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Abstract -

This paper addresses the problem of how a regulator, a priori uninformed
about a monopolistic firm's variable cost, should set an output price for the
firm. The regulator's objective is to maximize a weighted average of consumers
and producer surplus. It is shown that the informational asymmetry between
the regulator and the firm can be effectively resolved by making price a
function of the firm's capital investment. The properties of this price
schedule and its implications for the firm's investment decision are explicitly
characterized. Some of the intuitive and potentially testable results derived
are thaf if the firm has a higher variable cost, it invests less capital, is

awarded a higher price, produces a smaller output and enjoys a lower profit,
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OPTIMAL REGULATORY PRICING UNDER
ASYMMETRIC COST . INFORMATION

1. Introduction

The optimal regulation of natural monopolies involves setting an output
price for the regulated firm such that, given factor input prices (operating
costs), the firm's production technology and market demand conditioms, the
firm's privately optimal level of resource use allows it to earn a rate of
return consistent with the maximization of a social welfare function.1 This
price setting process is usually complicated by the fact that the régulated
firm has better information about its own operating costs than the regulator
does. To overcome its informational disadvantage, the regulator could try
to estimate these costs from actual and reported costs over some '"test
period."2 Unfortunately, historical costs may be poor indicators of actual
costs, and reported costs may be exaggerated by the firm to secure higher
prices.3

Thus, it is useful to develop pricing rules under asymmetric information
that are ex ante efficient in the sense that they motivate regulated firms to
charge economically efficient prices. Our objective in this paper is to
develop such a pricing rqle in a setting in which the firm knows its own
variable cost of production but the regulator does not.

Our research is part of a growing literature on regulatory pricing under
asymmetric information.4 - . Baumol, Bailey and Willig (1977) and
Panzar and Willig (1977) have argued that by permitting the entry of rival
firms, regulators may induce firmé to implement welfare maximizing prices
.without knowing their costs, because doing so would constitute a limit
pricing strategy for the firms. While this is an interesting hypothesis, its

empirical significance remains largely untested. 1In like vein, Loeb and



Magat (1979) propose giving the firm title to the entire social surplus and
allowing it to choose a price (vector) to maximize this surplus: -The right
to the monopoly franchise can then be auctioned among competing firms to
transfer surplus from producers to consumers. But an auction will be
ineffective if only one firm can supply the service efficiently.

in contrast, Baron and Myerson (1982) present a framework in which the
regulator designs a revelation game that coaxes the firm to report its private
information truthfully. Contingent upon the report, the regulator determines:
(i) whether to grant the firm a license to operate, as well as (ii) the output
price, and (iii) the size of the subsidy to give the firm. There are two
difficulties with this approach. First, regulators in many regulated
industries dO‘EEE have the power to grant subsidies. Second, the optimal
regulatory policy could involve closing down even a firm that reports
truthfully and whose continued operation, from an ex post perspective, could
have benefitted the firm as well as consumers. Service disruption through
involuntary closure appears to be a somewhat dire consequence with which to
"punish'" a firm.

Although similar in spirit, our approach differs substantially from
these papers. In our framework the firm signals its a priori unknown
variable cost to the regulator through its choice of capital investment.

[See Spence (1974) for a development of the signalling model.] Specifically,
the regulator designs a price.schedule in which the output price is a function
of the firm's (observable)_capital investment. And the price schedule has
‘the following "+ feature: when the firm responds to the price schedule
and selects a profit maximizing leﬁel of investment, it earns an allowed rate

of return no less than its cost of capital and the resulting allocation is



such that a weighted average of producer and consumer surplus is maximized.

We find a number of striking results.5 For example, we show that the presence
of asymmetric information will allow the firm to earn a rate of return
exceeding its cost of capital, but the level of excess profits enjoyed by the
firm will decline as its cost efficiency falls (its variable cost per unit
increéses). Moreover, the optimal regulatory price is shown to be a
decreasing function of the firm's capital investmeng.

Our approach is sufficiently robust to deal with most economically
meaningful production and demand functions, and as far as possible the'
anélysis is carried out with general functions. To obtain sharper insights,
however, we make specific assumptions about functional forms in certain parts
of the analysis. The assumptions are that the production function is Cobb-

Douglas and the market demand function for the firm's output is homogeneous
(of some arbitrary degree) in price.

What follows is orgénized in four remaining sections. Section 2 contains
the development of the full information case. In Section 3 we discuss and
obtain results with the general model under asymmetric information.

Functional form restrictions are imposed on the production and demand
functions in Section 4 to characterize the optimal pricing policy further.

Section 5 concludes.

