passive regulation is presented in
Chapter IV. Passive Regulation of a utility results from
the regulators not having the current firm information
and, therefore, they determine the present prices based
on 'the previous period technology and investment levels

of the firm. On the other hand the firm knows its current
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environment and also knows the technological improve-
ments that it expects into the future.

The firm would plan an investment level that maximizes
its net present value, while it considers the regulatory
constraint. The net present value of the firm is the
sum of the discounted certainty equivalent of excess
return for present and all future periods.

Assuming that the firm has a T period horizon, then
the problem of the firm in any period t is given in

(4.34) and reproduced below.

v, Ky = KMA;X {cpm (BeXe) + = %If:z)k-éio ;5(5.1)
s/T ¢e+1 (PesKp_j) = 0 (5.2)
1 A | . = ?%5 $K . (5.3)
t+2/(1+1) b T k-t .
then Vi,o is the value of the firm in the beginning of
t + 2, It is the sum of discounted CEQ(future excess
returns). The problem of the firm in any period t can
be written as: .
Virl (Kp) = igix {¢t+l (Pe,Ky) + ‘—llf—:?- } (5.4)
Subject to
"?éﬁpt‘;xt-l) = 0 (5.5)

From the regulatory constraint given in (5.5), the

firm knows P, and proceeds to determine an optimal capital

t.
of optimal excess returns (p+ls Pp42r coceerPpyye

K For every feasible value of K., there exists a stream



These are determined after solving for the regulatory
constraint in each period and determining the optimal
capital levels for each future period.

Hence for every feasible value of Ky in period t,
to determine whether it is optimal, the firm has to
know the decision rules for all future periods. Out
of the feasible region for K, an optimal Ky is determined
that provides the maximum (Vt+l) of the firm.

Vis1l (Kg) is the discounted sum of the optimal CEQ(excess
returns) ¢e41 (Ke),  dpe2 (Kp)reoooo,
¢pe1 (Ky) .

While analyzing a three period example, it was shown
in Chapter IV section and sketched in Figure (4.3) that
¢4 is non-linear function of K,. Moreover, ¢4 is bimodel
with concave and convex regions. It is also proved in
Chapter IV section and shown in Figﬁre (4;4) that ¢3
is a strictly concave function of K,. Hence V3 is a
sum of non-linear functions of K, which are concave and/
or convex over the region.

To maximize Vi ,,, optimal values of ¢ o, ¢t+3'

ceeey ¢p4] have to be determined. Therefore, to solve
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the problem in the present period, first, optimal decision

rules for all future periods have to be determined.
Contingent upon the information set available to the firm

at the end of period T - 1, the firm would determine an



152

optimal decision rule for the period T. Or, for each
feasible value of Kp_ys the firm would determine an
optimal Kpe

Similarly, based on the information set available
to the firm at the end of period T-2, the firm would
determine an optimal decision rule for T-1l, For each
feasible value of Kp_ov the firm would determine an
optimal Kp_j3. The feasible region of Kgp_, satisfies
the following constraint.

¢(Pp_ys Kp_p) =0

In other words, all values of Kq., for which a Pp_q
exists and satisfies the above constraint is a feasible
region for Kp_,. After determining Pp_q the firm
would solve for an optimal Kp_; that provides a maximum
Ve

In this way, starting with the last period, the
firm would determine decision rules for all future
periods and finally solve the problem for the present
period. Hence the technique of Backward Recursive
Dynamic Programming. While solving the problem for the
present period, the firm needs to know the decision rules
for all future periods. For any feasible value of Ky,
there exists a set of optimal values for Kit1r Kipor

and KT'
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5.4 DESCRIPTION OF ALGORITHM FOR SIMULATION OF PASSIVE

REGULATION

An algorithm'for simulation of passive regulation
must incorporate the following aspects of decision
making:

(1) Based on any feasible value of capital for

the previous period, the firm must determine a
decision rule for the present period. The
decision rule for the present period is
determined after the decision rules for all
future periods are known,

(2) Determination of the decision rules must start
first with the last period. Through recursive
decision making, and moving backward, finally
the problem is solved for the present period.
Finding an optimal decision for the present
period also involves finding an optimal future
decision path.

The following considers a T period firm horizon.
First, the decision rule for the last period is determined.
For each feasible value of Kgp_y an optimal Kg is
determined. The feasible region of Kp_; is the set of
values of Kp_; for which a Pp exists and satisfies the
following constraint.

¢(PT' KT—]_) = 0
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To keep the number of decision alternatives within
manageable limits only 100 equispaced values of Kp.j
in its feasible region are considered. Corresponding
to 100 feasible values of K;_;, there are 100 optimal
values of Kp. An optimal Ky maximizes ¢T+1(PT'KT)'
(5.6) represents the optimal decision rule for each
feasible value.

Decision Feasible

Rule Kp_1 Price Optimal Kq MAX ¢

1 Ki,r-1 Pisp Ki,r ¢1,T+1

2 Ko, 11 Pa,T Ka, $2,T+1

3 K3,7-1 P3, 7 K3, $3,T+1 (5.6)
29 Kgg,1r-1 Pgg,r  Kogg,r $99,T+1
100 Ki00,T-1 Pi1oo,T Kigo,T 9100, T+1

An optimal K4,y denotes the optimal value of Kp
when the previous period capital is Kj,T-l-

Having determined the decision rule for the last
period, the firm determines a decision rule for the last
but one period. For each feasible value of Kp_o an
optimal Kq_; is determined that maximizes ¢py +  Orp.
(5.7) represents the decision rule for each feasible

value of Kpoo,



Vi, o= Optére1/14i
Va, 1= Ort0pi1/14i
V3, = drtdpey 14

Vo= bptdpiys14i

Decision Feasible
Rule value Price Optimal Maximum
of RKe.p Kp-1 Ve
1 K1,m-2 Py,p-1 K o1
2 Ko, r-2 Py, r-1 Ka,7-1 =
3 K3 7-2 P3,7-1 K3,p-1
29 Kgg,T-2 Pgg,7-1 Kgg,r-1
100 ‘K100,7-2 P1o0,T-1 ¥100,7-1

An optimal K.,

capital foxr T - 1, when the feasible value of the
capital for T - 2 is Kj,T-Z'
Having solved (5.6) and (5.7).

of KJ,T-Z; an optimal Kp_1 and K

below.