2, Regulatory Pricing Under Full Information

; To provide a perspective for the more complicated but interesting problem
of regulatory pricing under asymmetric information, we first analyze the problem

under the assumption that the firm and the regulator are symmetrically

informed about the cost of the firm's variable input.
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Consider a single regulated firm which is a natural monopoly, and ;ssume
a single-period certainty world where all capital is raised through equiﬁy.
Let p denote the regulatory price per unit of service the.firm can charge.
Assume the market demand function, q(p), is twice continuously differentiable,
bounded and monotone decreasing in price. In addition, the firm's production
function, f£(X,L), is twice continuously differentiable, bounded and strictly
quasiconcave in its arguments, where K denotes the firm's dollar investment
in capital and L, the number of units of variable input (labor) hired by the
firm. For simplicity, let L and K be divisible, continuous and positive
variables 1et w, a positive scalar, be the wage rate per unit of the
variable input, labor. Further, assume that the wage rate w is known to the
regulator (we shall relax this assumption in the next section), and the firm's
objective is to maximize the present value of its profits, V, net of invested
capital.

The firm's profit can be written as

T = pq(p) - WL , (1)

and its discounted present value as

V= 1/r )
where the scalar re(l,») denotes the gross riskless rate of interest,
If the product (service) market is in Walrasian equilibrium, demand must
equal production (sﬁpply). So,

q(p) = f(X,L) , (3)
and the implicit function theorem allows us to write the number of units of
labor required in terms of demand and capital investment; némely that,

L = L(q,K) . (4)



Hence, given a regulated price p and an investment level X, the net present
value of the firm, @, is .
QK|p) = V(K|p) - K . (5)

The firm chooses an optimal investment level K to maximize net present
value,.Q. Clearly, the firm will elect to supply service at the regulated
price only if Q@ is nonnegative at the desired level of investment. Thus,
depending upon the rate of return, s, that the regulator wants the firm to
earn, a regulated price p(s) must be determined.6 Assume that the regulator
establishes - the allowed rate of return on invested capital based upon a
maximization of a weighted sum of consumer and producer surplus.

Formally then, the problem can be posed as the firm choosing

K to maximize Q(K|p), (6)
where p satisfies {pq - wL}(K)-1 = s, (7
and se argmax (1-u) fmq(p)dp + u(s-r)K . (8)

sefr,S] ;

In (6) - (8) the argument of p(s) has been dropped and we have defined

q(ﬁ) = a, and L = L(a,i). The scalar ue[0,1] is a weighting factor that

determines how consumer and producer surplus are jointly maximized; S is

some (very large) arbitrary upper bound for allowed rate of return s; and

hats denote (optimal) equilibrium values.7 Observe further that in (8),

(s-r)ﬁ represents producer surplus and {m q(p)dp represents consumer surplus
8 P

ignoring income effects.

Now, from the first order condition corresponding to (6) we have
-iK = r/w, _ (9
where again for notational ease we have dropped the arguments of the

functions being differentiated. But differentiating (3) yields
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-LK = K/fL s ) ‘ - ‘ _(10)
Hence, combining (9) and (10) we see that the marginal rate of factor
substitution equals the factor price ratio. This leads us to our first

observation.

Proposition 1l: Under full information, given any 5, the regulated firm

achieves a technologically efficient use of production inputs.

This result is also obtained in Leland [1974] and Baron and Tagggft
(1980]. The key is that the firm views the output price as beyond its
control. Technological efficiency can thus be achieved at any price, as long
as it is consistent with the continued existence of the firm. 1In setting this
price, of course, the regulator must ensure that the consequent rate of
return earned by the firm meets the regulator's prespecified social welfare

objective. The result is, however, crucially dependent on the assumption of

equal information by both parties. In the next section we will show that
technological efficiency is unattainable under asymmefric information.
Before examining the properties of the optimal pricing policy, it is

convenient to establish the followiné lemma.

~

LEMMA: Given any p, the firm's optimal investment satisfies

. A
Ko = Ilgl 7 Log, (11)

PROOF: See the Appendix.

A point of interest is an analysis of how the optimal pricing policy
changes as the regulator's welfare objective, pariﬁéﬁéfiéédAby U, changes.

Three cases, u=0, u=ds, and u=l, will be examined.



Note that the permissible rate of return on invested capital is a

solution to (8) and satisfie59 -

- -

[-(1-u)q + u(s—r)Kp] P + K =0. (12)
If the regulator wishes to maximize consumer surplus, it will set u=(. 1In

that case (12) simplifies to

An

-qp = 0. (13)

-

Since q is strictly positive everywhere on its domain, it folloys that ;s=0.
That is, the regulatory price is independent of s. The?efore, (7) would
require that s=r. .

If producer surplus is to be maximized, the reéulatﬁr will set u=l. We

can then write (12) as

[(s-r)Kp] P +K=0. (14)
Totally differentiating (7), using the Lemma, and rearranging, we have10
T |
= - . 15
P Klq + P Kps] (15)

Now substituting (9), (11), and (15) in (14), one obtains the optimality

condition

+pgq -Lwg =0 . (16)
q P qp q qp

But (16) is simply the first order condition for an unregulated monopolist

maximizing Q by choosing an optimal price for a fixed level of capital. Thus,

the optimal regulated price which maximizes producer surplus is the profit
maximizing unregulated monopoly price. Since at this price the firm earns
excess profits, it follows that s > r.

With p=k, (12) can be simplified to [-q + (s-r)Kp]ps +K=0. an

" Substituting (15) in (17) gives

p= er(qp)_l . _ (18)



Joining (9) and (11) results in the equation

< = - (19)
Kp (W/r)qup

Finally, substituting (19) in (18) yields

~

= (20)
= wL ’
P q

which is the usual first best pricing condition, namely that the unit output

price equals the marginal cost of producing an additional unit of output.

Thus, we have shown the following result to be true. (This result fails to

hold once we relax the assumption that information about w is symmetritc.)

Proposition 2: 1If the regulatory objective is to maximize consumer surplus,

the firm will be allowed to earn a rate of return equal to its cost of
capital, r. If the objective is to maximize producer surplus, the allowed
rate of return will be set higher than the cost of capital. And, if equal
weight is assigned to consumer and producer surplus, the regulatory price is

set equal to the marginal cost of producing an additional unit of output.

A relationship between the regulatory price and the socially optimal
rate of return on capital the firm is allowed to earn can be obtained by
combining (11) and (14)., From (11) we know that ﬁp<0. Ihus, (14) implies
that £s>0, since ;>r. Similarly, (17) implies that ;é>0. These facts lead

to the next observation.

Proposition 3: Under perfect information, if the regulator maximizes either

an equally weighted sum of producer and consumer surplus, or simply producer
surplus, then the regulatory price is an increasing function of the rate of

return on capital the regulator allows the firm to earn.



Our interest in this finding lies not so much in the fact that it is
(seemingly obviously) true in a world of perfect information, but.in the fact
that it breaks down when information is asymmetric. More will be said aSout
this in the next section.

To further characterize the optimal pricing and investment policies

under full information, we will now utilize the assumptions that the

production function is Cobb-Douglas of the form f(K,L) = LaKB, where

ae(0,1), B8e(0,1), and the demand for the firm's output is a homogeneous
function of price, q(p) = bp_c, where b>0, c>1. With these stipulatidns, the
first order condition corresponding to (6) yields the optimal investment level

a/(a+B)

R = [{wql/® 8)(ar) "1 . | (21)

Note that the partial derivative of ﬁ with respect to w is positive. This
implies the economically sensible result that a higher variable cost of labor
contributes to a higher investment in capital. The direct substitution
effect does not tgll us, howevér, the total impact of the variable labor

cost on the level of investment. Knowledge of the total effect is necessary
if inferences about the relationship between output and variable costs are to
be made.

To investigate this, consider the case where the regulator attaches equal
weights to producer and consumer surplus in the social welfare objective.
Using (20) in conjunction with (21) gives us the following expression for

the optimal investment

K=Bw? (22)

where B = [b"? B(ranz)-l]na (23)
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and  ng = -(c-1) (a+B) [o+e(1-a) - B(c=1)] T _ (24)
a1 = lete(l-0)2)[afote (1-a) 3]t (25)
ns = —a(c-1)[ate(l-a)] t (26)
ns = (o+8) [ote(l-a) ] [afote (1-a) - 8(c-1)}]"F . (27)
Differentiating E with respect to w now indicates that
<0 if clc-11"} > a+p
&R /v = (28)

>0 if c[c-l]-1 < at+B,

Since c[c-l]-1>l, (28) shows that if the production function exhibits
decreasing or constant returns to scale, higher variable costs will always
depress capital investment levels. However, with increasing returns to scale,
the effect wili reverse if the demand for the firm's output is very highly
elastic in price.

Substituting (22) in (20) results in the following expression for the

optimal regulatory price

p =D, . | (29)
where D = [a-l b(l—a)a-l B—Ba-l]a[a+c(l-a)]-{ (30)
ns = {a[ng=B(c-1)] + B(C—l)(a+8)}{ne[ne-s(c-l)]}_1, (31
and ng = o + c{l=) . (32)

~

Differentiating p with respect to w gives us

>0 if c[e-117% > o+B

- 3
dp/dv = (33)

< 0 if c[c:-l]-1 < atB .

Since demand is negatively related to price, and production equals

demand in a Walrasian equilibrium, we have the following remark.
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Proposition 4: Assume the regulator and the firm are symmetrically informed
about the firm's variable cost. Then, for constant and decreasiné returns to
scale in production, the firm's optimal investment in capital and its total
output both decline as its variable cost rises. The regulated price, however,
is an increasing function of the firm's variable cost. With increasing
returns to scale in production, these results hold for price elasticities of
demand below a critical level. But for sufficiently high elasticities, the

signs of all the effects are reversed.

These findings will now serve as a useful benchmark with which to assess
the import of asymmetric information about thé unit variable cost--a task

that is taken up in the next section.