T - 1, given in (5.7), corresponding to a given Kj,T - 2i
an optimal Ky, m-1 is determined.

rule reference for period T given in (5.6), an optimal

J

KT is determined.

Now, if the firm horizon is three periods long (T=3),
and when 100 feasible values are considéred, the firm has

to solve 100 problems for period 3 and another 100

p-1 denotes the optimal value of

problems for period 2.

'In total 200 possible solutions have to be evaluated.

T

Then,

= ¢ptdpey/i+i

For a given value
are determined as

By using the decision rule reference for period

from the decision
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(5.7)

If instead of backward recursive programming a forward
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decision making is applied, the process would be as

follows:
Feasible Capital Capital

Value Price For T-1 For T (Excess Return)
Kir -2 Py,r-1 Ki1,7-1 Ky, v ¢1,7+ ¢1,7T+1/(1+i)

Ky, o ¢1,7 + ¢2,741/(1+1)

K3,z ¢1,7,* ¢3+T+l/(1+i)

Kog, 7 91,p * %99,r41/ (1+1)
K100,7 91,7 * 9100, 41/ (1+1)

Ky o1 Ky,p 2,7 + 93,41/ (141)
Ky,p 2,7 + 93, p41/ (i41)

K3,r  ¢,p + ¢3,741/(141)

Kgg,r 92,7 * $99,T+1/(1+i)
K1.00,T ¢2,7 t ¢100'T+1/(l+i)

K3, r-1

For a given value of Kj,T - o there are 100 feasible
values of Kp _ ; and for each feasible value of Kq _ 1
there are 100 feasible values of Kyp. Hence for each
given value of Kj' T - 2 there are 100 x 100 feasible
alternatives. Hence, the firm'must solve for 1002 alter-
naéives and determine the one that provides the highest

firm value.



For a three period problem, a foreward decision
making would involve evaluating 1002 alternatives. On
the other hand, the same problem could be solved by
Backward Recursive Dynamic programming by solving for
200 alternatives only.

By applying the Backward Recursive Dybamic Program-
ming a T period analysis is completed by solving for
100 (T - 1) problems. While the same problem would
involve 100(T -1 alternatives, if handled through
forward decision making.

The simulations have been performed under the follow-
ing conditions:

(1) By varying the starting conditions

(2) By varying the firm demand and production

conditions, and

(3) By varying the firm horizon.

5.5 STEADY STATE CONDITIONS

The. period in which the firm decision rule is un-
affected by the firm starting conditions, the system is
considered to have achieved the steady state conditions.
Exhibit III shows the firm decision for different start-
ing conditions. The effect of any starting conditions
digappears from period five and onwards.

The period in which the steady state conditions are
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achieved is affected by the demand and production
conditions of the firm. By comparing exhibits III and
IV, it is evident that two different firms, while work-
ing under different demand and production conditions,
would achieve steady state conditions in different

. A}
periods. :

5.6 EXISTENCE OF THE OPTIMAL DECISION RULE

The problem of the firm in period t is given by

(5.4) and (5.5) and reproduced below:

vMaximize
Pre1 (P KDY + Viyo }

K¢ 1+i (5.
S/T ¢(Pe,Keq) = 0
Where
1-n -B/a  -n/a

Where for any combination of demand and output
elasticities (for a given Ky_j and A, _7) a P, does not
exist that satisfies the regulatory constraint (5.5),
the firm cannot be provided a fair rate of return. 1In
such a case regulatory prices cannot be determined, and
the firm cannot be ensured a fair rate of return. This
can result when:

1. Due to technological regression, the certainty

equivalent of total cost is higher than the

certainty equivalent of total revenue at all
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levels of output.

2. Because of a change in the demand elasticity
the CEQ (total revenue) is lower than the
CEQ (total cost).

3. A change in the rates, the interest rates, and
the output elasticities makes the CEQ (total
cost) higher than CEQ (total revenue).

Fig. (4.1) gives the regulatory constraint and
shows that very high or very low values of
capital make the total cost higher than the
CEQ (Revenue).

57 DISCUSSION OF RESULTS

EFFECTS OQF MARKET STRUCTURE

Exhibit I compares the firm decisions whaxn the
market structure is a monopoly, actively regulated
monopoly and a passively regulated monopoly. The tech-
nology improves at the rate of 1.125% per period. The
simulation results are given for a 9-year period. The
results confirm the conclusions derived in Chapter IV.
A monopoly charges the highest price. It restricts
investment. The net present value of the firm is the
highest. The monopolist makes efficient factor input
decisions in each period.

'As the technology improves, the monopolist finds it

beneficial to decrease the product price and increase
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the capital investment. Improvement of the technology
also increases the CEQ(Excess return) earned by the
firm.

An actively regulated firm charges the lowest price.
The exante investment of the firm is the highest in
each period. The net present value of the firm is zero
in each period. The product prices reduce overtime.

The rate of reduction in prices is the same as that for
an unregulated monopoly.

The prices charged by a passively regulated firm
are higher than those charged by an actively regulated
firm. Under passive regulation the regulatory price
is based on the technology of the previous period; which
is less efficient. This implies higher prices. The
net present value of the firm is lower than if it were
a monopoly. The investment made by the firm is less
than the efficient levels. Under conditions of tech-
nological progress a passively regulated firm would
under-capitalize.

FIRM HORIZON:

Exhibit II gives the results of passive regulation
whéh the firm horizon is 3 - 9 periods long. The increase
in the firm horizon increases the net present value of
the firm. A longer firm horizon provides increased

flexibility to the firm to increase the CEQ(Excess Return)
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in future periods. A passively regulated firm earns

more than fair returns. As the firm horizon is increased,
the inefficiency of production also increases. For
technological progress a longer firm horizon results in
increased undercapitalization by the firm. When the firm
starting conditions are perfectly competitive, the firm
investment levels decrease in the beginning periods

and then increase. Fig. (5.1) gives the firm capital
level at different points in time. It is shown that
capital levels reach the lowest point when the firm
horizon is longest. The efficient level of capital that
the firm should have planned increases steadily over

the firm horizon.

STARTING CONDITIONS

When the starting period capital is higher or lower
than the perfectly competitive levels, the results of
passive regulation are presented in Exhibit III. Exhibit
I presents the results for the perfectly competitive
starting conditions.

When the rate of technological progress is 1l.25%,
the effect of starting conditions disappears before the
fifth period. 1In this case all starting conditions provide
the same firm decision for periods 5 and beyond. Most
of the adjustment for the starting condition takes place
in the second period. For the third and the fourth

periods, the adjustment for the starting conditions is



small.

When the rate of technological progress is 2.5%,
the firm decision for different starting conditions is
identical for the 7th period and beyond. This implies
that the greater is the rate of technological progress,
the longer the time it takes for the firm to come over
the effect of starting conditions.

Irrespective of the firm starting conditions, for
technological progress, the firm undercapitalizes for
all periods. For rates of technological progress of
1.25% and 2.5%, Exhibit IITI shows that the firm under-
capitalizes in all periods except for the last period.

Exhibit IV presents the results when the demand

elasticity is ~1.94. Results are presented for a high

and a very low starting capital. 1In this case, even when

the starting conditions are different, the firm makes

the same decision for periods four and beyond. Jhe
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effects of starting conditions disappears before the fourth

period.

TECHNOLOGICAL PROGRESS

Exhibit Vv shows that, when the rate of technological

progress is 1.25%, the firm undercapitalizes in all periods

except the last one. Undercapitalization is also con-

firmed when the rate of technological progress is 2.5%.

When the rate of technological progress is increased, the
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degree of undercapitalization also increases, and the
regulatory price falls faster. Increase in the rate of
technological progress also increases the net present
value of the firm.

For a three period horizon, the rates of technological
progress were increased from 3.125% to 39.125%, and the
results are shown in Exhibit VI. It is shown that the
higher the rate of technological progress, the lower the
price for the third period, and the higher the net present
value of the firm. The firm makes efficient factor input
decisions in the last period. In all situations the firm
plans undercapitalization.

The following discusses the effect of changes in the
demand or production conditions of the firm, while the
technology progresses.

DEMAND ELASTICITY

Mount, Chapman and Tyrrell* have estimated the long
run demand elasticity as -1.82. With ~1.,82 as the demand
elasticity, Exhibit III provides the price and capital of
a passively regulated firm. A starting capital of 0.75
is assumed. Anderson* has estimated the long run demand
elasticity as -1.94. For a starting capital of 0.75,
the decisions of a passively regulated firm are given

below.

See Taylor (84)
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TABLE 5.1

STARTING CAPITAL = 0.75 P PRICE

DEMAND ELASTICITY 1.94 OK = OPTIMAL CAPITAL

OKP = EFFICIENT CAPITAL

V = VALUE
PERIOD P OK OKP OK/OKP v
2 4.61 0.360 0.509 0.707 0.018
3 4.52 0.375 0.520 0.721 0.016
4 4.44 0.385 0.529 0.728 0.015
5 4,37 0.395 0.537 0.735 0.013
6 4.30 0.405 0.546 0.741 0.011
7 4,23 0.425 0.554 0.767 0.008
8. 4.16 0.465 0.564 0.824 0.006
9 4.08 0.575 0.576 1.000 0.003

The above results show that a decrease in the demand
elasticity increases the product prices. The optimal
capital investment is decreased. A change in the demand

elasticity does not change the undercapitalization.

OUTPUT ELASTICITY:

Exhibit VII compares the price and capital investment
of a passively regulated firm when the output elasticity
of capital is varied. The exhibit shows that an increase
in the output elasticity of capital increases the
regulatory price and the level of capital input by the

firm.

* See Taylor (84)
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The following provides an explanation of the above:

An increase in the output elasticity of capital
increases the optimal capital-labor ratio for the firm.
In this case, it also increases the total cost of the
output. The increase in the total cost of output requires
a higher regulatory price.

Exhibit VIII compares the passive regulation when
output elasticity of fuel is changed. The exhibit shows
that an increase in the output elasticity of capital
increases the regulatory price and lowers the optimal
level of capital. The results for increases in the
output elasticity of fuel are opposite to the increases
in the output elasticity of capital.

The increase in the output elasticity of fuel reduce
the optimal capital - expected labor ratio. Hence, the
optimal capital planned by the firm would decrease. In
this case, it lowers the total cost of output and, would

result in lower regulatory price.

MARKET RISK OF REVENUE

An increase in the market risk of the revenue
decreases the certainty equivalent of a dollar of
revenue. Therefore, an increase in the risk decreases
the certainty of equivalent of total revenue. When

the cost function remains the same and the CEQ(revenue)
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shifts downward, a fair rate of return is provided to

the firm at higher prices. Hence, an increase in the
revenue uncertainty would increase the regulatory

prices. This is shown in Exhibit VI. Higher prices

would mean lower expected supply, therefore reduced capital

investments.

MARKET RISK OF FUEL COST

Exhibit X represents the results of passive
regulation when the market risk of total fuel cost is
changed. For the same expected fuel costs, a decrease
in the uncertainty of fuel usage, would increase the
certainty equivalent of the fuel cost. This shifts the
total cost curve upward. Increased CEQ(total cost)
would require increased regulatory price. Hence, the
decreased market risk of fuel increases the regulatory
price and reduces the expected output. Reduced expected
output required a lower capital input level. Increase in
market risk of fuel cost decreases the capital input

levels.

FUEL RATES

Exhibit XI gives the results of a passively regu-
lated firm when the fuel costs change from $5.5 to
$6.5/ton. Increase in fuel rates increases the CEQ(cost)

per unit of output. Demand conditions remaining constant,
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the regulators would have to provide a higher regulatory
price. Increased prices imply lower expected demand
and expected supply. This results in lower level of

capital investment by the firm.