3. Second Best Regulatory Pricing

Suppose the regulator's information about the unit variable cost of

production, w, for any particular firm is inferior to the firm's knowledge of

this cost. 1In such a setting; the regulatory pricing problem becomes more
complex because é“fixed pricé’policy for a firm is no longer optimal. The
problem is particularly severe with only one firm supplying the service. A
fixed price based on inadequate information about the unit variable production
cost may either lead to sbcially suboptimal excess rents for the firm, or may
result in the firm refusing to provide the service because its rate of return
falls short of its cost of capital. Thus, the informational asymmetry must
be-resolved, and to do this the regulator should adopt a pricing policy tﬁat
provides the firm an incentive to reveal its private informationm.

One way to achieve this is to design a regulatory pricing schedule,

p(K]s), that depends on the firm's capital investment and is conditional upon
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a socially optimal "permissible" rate of return, s, for the firm. This
schedule must have the following properties. _

1) It should be incentive compatible. That is, faced with the schedule
the firm has no incentive to 'misrepresent” its true cost, w.ll

2) The schedule should induce ﬁhe firm to choose an optimal level of
investment such that with that investment the firm earns a rate of return at
least as great as its cost of capital.l2

3) The—rate of return earned by the firm is such that a weighted
average of consumer and producer surplus is maximized.
Formally then, the regulator faces the problem of designing a pricing

schedule p(K\s) without any prior knowledge of w, such that when the firm

responds to the schedule by choosing its optimal investment level

i to maximize Q(Kl;) s (34)
the equation
p q-wl} KT = s(X) holds, (35)
where
;(K) € argmax (1-un) /7 q(p)dp + u(s—r)i . (36)
se{r,S] ;

L(q,K) .

Note that p = p(f(};), q = q(p), and L

This formulation has appeal from a descriptive point of view because
regulators do set prices based on the firm's capital stock in an attempt to

satisfy a rate of return constraint. Furthermore, firms recognize this and-

choose their capital stocks accordingly. Observe from (36) that the firm

chooses K to maximize net present value at a given p. What makes the problem

interesting (and challenging) is that p itself is a function of K. The usual

"sophistication" requirements in investigations of incentive compatibility
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such as this dictate that both the regulator and the firm fully take into

account these interrelationships and the response of the other party to it.l3
The first order condition corresponding to (34) is
+ - - -r=20.
PAPg * APy = Why ~ WL q P =T =0 (37)
Substituting (35) in (37) yields
~ e o0 -1t oo a0 = o n -1
r + { - Ks) (L L - + + - Ks)L_(L =0, 38
(pq ) (L) q%p (pqp 9 lpy + (pq YL (L) (38)

The solution to the above differential equation will be the optimal pricing
schedule, ;(K), which determines the price awarded to the firm contingent on
its capital investment. Note that the ; in (38) is actually a function of
K via (36), wﬁich asserts that ;(K) satisfies14

b [(E = DEg + K] = [1-u1[a(pg + p K] = O . (39)
Thus, under asymmetric information the regulator observes the firm's capital

- -

investment and then determines the rate of return s and the price p to award
the firm by utilizing (38) and (39) simultaneously.15
Now define

Mz (-0 /7 a@)d +uls - 1) K,
P

-

Ignoring the dependence of s on K, the partial derivative of M with respect to

K 1is

M = -[1-u113Pg] + us . (40)

At this point we do not know the sign of Py~ Suppose we conjecture that pK<0.
Then MK will be positive.A This means that if we view M as a function of s
~conditional on K, then M(s|K,) > M(s|K,) ¥ s, K;>K,. Thus, if s ¢ argmax M(s|K),
then g(ﬁl) > ;(ﬁz). In other words, sK>0.

But totally differentiating (35) yields

PV PN A A A A A A A

P - - WL -8-5 K]dR/dw = L(4,K)
[pga + pa P - WL q Py = Wly=s—Sy 1dR/ (a,

(41)



Further substituting (37) in (41) results in
dﬁ/dw = -L(q,K)[s-r + SKK]-} ‘ _ ;; (42)

Since §K>O and §zr, we have dR/dw<0.

Now totally differentiating (37) and rearranging, we obtain

A na AN ) )
L + L = - [wL + wlL
1%Px [ qq(qu) qqpp(pK)

.y _ ~a
WLa9pPrr T PrIpPg ~ (pK)

AA A AA

- Pq_pP q (p )2 - qp
P KK K KK

+ W£KK + wLquppK]dK/dw . (43)

But the quantity inside the square brackets on the right hand side (RHS) of

(43) is simply -Q By the second order sufficiency condition for a

XK
maximum, QKK<O. Also, dK/dw<0, Thus, it follows that
L 5 5 + LK>0

ince L, = -f /% L q_p,>0. L = 1/f q_ <0
Since LK fK/fL<O, we must have quppK>O But Lq 1/fL>O and qp< by

assumption. Therefore, pK<O, as conjectured.

Now suppose 5K=O. Then from (40), MK>O, which means that sK>O. This
implies dﬁ/dw<0, and repeating the arguments just made we see that ;K<O.
Thus,we have reached a contradiction and Py cannot be zero. Finally, assume

Y

pK>O. Then for u sufficiently close to one, we can see from (40) that MK
will be positive,implying that SK>0. This in turn means that dﬁ/dw<0 and
hence §K<O. So we encounter a contradiction once more. Therefore, we

conclude that §K<0. And with 5K<0, we obtain dﬁ/dw<0. These two

observations are stated as propositions below,
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Proposition 5: The optimal regulatory pricing policy under asymmetric

information induces the firm to invest more when its variable cost is lower.