RISK-LESS RATE OF RETURN

Exhibit XII gives the results of a passively
regulated firm when the interest rates are changed. A
reduction in the interest rates lowers the regulatory

price and increases the capital investment by the firm.

CONCLUSION

This chapter has presented the results of the
simulation of the models of firm behavior by using the
parameter's from the electric utility industry. The
simulation tests confirm the analytically derived results
of the previous chapters. In addition to above, the
effect of firm horizon, firm starting conditions, and out-
put and demand elasticities on the regulated firm decisions
was determined. Increased firm horizon, provides greater
flexibility to the firm to increase its net present value
and also increases the inefficiency in the production
decisions. The effect of starting conditions on the firm
decisions disappears in the beginning few periods, and
thereafter, the firm makes the same decisions for all

starting conditions.



CHAPTER VI

SUMMARY, CONCLUSION AND COMMENTS

The results developed in the last three chapters are
summarized below.

The single-period and multiperiod models of firm pro-
duction behavior have been developed. The single period
formulation considers the expected demand as function of
price and quality. Price remaining constant, the expected
demand should be an increasing function of quality. Con-
sumers would be willing to pay a higher price for better
quality product. For purposes of analytical tractability
the multiperiod formulation considers the expected demand
'as a function of price only. Different conditions of market
structure; e.g., a monopoly, an actively regulated monopoly
and a passively regulated monopoly; have been considered.

Maximization of expected utility cannot be pursued as a
valid firm objective as very often it is not clear whose ex-—
pected utility should be considered. The management of the
firm should make production decisions that maximize its net
present value.

The returns to the stockholders must be consistent with
riéks in the revenue and costs of the firm. This must also
be in line with the returns available for comparable risks

elsewhere in the economy.
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The net present value of the firm must be determined in
context of the capital market equilibrium. The capital as-
set pricing model1 provides a mean to determine an equilibri-
um present value of an uncertain net cash returns.

An unregulated monopolist would charge a higher price
and restrict expected supply than the perfectly competitive
industry. If the valuation of marginal quality increases
with quality, the monopolist would supply a higher quality
level than the perfectly competitive industry. The opposite
would be true if the marginal valuation of quality decreases
with quality. At the optimal point the expected marginal
revenue is equal to the expected marginal cost and the margin-—
al revenue product of quality is equal to the marginal costs
due to quality.

The shareholders of a regulated firm must be provided a
fair rate of return. The production decisions of a regulated
firm are affected by the behavior of the regulators. The reg-
ulators may actively or passively seek to regulate the activ-
ity of the firm. It is proposed in the literature2 that a
firm may be regulated by imposition of a fair rate of return
constraint. This is impractical because a firm may not abide
by such a regulatory constraint. This study proposes regula-

tion through price and quality controls. To eliminate the

lsee Sharpe (67).

2See Averch & Johnson (2).
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monopoly excess returns, regulators must impose both the
price and quality controls. Only price regulation would not
eliminate the monopoly excess returns. By adjusting the
product quality levels and thus restricting the expected de-
mand, the regulated firm can increase its net present value
and earn more than fair returns. Similarly, when only qual-
ity controls are imposed on the firm, the firm would raise
the product prices, restrict the expected demand, and earn
more than fair returns. When the regulated firm is given
both the price and quality standards, the firm expected sup-
ply would be equal to the expected supply from the perfectly
competitive industry, and the shareholders would earn a fair
rate of return.

When the firm horizon is longer than one period, the
new regulatory price must be determined after considering
the changes in the technology of the firm. If the regula-
tors determine a regqulatory price for the next period, after
considering the technology for the next period, the firm is
regulated actively. The regulators impose a price that pro-
vides a fair rate of return at the efficient investment
levels. On the other hand the firm determines an optimal
investment that maximizes its net present value.

Active regulation is an ideal scheme for the regulation
of 'the firm. It provides the lowest regulatory price and
ensures highest level of expected supply by the firm. The

firm makes efficient factor input decisions in each period.
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The advantages of technical progress are passed onto the
consumers in the firm of reduced prices. Under active regu-
lation, the improvement in the technology does not increase
the net present value of the firm. This implies that the
firm has no incentive to improve its technology.

When the regulators do not have complete knowledge about
the firm environment, passive regulation would result. In
this case, the regulators determine prices for the present
period based on previous period conditions of the firm. Pas-
sive regulation can be represented as a duopolistic game be-
tween the firm and the regulators. The firm acts as the lead-
er while the regqulators are the passive followers. Consider-
ing the technology and the investment levels of the previous
period, the regulators determine a regulatory price. Using
this as the price and the technology for the present period,
the firm determines an optimal investment level for the pres-
ent period. The regulated firm determines an investment
level that maximizes its net present value. The net present
value of the firm is the sum of discounted CEQ(Excess Return)
for present and future periods. The above implies the exis-
tence of the requlatory lag.

Under conditions of regulatory lag, the firm has an in-
centive to improve its technology and earn more than fair
returns. Passive regulation provides a higher regulatory
price than active regulation. It is shown that under tech-

nological progress, conditions would exist where the firm
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would plan lower investment than the efficient levels.
Hence passive regulation results in motivating the firm to
produce inefficiently.

An increase in the rate of technological progress in-
creases the inefficiency in the firm capitalization and
also increases the net present value of the firm. The regu-—
latory price decreases with the improvement in the technol-
ogy of the firm. An increase in the rate of technological
progress increases the rate of decline of product prices.

An increased firm horizon provides an increased flexi-
bility to the firm for improving the future certainty equi-
valent of excess returns. Therefore, the longer the firm
horizon, the greater the net present value of the firm and
the higher the inefficiency in the capitalization. It is
shown that the above results hold for an increasing, de-
creasing, or constant returns to scale production function.

The simulation of the model of passive regulation con-
firms the following: d

The decrease in the demand elasticity increases the
product prices and reduces the capital investment of the
firm. However, it does not change the planned undercapi-
talization by the firm.

' Similarly the change in the output elasticities of fuel
and capital do not change the undercapitalization of the

firm, Decrease in systematic risk of revenue reduces the

regulatory prices and improves the firm expected supply.
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Increase in the systematic risk of the total fuel costs
increases the regulatory prices and, therefore, reduces the
firm expected supply.

The increase in the fuel rates increases the regulatory
prices. Similarly, the increase in the risk free rate in-
creases the cost of financing and, therefore, increases the

regulatory prices.

Views for Further Research

1. This study has analyzed a single period model of a firm
with regard to quality when it is a monopoly and an actively
regulated monopoly.

The demand is considered to be a function of price and
quality, and so is the cost of the product. It was shown
that price regulation is not sufficient to eliminate the
monopoly excess returns.

The multiperiod model of firm behavior does not deter=-
mine the quality of the product. To keep the algebraic
tractability the demand is considered to be affected by
price only.

In an inter-temporal context, the analysis of product
quality could be conducted by assuming the following forms

of production and demand conditions.

BL‘L KB (6.1)

Xq

x = p S (6.2)
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(6.1) gives an homogeneous production function. .x and g are
product output and quality levels respectively. Quantity
and quality are considered to be perfect substitutes in
production and are joint products. (6.2) is a demand func-
tion. Quantity demanded is affected by the product price
and quality. n/s represents the price elasticity of quality
demand. An increased quality would be valued more by the
consumers. For s « n, the consumers valuation of marginal
guality will reduce.

Under the above conditions an inter—temporal model of a
firm can be formulated and the following can be analyzed and
compared:

(1) price controls only,

(2) gquality controls only, and

(3) both price and quality controls.

The above can be compared forx

(1) regulatory lag and

(2) no regulatory lag.

2. The inter-temporal analysis of firm behavior assumes a
disembodied technical change. The same assets when re-
arranged according to a new technology would provide improved
or increased output. The firm does not make investments for
research and development., Although an exogenous source of
technical innovations may be true for some industries (such
as electrical utility industry and air transportation indus-

try), it is not representative of all the industries (e.g.
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telephone and telecommunication industry). Therefore, the
model could be made more general by treating the technologi-
cal change endogenously.

The cost of the technological change must be an increas-
ing function of technological progress. Hicks-Neutral
Technological progress implies increase in the technological
coefficient B, .

The total cost of output =

Cost of labor + cost of financing + cost of research and

development.
_

_ Bt./dwa L, k“tpld P-:\Io\ + 4 Kl: + D(Bti'(""Bt.)W\ %3)
where m 21 and D is the cost coefficient.

Under the above formulation the regulators determine the
regulatory price and consider the cost of research and devel-
opment ih determining the fair price for the product. On the
other hand, the firm would determine the capital investment
levels and the level of the production technology. Under the
above formulation the following can be determined and com-
pared:

(1) The effect of regulatory lag on the tech-

nological innovations in the industry.
(2) The rate of technological innovations for
' a monopoly, actively regulated monopoly,
and a passively regulated monopoly.

3. The multiperiod analysis of firm behavior assumes
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perfection in the secondary real asset markets. At the end
of each period, the firm maintains the optimal level of in-
vestment for the next period by buying or selling the assets.
In real world, the firms have greater flexibility in adding
to the assets, while they may not be able to sell the exist-
ing assets at the book value. To reflect the real world
conditions the following constraint may be added to the prob-

lem of the firm:
ke > (1 -%) ki 4

where ¥ is the rate of depreciation.
The problem of the firm in period t can be represented

as:

Maximize qut-)-l (Pe yKe) + Vt-H( Pe, Ke) ] (6.4)
Such that 95( Pl‘.’,Kt—) , lqt——o) = 0 (6.5)
kl’ — (l-X) Kt-—l )/ (o] (6.6)

(6.4) is the net present value of the firm at the end of
period t. (6.5) is the regulatory constraint for period t,
while (6.6) represents the imperfection of the secondary
real asset markets.

In this case the firm would have less flexibility in re-
ducing the capital levels; therefore, it would be interesting
tolanalyze whether a passively regulated firm would under-
capitalize. Undercapitalization was shown to exist for a
passively regulated firm when the real asset markets are per-

fect.
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4. The present study analyzes the firm behavior when the
technological progress is of Hicks-Neutral type. This im-
plies that the marginal productivity of labor and capital
improve in equal proportion. A logical extension of the
above would be to analyze the factor augmenting technical
change.

Harrod—-Neutral technological progreés is a special case
of factor augmenting technological change. It is labor
augmenting.

Let x = f(ak, bL ) be the production function.

Harrod—-Neutral technological change implies that the
marginal and average productivity of capital remains constant
while the marginal productivity of labor improves. This
means a remains constant, while b increases.

A capital augmenting technology means that the marginal
productivity of labor remains constant while the marginal
productivity of capital improves. In this case, b remains
constant while a increases.

The behavior of a passively regulated firm, with regard
to production efficiency under different conditions of tech-
nological progress, needs to be analyzed.

5. The present study assumes that the demand distribution
is independently and identically distributed overtime, while
thé technology improves.

There may be situations where the technology does not

improve significantly over the period, but significant shifts
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in the demand might take place., Growth in the population
may provide slow but continuous shifts in the demand for the
product. The changes in the expected demand may effect the
investment planning by the firm and also the regulatory
price.
w =N
When the product demand = 6¢P. , demand growth im-
. ey el

plies that E(B,) < E(GH..)’ ---------

In the above situation a model of a passively regulated
firm could be developed on the same lines as done in this

study.
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EXHIBIT I

FIRM BEHAVIOR UNDER DIFFERENT CONDITIONS OF MARKET STRUCTURE

Technology Improves at the Rate of 1.125% Every Period

Monopoly Active Regulation Passive Regulation
Period P OK OKP OK/OKP A" P OK OKP OK/OKP v P OK OKP OK/OKP v