Proposition 6: The optimal pricing schedule is such that, in equilibrium,

those who display higher investments are granted lower prices.

Proposition 6 is very intuitive. The regulator wants to set a price
based on the firm's variable cost, w, but is a priori unaware of this cost.
Proposition 5 provides a strong indication of how prices should be determined
in such a setting, because it asserts that a firm with a high w chooses a
low i. To ensure that the firm is granted a price consistent with its
willingness to provide service, the regulator would like to set a high price
if the firm has a high w.. Since w cannot be directly observed, the regulator
awards a high price when the firm displays a low ﬁ, because it knows that the

firm in this case is operating with a high w. The attractiveness of this

mechanism is that, in spite of the fact that the firm knows exactly how the

regulator will behave, the equilibrium is informationally consistent and

incentive compatible.16

In the next section, functional form assumptions are used to obtain a
further characterization of the pricing policy. Part of our motivation for
doing so stems from the fact that in practice.the regulator would have to
know (or estimate) the specific forms of the production and demand functions

in order to formulate and implement a pricing policy.

-

4, Further Results on Pricing Under Asymmetric Information

This section is meant to illustrate how the general approach developed
in the previous section can be used in practice. 1In doing so we are also able

to generate a number of empirically testable propositions. We assume
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q() = bp S, with b>0, c>1, and f£(K,L) = LO%K"

s with ae(0,1) and Bs(O,l).
The assumption that the demand function is homogeneous (of ;ﬁy desired
degree) in price seems eminently reasonable. The Cobb-Douglas production
function has been used extensively in economic theory, particularly in
studies of regulation. [See Galatin (1968) and Courville (1974a).] It has
also been subjected to considerable empirical testing. For example,
Courville (1974b) tested two general production models (belonging to the

Constant Elasticity of Substitution family) against the Cobb-Douglas using a

nonlinear technique and found that the Cobb-Douglas could not be rejected.

Further, the functional forms lead to a welcome analytical simplification.
The determination of the allowed rate of return, s, now becoms independent of

the firm's capital investment. This assertion is proven below,

Since q is homogeneous of degree -c¢ in price, Euler's theorem permits

us to write

A A ~

= -cq . (44)
qpp q

Moreover, because the production function is Cobb-Douglas, we can use %)

to write .
&Lq(&,ﬁ) = yL(q,K) (45)
KL (3,K) = -VL(3,K) . (46)

Substituting (44), (45), and (46) in (38) yields the differential equation

A A A Al-c

- ~l-c P
. (clbp - czK)pKK + [c3bp - CAK]P o, (47)

~

_ where Cl = l-c+cy, CZ Z cys, c3 = v, and c4 = vstr.
The solution to (47) is a power function,

- - -1
p®) = [R) T, (48)
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-~

where ) = (b8,) '[8 5+(1-0)r] = b7 + (bo) TN (e-1)(s-r), (49)
~6l = 62 + c-1
6, = cy = (c-1) (1+v)

-~

Now, the mean value theorem asserts that there exists a price, p € [p,®),

such that

pa(p) = {m q(p) dp . (50)
: .

Because q(p) is homogeneous of degree -c in p and the optimal price function

-~

is given by (48), the function pq(p) is linear in K. Thus, the s that

-~

satisfies (36) will be independent of the firm's optimal investment, K.

The implication of this result is that the firm will be allowed to earn
the same rate of return regardless of its variable éost.17 The allowed rate
of return is constrained only by the firm's cost of capital. Note, however,
that since ﬁ still varies with w, the firm will earn larger profits if its
w is iower.

We now turn our attention to the impact of the regulator's informational

handicap on the determination of the allowed rate of return, §. Since s

does not depend in ﬁ, (42) becomes

-~

dK/dw = ~(s-1) Y L . (51)

Observe that £ is finite and positive for nontrivial solutions. Also note
that (51) stipulates a cross-sectional association between K and w. It_is
evident that s cannot be set equal to r, or else the derivative dK/dw does

not exist, and it becomes meaningless to talk about being able to identify
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the firm's unit variable production cost on the basis of its observable
investment level. Further, s <r is infeasible because the firp will refuse
to provide service. Therefore, the following result has been proved. (in
this section we will not keep repeating that the propositions hold for the
production and demand functions we have assumed, but it should be understood

that they do.)

Proposition 7: With asymmetric information about variable cost, the regulator

must allow the firm to earn a rate of return in excess of its cost of capital,

regardless of the regulator's social welfare objective.