1 19.3 0.0707 0.0707 1.00 0.0521 4,41 0.6422 0.6422 1.00 0.0 4.41 0.6422 0.642° 1.000 0.0179
2 19.0 0.0716 0.0716 1.00 0.0483 4.34 0.6502 0.6502 1.00 0.0 4.02 0.5250 0.653 0.804 0.0196
3 18.8 0.7250 0.7250 1.00 0.0442 4.28 0.6584 0.6584 1.00 0.0 4.27 0.5050 0.655 0.770 0.0189
4 18.6 0.0734 0.0734 1.00 0.0398 4.21 0.6664 (.6664 1.00 0.0 4.23 0.5000 0.661 0.756 0.0174
5 18.4 0.0743 0.0743 1.00 0.0350 ~ 4.15 0.6749 0.674%9 1.00 0.0 4.17 0.5050 0.668 0.755 0.0154
6 18.1 0.0752 0.0752 1.00 0.0282 4,09 0.6834 0.6834 1.00 0.0 4.11 0.5150 0.676 0.761 0.0131
7. 17.9 0.0761 0.0761 1.00 0.0217 4.03 0.6919 0.6219 1.00 0.0 4.05 0.5350 0.685 0.781 0.0105
8 17.7 0.0771 0.0771 1.00 0.0139 3.97 0.7006 0.7006 1.00 0.0 3.98 0.5800 0.695 0.834 0.0075
9 17.5 0.0781 0.0781 1.00 0.0071 3.91 0.7093 0.7093 1.00 0.0 3.91 0.70500 0.705 1.000 0.0039

P = Price

OK = Optimal Capital Planned by the Firm

OKP = Efficient Capital at Price P

A = Value
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EXHIBIT 1T

PASSIVE REGULATION:

THE EFFECT OF HORIZON

Rate of Technical Progress = 1.25%
Horizon Length
Horizon Length
Period P 0K OKP OK/OKP v P OK OKP OK/OKP \'
2 4.325 0.570 0.653 0.872 0.005 4,324 0.550 0.653 0.842 0.008
3 4.273 0.660 0.659 1.00 0.003 4,278 0.560 0.658 0.851 0.006
4.213 0.665 0.666 1.00 0.003
Horizon Length
2 5.325 0.535 0.653 0.819 0.010 4,325 0.530 0.653 0.811 0.013
3 4.283 0.525 0.656 0.800 0.009 4,286 0.515 0.656 0.785 0.011
4 4,225 0.555 0.663 0.837 0.006 4.230 0.525 0.662 0.793 0.009
5 4.154 0.675 0.673 1.000 0.003 4.165 0.560 0.671 0.834 0.007
4,093 0.68 0.681 1.00 0.003

P = Price
OK
OKP

<
Il

Value

Efficient Capital at Price P

Capital Levels Planned by the Firm
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EXHIBIT II (Continued)

Rate of Technical Progress = 1.25%

Horizon Length

Horizon Length 7 8
Period P OK OKP OK/QKP v P OK OKP OK/OKP v

2 4,325 0.53 0.653 0.811 0.015 4,325 0.525 0.653 0.803 0.017
3 4,285 0.51 0.656 0.777 0.014 4,286 0.505 0.656 0.770‘ 0.016
4 4.232 0.51 0.662 0.770 0.012 4.234 0.505 0.661 0.764 0.015
5 4.171 0.525 0.669 0.784 0.010 4,174 0.510 0.669 0.762 0.012
6 4.106 0.565 0.678 0.833 0.007 4,112 0.530 0.677 0.782 0.010
7 4.033 0.69 0.690 1.00 0.003 4.045 0.570- 0.687 0.829 0.007

3.974 0.700 0.698 1.00 0.004

Horizon Length 9
2 4,325 0.525 0.653 0.803 0.019
3 4,286 0.505 0.655 0.770 0.018 B
4 4,233 0.500 0.661 0.756 0.017
5 4.176 0.505 0.668 0.756 0.015
6 4.114 0.515 0.676 0.762 0.013
7 4.051 0.535 0.685 0.781 0.010
8 3.986 0.580 0.695 0.835 0.007 -
9 3.914 0.705 0.705 1.00 0.003
P = Price
OK = Capital Levels Planned by the Firm
OKP = Efficient Capital at Price P

Value

<
i
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EXHIBIT III

EFFECTS OF STARTING CONDITIONS

Starting Capital Levels Lower than Perfectly Competitive

Rate of Technical Progress = 1.25% Rate of Technical Progress = 2.5%
Period P OK OKP OK/OKP v P OK OKP OK/OKP v
2 4.359 0.490 0.646 0.758 0.0211 4.359 0.435 0.639 0.680 0.0429
3 4.301 0.490 0.652 0.751 0.0196 4.274 0.420 0.645 0.651 0.0412
4 4.241 0.495 0.659 0.751 0.0177 4,168 0.420 0.656 0.640 0.0381
5 4,178 0.505 0.667 0.757 0.0156 4.054 0.425 0.671 0.633 0.0340
6 4.114 0.515 0.676 0.762 0.0131 ¢ 3.939 0.445 0.686 0.649 0.0294
7 4.051 0.535 0.685 0.781 0.0105 3.817 0.480 0.705 0.680 0.0237
8 3.986 0.580 0.695 0.835 0.0075 3.690 0.550 0.727 0.756 0.0169
9 3.914 0.705 0.707 1.000 0.0039 3.554 0.755 0.753 1.000 0.0089
Starting Capital = 0.50
Perfectly Competitive Capital = 0.67
Starting Capital Levels Higher than Perfectly Competitive
Rate of Technical Progress = 1.25% Rate of Technical Progress = 2.5%
Period P OK OKP OK/OKP v P OK OKP OK/QKP v
2 4.334 0.515 0.651 0.791 0.020 4.334 0.455 0.645 0.705 0.0417
3 4.290 0.500 0.655 0.763 0.019 4,261 0.430 0.648 0.663 0.0406
4 4.236 0.500 0.660 0.757 0.0175 4.160 0.425 0.658 0.646 0.0377
5 4.176 0.505 0.668 0.756 0.0154 4,050 0.435 0.672 0.647 0.0338
6 4.114 0.515 0.676 0.762 0.0131 3.931 0.450 0.688 0.654 0.0290
7 4.051 0.535 0.685 0.781 0.0105 3.813 0.4890 0.706 0.680 0.0235
8 3.986 0.580 0.695 0.834 0.0075 3.690 0.550 0.727 0.756 0.0169
9 3.914 0.705 0.707 1.000 0.0039 3.554 0.755 0.753 1.000 0.0089