The significance of this proposition is that, if the regulator wants to
use investment-based price regulation to induce a separating equilibrium in
which investment levels '"convey information,"” firms must be allowed to earn

18 . , . , .
excess returns. This is in direct contrast to one of the full-information

solutions characterized in Proposition 2. This difference between the full

information and asymmetric information settings arises because in the latter
case, the regulator is compelled to use the promise of superior returns as an
instrument to entice the firm to choose an optimal investment level that truly
reflects its private knowledge of variable cost. Clearly, how high the
allowed return, §, is set above the firm's cost of capital, r, will depend
on the regulator's social welfare objective. Given any weighting preference
¥, however, the deviation of the allowed return in this case
from ;he allowed return in the full information case will be a determinant of
the welfare loss due to asymmetric information.

We will now explore the relationships between the firm's variable cost,

its capital investment, the regulatory price, and aggregate output. Substituting

(48) in (51) yields the differential equation
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aa

(s-7) (dK/dw) = -k~ bY (ag) ~SY(1-e)~

Solving this differential equation provides the following expression for the

firm's optimal capital investment

~

(1-c)eyt
It is apparent that dK/dw < O [which also follows from (51)], and is a
verification of Proposition 3.
Similarly, from (48) and (49) we obtain

- R
Ps

and Pg (l—c)—l pK_l <0

a confirmation of Proposition 6. Further, from (54) we have the following

observation:

(1-c)'l 8, (t>f32)'l A p <0 . (54)

19

. : (52)

N S |
K= (2] [s-p)(c7D)8, (b8, (c-1) 72 : (53)

, (55)

Proposition 8: When there is asymmetric information about variable cost, the

regulatory price is a decreasing function of the rate of return on capital the

regulator allows the firm to earn.

Comparing this with Proposition 3, we see that the presence of an
informational gap between the regulator and the firm causes a complete

A

reversal in the direction of the effect of s on p. From (55) it is apparent

-~ -~

tﬁat pKK>O, so that varying s produces a whole family of decreasing convex
curves in the price-éapital investment space, with movement in the southwest
direction corresponding to higher regulatory rates of return. By contrast,
the full information relationship between price and capital invéstment is

represented by horizontal straight lines, with higher lines associated with
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higher rates of return. These relationships are graphically displayed in

Figure 1.

Insert Figure 1

P

Next, partially differentiating (53) with respect to s gives
e — vl (e " -1 2.2.-1
Ry = Rl(em1) [8,(s=0)]7" - ey, (b262)™) (56)

Substituting (49), (53), (54), (55), and (56) in (39) and simplifying results

(after considerable algebra) in the quadratic equation
£, (s—1)2 4+ £, (s-r) + £, =0 (57)
1 2 3 ?

where gl = 61 (Sl—cy) [uez(c—l) + (l-u)el] ,

_ 2
g, = wo 8 r(e-1) + (1-u)8,8,r [c-1+6 -cv] , (58)
d £, = (1-w) (c-1)r’s
an 3 - 3} c 2

Thus, s will be a solution to (57). Note that s will be a function of only
those parameters known to the regulator. One can therefore substitute for s

in (49) and subsequently, for A in (48), to obtain a price schedule that

depends only on K and known constants.

-

Thus, if a firm has a higher w, it chooses a lower X, is granted a
higher price, and consequently, its equilibrium production level is lower.
From Proposition 4 we know that this is exactly what happens under perfect
information for constant and decréasing returns to scale in production.

Moreover, it is also true for increasing returns to scale as long as

c[c-l]_1 > ot B.
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Going back to (48) and (49) we can see that for the optimal ‘solution under
asymmetric information to be economically meaningful for all c¢>1, we need X>0.

-

Since b>0, c¢>1, and s>r, it is sufficient to have 6,>0, which implies that

2
the condition c[c-l]_1 > (1+\))Y_1 = o+B8 is satisfied. This means that for
parameter values which permit a meaningful solution under asymmetric
information, a firm with a higher variable cost makes a lower capital
investment, is awarded a higher price, and produces a smaller output, under

both symmetric and asymmetric information.

Qur final objective is to examine the manner in which the firm's
utilization of capital vis-a-vis labor is influenced by the regulator's social
welfare objective.

First, we totally differentiate (35) to obtain

A AA A A A A

+pq_ - wL_q )p,-wL,sJK -K = -[q+pq_~vL q_lp_ - 59
[(a+pq qSp) Px WS IKg [a+pa,-wL a Ip (59)

Substituting (37) in (59) gives us

A AA

(s-r)K_ + K = [qtpq_-vL q lp_ .
S a*pq, qqp]ps (60)
Further, substituting (60) in (39) and rearranging results in

A AA A A

+ -wL
q Pqp qqp

-~

WHamwa e ()T K T (61)

" with K given by (56).
s

Now rewrite (37) as
P s .-1 ~oon ~ot gt .
(fK/fL) --LK =w {r [q+pqp quqp]pK] . (62)
From (56) and (61) we see that if p=1 (producer surplus maximized), the

Y A A

quantity q + pqp-quqp = 0, and thus (62) implies that

(EK/EL) =r/w .
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Moreover, it can also be verified that

lim ~ ~~ ~oa Ao~ 2] -~ ~ -1
+pq -wL = K( - (5-1)(p,) . (63)
w0 (9 Pa, qqp] ps) (s-1) (py
Since ;K<O and the right hand side of (63) is negative (because c(c—l)_1>a+8),
we have (fK/fL) < r/w. Thus, there is overinvestment in capital relative to
labor, because the strict quasiconcavity of the production function implies
that the marginal rate of factor substitution smoothly diminishes as the

level of investment K is increased. These ideas are now summarized in our

final proposition.