Starting Capital = 0.75
Perfectly Competitive Capital = 0.67
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EXHIBIT IV

EFFECT OF STARTING CONDITIONS

Starting Capital = 0.37
Lower than Competitive

Starting Capital = 0.705

Higher than Competitive

Period P OK OKP OK/OKP A% P OK OKP OK/OKP v

2 4.58 0.375 0.514 0.729 0.0179 4.58 0.380 0.515 0.737 0.0178
3 4.51  0.380 0.522 0.728 0.0164 4.51 0.385 0.523 0.736 0.0163
4 4.44 0.390 0.529 0.737 0.0148 4.44 0.390 0.530 0.735 0.0147
5 4.37 0.400 0.538 0.734 0.0129 4.37 0.400 0.538 0.734 0.0129
6 4.30 0.410 0.546 0.751 0.0109 4.30 0.410 0.546 0.751 0.0109
7 4.23 0.430 0.555 0.777 0.0088 4.23 0.430 0.555 0.777 0.0088
8 4.16 0.465 0.565 0.823 0.0062 4.16 0.465 0.565 0.823 0.0062
9 4.08 0.575 0.576 1.000 0.0033 4.08 0.575 0.576 1.000 0.0033

Demand Elasticity = -1.94

P = Price

OK = Optimal Capital

OKP = Efficient Capital

v = Value
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EXHIBIT V
EFFECTS OF CHANGE IN RATE OF TECHNICAL PROGRESS
(Competitive Starting Conditions)

Horizon = 9 Periods

: Rate of Technical Progress = 1,25% Rate of Technical Progress = 2.5%
Period P OK OKP OK/OKP \' P OK OKP OK/0OKP v

2 4.325 0.525 0.653 0.804 0.0196 4.325 0.460 0.647 0.710 0.041
3 4,286 0.505 0.655 0.770 0.0189 4,258 0.430 0.649 0.662 0.040
4 4,133 0.500 0.661 0.756 0.0174 4.160 0.425 0.658 0.645 0.037
5 4.176 0.505 0.668 0.755 0.0154 4.050 0.435 0.672 0.604 0.033
6 4,114 0.515 0.676 0.761 0.0131 3.931 0.450 0.688 0.654 0.029
7 4,051 0.535 0.685 0.781 0.0105 3.813 0.480 0.706 0.680 0.023
8 3.986 0.580 0.695 0.834 0.0075 3.690 0.550 0.727 0.756 0.016
9 3.914 0.705 0.705 1.00 0.0039 3.554 0.755 0.755 1.00 0.008

P = Price

OK = Optimal Capital

OKP = Efficient Capital

v = Value
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EXHIBIT VI

THREE PERIOD HORIZON,EFFECT OF CHANGE IN RATE OF TECHNICAL PROGRESS

Period P OK OKP OK/OKP v P OK OKP OK/OKP v
Rate of Technical Progress = 3.125% Rate of Technical Progress = 7.125%
2 4.339 0.505 0.640 0.789 0.014 4.339 0.450 0.620 0.725 0.032
4.199 0.655 0.655 1.000 0.008 4.051 0.650 0.649 1.000 0.019
Rate of Technical Progress = 11.125% Rate of Technical Progress = 15.125%
4,339 0.415 0.601 0.690 0.049 4.339 0.395 0.584 0.676 0.065
3.912 0.645 0.644 1.000 0.029 3.778 0.640 0.640 1.000 0.039
Rate of Technical Progress = 19.125% Rate of Technical Progress = 23.125%
4.339 0.375 0.568 0.660 0.081 4.339 0.365 0.545 0.667
3 3.656 0.635 0.635 1.000 0.049 3.535 0.635 0.633 1.000
Rate of Technical Progress = 27.125% Rate of TEchnical Progress = 31.125%
4,339 0.355 0.538 0.660 0.111 4.339 0.350 0.524 0.668 0.126
3.423 0.630 0.630 1.000 0.069 3.31 0.630 0.628 1.000 0.078
Rate of Technical Progress = 35.125% Rate of Technical Progress = 39.125%
2 4.339 0.345 0.511 0.675 0.140 4.339 0.345 0.499 0.691 0.154
3 3.212 0.625 0.627 1.000 0.088 3.112 0.625 0.626 1.000 0.097
Starting Capital = 0.795
Demand Elasticity = ~1.82
P = Price
OK = Optimal Capital
OKP = Efficient Capital
A = Value
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EXHIBIT VITI

PASSIVE REGULATION

EFFECT OF CHANGE IN OUTPUT ELASTICITY OF CAPITAL

3 = 0.1674 /3 = 0.1506
Period P OK OKP  OK/OKP v P OK OKP  OK/OKP  V
2 4.325 0.525 0.653 0.804 0.0196  4.290 0.415 0.593 0.699 0.042
3 4.286 0.505 0.655 0.770 0.0189  4.219 0.390 0.596 0.654  0.040
4 4.233  0.500 0.661 0.756 0.0174  4.120 0.385 0.606 0.635 0.038
5 4.176  0.505 0.668 0.755 0.0154  4.012 0.390 0.618 0.631 0.034
6 4.114 0.515 0.676 0.761 0.0131  3.899  0.405 0.632 0.640  0.029
7 4.051 0.535 0.685 0.781 0.0105  3.783 0.435 0.648 0.671  0.023
8 3,986 0.580 0.695 0.834 0.0075  3.661 0.500 0.668 0.748  0.017
9 3.914 0.705 0.705 1.000 0.0039  3.531 0.690 0.691 1.000 0.008

Starting Capital = 0.64

4
OK
OKP

v
3

Price

Value

Optimal Capital
Efficient Capital

Output Elasticity of Capital
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EFFECT OF CHANGE IN OUTPUT ELASTICITY OF FUEL

EXHIBIT VIII

PASSIVE REGULATION

X=1.04 = 1.00
Period P OK OKP OK/OKP \Y P OK OKP OK/OKP \Y
2 4.325 0.525 C.653 0.804 0.0196 3.773 0.530 0.747 0.709 0.048
3 4,286 0.505 0.655 0.770 0.0189 3.711 0.495 0.750 0.660 0.046
4 4,233 0.500 0.661 0.756 0.0174 3.630 0.490 0.760 0.644 0.043
5 4.176 0.505 0.668 0.755 0.0154 3.536 0.495 0.775 0.638 0.038
6 4.114 0.515 0.676 0.761 0.0131 3.440 0.510 0.792 0.643 0.033
7 4,051 0.535 0.685 0.781 0.0105 3.341 0.545 0.812 0.671 0.027
8 3.986 0.580 0.695 0.334 0.0075 3.237 0.615 0.835 0.736 0.019
9 3.914 0.705 0.705 1.000 0.0039 3.124 0.865 0.864 1.000 0.010
Starting Capital 0.64

P
OK
OKP

<

Price

Value
Output Elasticity of Fuel

Optimal Capital
Efficient Capital
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EFFECT OF CHANGE IN MARKET RISK OF

EXHIBIT IX

PASSIVE REGULATION

REVENUE

Ly = 0.95 L, = 0.90
Period P OK OKP OK/OKP v P OK OKP OK/OKP v
2 4.325 0.525 0.653 0.804 0.019 4.69 0.405 0.572 0.708 0.037
3 4.286 0.505 0.655 0.770 0.018 4.60 0.380 0.576 0.659 0.036
4 4.133 0.500 0.661 0.756 0.017 4.50 0.375 0.584 0.642 0.033
5 4.176 0.505 0.668 0.755 0.015 4,38 0.380 0.596 0.637 0.030
6 4.114 0.515 0.676 0.761 0.013 4.25 0.395 0.610 0.647 0.026
7 4,051 0.535 0.685 0.781 0.010 4,12 0.425 0.626 0.679 0.021
8 3.986 0.580 0.695 0.834 0.007 3.99 0.490 0.645 0.759 0.015
9 3.914 0.705 0.705 1.000 0.003 3.84 0.670 0.669 1.000 0.007
Starting Period Capital = 0.64

P
OK
OKP
v
Ly

Price

= Efficient Capital at Price P

Value

Capital Levels Planned by the Firm

Certainty Equivalent of a Dollar of Expected Revenue
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CHANGE IN THE UNCERTAINTY FOR LABOR REQUIREMENT

EXHIBIT X

La= 0.90 L2= 0.95
Period P OK OKP OK/OKP \' P OK OKP OK/OKP A
2 4.325 0.525 0.653 0.804 0.0196 4.631 0.435 0.611 0.711 0.039
3 4.286 0.505 0.655 0.770 0.0189 4.557 0.405 0.614 0.659 0.038
4 4,133 0.500 0.661 0.756 0.0174 4.453 0.400 0.622 0.643 0.035
5 4.176 0.505 0.668 0.755 0.0154 4.335 0.405 0.635 0.637 0.032
6 4.114 0.515 0.676 0.761 0.0131 4,212 0.420 0.650 0.646 0.027
7 4.051 0.535 0.685 0.781 0.0105 4.085 0.455 0.667 0.682 0.022
8 3.986 0.580 0.695 0.834 0.0075 3.948 0.520 0.688 0.755 0.016
9 3.914 0.705 0.705 1.000 0.0039 3.804 0.715 0.713 1.000 0.008

Starting Capital = 0.64

P

OK
OKP

v
L

2

= Price

Value

I

Efficient Capital at Price P

Capital Levels Planned by the Firm

Certainty Equivalent of a Dollar of Fuel Costs
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EXHIBIT XTI
PASSIVE REGULATION

EFFECT OF CHANGE IN THE FUEL COSTS

N = §5.5/Ton W = $6.5/Ton
Period P OK OKP OK/OKP v P OK OKP OK/QKP v

4,325 0.525 0.653 0.804 0.0196 5.348 0.380 0.542 0.701 0.035
4.286 0.505 0.655 0.770 0.0189 5.256 0.360 0.545 0.660 0.034
4.133 0.500 0.661 0.756 0.0174 5.132 0.355 0.554 0.640 0.031
4.176 0.505 0.668 0.755 0.0154 4.996 0.360 0.565 0.637 0.028
4.114 0.515 0.676 0.761 0.0131 4.854 0.375 0.578 0.648 0.024
4.051 0.535 0.685 0.781 0.0105 4.705 0.405 0.594 0.681 0.019
3.986 0.580 0.695 0.834 0.0075 4.549 0.465 0.612 0.759 0.014
3.914 0.705 0.705 1.000 0.0039 4.381 0.635 0.635 1.000 0.007

W 0 J o W N

Starting Capital = 0.64

P = Price
OK = Optimal Capital
OKP = Efficient Capital '

v = Value



191

EXHIBIT XII

EFFECT OF CHANGE IN THE INTEREST RATES

Interest Rate = 6% Interest Rate = 5%
Period P OK OKP OK/OKP A% P OK OKP OK/OKP v

2 4,325 0.525 0.653 0.804 0.0196 4.194 0.530 0.793 0.668 0.045
3 4,286 0.505 0.655 06.770 0.0189 4.125 0.500 0.796 0.628 0.044
4 4,133 0.500 0.661 0.756 0.0174 4.030 0.495 0.808 0.612 0.040
5 4,176 0.505 0.668 0.755 0.0154 3.923 0.500 0.825 0.608 0.036
6 4.114 0.515 0.676 0.761 0.0131 3.813 0.520 0.843 0.616 0.031
7 4,051 0.535 0.685 0.781 0.0105 3.696 0.555 0.866 0.640 0.025
8. 3.986 0.580 0.695 0.834 0.0075 3.576 0.625 0.892 0.700 0.018
9 3.914 0.705 0.705 1.000 0.0039 3.446 0.924 0.924 1.000 0.009

P = Price

OK = Optimal Capital Planned by the Firm

OKP = Efficient Capital at Price P

v = Value
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