Proposition 9: If the regulator wishes to maximize producer surplus, the firm

makes a technologically efficient use of labor and capital. But if consumers

surplus is maximized, the firm overinvests in capital relative to labor.

This result may be viewed as the asymmetric information analog of
Proposition 1. The finding that there is overinvestment -in capital (with u=0)
when capital serves as a "signal“ of the firm's unknown variable cost is
similar to the conclusions of other asymmetric iﬁformation models. For
instance, Spence (1974) proves that individuals overinvest in education when

it functions as a signal of their a priori unknown native abilities.

4., Concluding Remarks

We have demonstrated how a regulator can set prices in an environment
plégued by asymmetric information about the monopolisﬁic firm's variable cost.
_The informational requirements we impose are that the regulator be aware of
market demand conditions, the firm's production technology, and its cost of

capital, but need have absolutely no prior information about its variable

cost.
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The optimal regulatory pricing policy we haﬁe characterized is ex ante
efficient in the sense that no other feasible policy (a policy tﬂaé yields
the firm a return at least equal to its cost of capital) yields a higher value
for the regulator's social welfare objective. It is not‘ex:goét efficient,
-however. Once the firm has chosen a capital investment, the regulator can
compute its wvariable cost. Knowing this variable cost, the regulator could
possibly adopt many po;icies that would generate a higher level of social
welfare than the ex ante optimal policy and also induce the firm to produce.
But if the firm recognizes this possibility, it may not signal truthfuliy.

That is, although the ex ante efficient policy may be dominated ex post, none

of these ex post superior policies can do better ex ante.

Although we have exaﬁined the case of the regulator not knowing a factor
price, it is clear that equivalent results can be obtained if a parameter
that enters linearly in the labor requirements function is a priori unknown
to the regulator. TFor example, the production function could be specified as

£k,1) = aL%®

where the positive constant A can be viewed as a technological efficiency

(returns to scale) parameter. One can then assume that the regulator does
not know A. In such a setting the form of the results developed in this
paper should remain the same. In fact, some may argue that this is a
potentially more interesting application than the case of asymmetric cost
information, because regulators are perhaps likely to be better informed
about factor prices than about the firm's technology.

The principal advantage of our approach is that it is easy to implement,

and does not call for sophisticated randomized regulatory auditing strategies
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or the threat of service disrﬁption. Moreover, many of our results are
testable empirically. Our model is, however, cast in a world 6f certainty and
is single-period. Introducing uncertainty, say on the démand side, is unlikely
to brove conceptually more challenging or élter the basic theme of the analysis.
But it will make the mathematics less tractable. On the other
hand, extension of the model to an intertemporal context, with a possibly
nonstationary variable cost, could engender a plethora of interesting new
issues, some with potentially significant theoretical and practical

implications.



FOOTNOTES

To this effect, R. S. Bower (1981) of the New York State Public Service
Commission states: ''The agency objective is to maximize the weighted-sum
of consumer and producer surplus through time, and the weight accorded
producer surplus will be small if it is a state regulatory agency." As
shown in the subsequent discussion, if zero weight is given to producer
surplus, the consumer maximizing price 1is that which makes the rate of
return of the regulated firm exactly equal to (marginal) cost of its
capital. Pricing in this manner so that the firm's allowed rate of
return 1s exactly equal to its cost of capital has been proposed by
Leland (1974).

Although two types of test years are used--historical and forecast--in
practice, historical test periods predominate. 1In its 1977 West Iowa
Telephone Company decision rejecting a forecast test period, the Iowa
State Commission stated: 'We have always rejected attempts at using
projected data in lieu of known and measurable facts. Speculation is the
anathema of regulation.'" (18 PUR 4th 227).

In addition to this moral hazard problem, there are serious problems of

cost measurement. For example, operating expenses, capital costs, and
depreciation over the test period must be associated with the average
investment in the test period. Such estimates require recognition that
during the test period, plant and equipment may be added to meet augmented
demand or to take advantage of operating efficiencies. Further, not all
utilities are alike. Telephone and water utilities, which are not covered
by the Public Utility Holding Company Act, commonly have nonutility
unregulated operations such as merchandising, manufacturing or real

estate investment. Others, such as gas and electric, may operate in
several states, or may be subject to various state and federal commission
jurisdictions. The diversity of interests makes the allocation of joint
costs, such as general overhead expenses and capital charges, an extremely
difficult task.

See, for example, Baron and Besanko (1983), Besanko (1983), and
Weitzman (1978).

Some of these results require us to make specific assumptions about
the functional forms of the production and demand functionms.

Note that in this model, p is a function of s through the constraint

(7.

The expression in (8) need not be concave in s. It is, however,
continuous. Since a continuous function is being maximized over a
compact set, a maximum will exist. If there are multiple maxima, we
will pick the one that maximizes consumer surplus.
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11.
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14,

Consumer surplus, the way we have represented it, can also be found in
Baron and Myerson (1982), Vogelsang and Finsinger (1979), as well as
numerous other papers. To validate it, consider the following argument.
Assume that the marginal utility of money income for each household is
only a function of income and has constant elasticity. Also, suppose
the total expenditure by a household for the service provided by the
regulated firm is a very small percentage of total income, and thus the
marginal utility of income is not significantly affected by the price
charged by the regulated firm. Then, the social welfare derived from
the service of the firm can be equated to a weighted sum of the
morietary value of the household consumer surplus, weighting by the
marginal utility of money income for each household. Since the
marginal utility of money income 1is assumed to be unaffected by the
price charged by the regulated firm, consumer surplus can be measured
by the expression we have used.

To obtain (12), note that the market demand, q(.), and the optimal-
capital investment, K, are functions of p. Moreover, p itself is a
function of the allowed rate of return, s.

To get (15) onme should express the labor usage L as a function of q and
K and remember that both q and K are functions of p, which is, of course,
a function df s. The only constants are u, s and r.

A rather subtle point needs to be made here. Although the firm's choice
of K conveys information about its w, whatever learning takes place

ex post on the regulator's part is redundant. The pricing schedule is

ex ante informationally efficient in the sense that the firm's optimizing
decision is consistent with the regulator's social welfare objective, and
is incentive compatible in the sense that no firm has an incentive to lie
by choosing a K that masquerades it as a firm with a different w. Thus,
there is no need for the regulator to attempt to actually compute a firm's
w after having observed its K.

This condition is obviously imposed to insure the provision of service.

In many instances, the courts have ruled that certain services, like the
provision of heat during winter in the snowbelt areas, are so essential

that they cannot be interrupted even if the consumer in question has not
paid his bills,

The approach taken here is similar to the approach in other self-selection
models in which some personal welfare maximizing choice of the informed
conveys information about the a priori unknown attribute to the uninformed.
For example, in Spence's (1974) model, the education acquired by an
individual conveys information about the individual's ex ante unobservable
innate ability.

Expliéitly recognized in (39) is the fact that the optimal investment
level chosen by the firm depends on the rate of return, §, that the
regulator permits it to earn.
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16.

17.

18.

The dependence of ﬁ on s means that the entire price schedule shifts
depending on the allowea rate of return. Note that (39) implies that
s depends on u, which means that p depends on u through its dependence
on s. '

This result should be contrasted with Baron and Taggart's (1980) analysis.
They show that the Averch-Johnson (1962) overcapitalization bias would be
the outcome of ""maive" regulation in which the regulator adjusts prices
based on changes in the firm's capital stock. We quote from their paper:

As long as the regulator follows some predictable price-setting rule
such as this, the firm has an incentive to manipulate its capital
stock so as to achieve any price consistent with the regulatory
constraint..., and thus the decision problem of the firm under naive
regulation is identical to that of the firm in the AJ model. (p. 9).

They propose eliminating this "inefficiency'" by adopting "sophisticated"
regulation in which the output price is based on some ideal capital stock
and is not changed even if the firm chooses a capital stock different
from the ideal. In their model, however, sophisticated regulation

requires the regulator to know as much about the firm's operation as the
firm itself.

Some may argue that casual empiricism would indicate that not all
regulated firms earn the same rate of return ex post. This, however,
cannot be a valid basis for challenging our assumption that the allowed
rate of return for firms regulated by the same regulatory agency is the
same. This is because cross-sectional variations in realized rates of
return may simply be due to these firms facing (nonidentical)
idiosyncratic risks in a world of uncertainty.

There is empirical support for the observation that regulated firms are
permitted to earn rates of return in excess of their costs of capital.
For instance, Roberts, Maddala and Enholm (1978) report, "...with an

embedded cost of capital of 8 percent, the firm...would be granted
8.95 percent.”" (p. 620).



APPENDIX

Let F denote the bordered Hessian of the production function. By the
strict quasiconcavity of the production funetion, % > 0., Differentiating
. (10) with respect to K yields

I = iy73 (A-1)

~

Since fL, F 0, (A-1) implies that LKK > 0,

Now using (3) and the implicit function theorem, we get

K = -fL/fK . (A-2)

Differentiating (10) with respect to q and using (A-2), one obtains

L =-FL
Kq q(

AA2_1
foL ) . (A-3)
Further, differentiating (9) with respect to p (recognizing that the optimal

investment, K, is a function of the regulatory price), yields

A~

~ -1 ~ ~
Bp = ~(ge)  Lgq % . A
Substituting (A-1) and (A-3) into (A-4) and using (10) now leads us to

the desired result. O
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