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ABSTRACT

This paper presents a model of a firm subject to uncertain -demand and
ex ante rate-of-return regulation. It is shown that if the regulator acts
in a "sophisticated" manner, not allowing the firm's capital stock to in-
fluence the regulated price, the firm produces efficiently. If the regula-
tor acts "naively," however, and sets price in response to the firm's capi-
tal stock, overcapitalization results. Although both types of regulation
are effective in holding price below the monopoly level, naive regulation
results in a larger capital stock, a higher price and smaller certainty-

equivalent output than does sophisticated regulation.



Regulatory Pricing Policies
and
Input Choices Under Uncertainty

by

David P. Baron and Robert A. Taggart, Jr.*

Analysis of the regu1ated firm's input choices has been dominated by the
deterministic Averch-Johnson (1962, hereafter AJ) model in which the firm's
profits are constraihed by an allowed rate of return on capifal. AJ showed
that when the allowed rate of returﬁ is set between the cost of capital and
the unconstrained monopoly rate of return, the firm will choose a capital-
labor ratio larger than that which minimizes cost at the level of output
produced. .

Extension of the AJ model to a world of uncertainty has not been
straightforward, however, because results have proved sensitive to assump-
tions about regulatory behavior. Under several sets.of conditions, the AJ
results have been shown not to hold. It has been recognized, for example,
that it is more realistic to view the regulator as setting an output price
for the firm which he perceives to be consistent with a fair rate of return,
in contrast to AJ's assumption that the regulator sets the allowed return
and the firm may then choose any price consistent with that return.l But
since ex post and ex ante returns may diverge under uncertainty, it makes
a difference whether the price is set before or after the uncertainty is re-
solved. Leland (1974) has shown, contrary to AJ, that when price is set to
allow a fair g}_gggg.return, the firm can be induced to choose an efficient

input combination. Peles and Steln (1976) and Perrakis (1976a), on the other

hand, considered models in which price is adjusted ex post, and have shown,



likewise contrary to AJ, that the.optimal capital stock under regulation
need not exceed that of an unregulated monopolist.

The present paper deals with a model in which demand is uncertain and
shows that the AJ undercapitalization result obtains when the regulator
sets price ex ante but allows that price to be influenced by the firm's
capital stock choice. If the regulator is "sophisticated" and sets the
price independent of the firm's actual caéital stock choice, then as in
Leland's analysis the firm will have an incentive to produce efficiently.
But if the regulator acts "naively" and allows the firm's input choices to
influence his pricing decisioh, the firm will be able to anticipate and
exploit the regulator's behavior and will find it advantageous to produce
inefficiently. The AJ model can be interpreted as a price—influence model
of tbis type.

In addition to analyzing technical efficiency of input choices under
sophisticated and naive regulation, the present paper characterizes the
optimal solutions to the firm's and the regulator's decision problems.
With sophisticated regulation, the firm's optimal capital stock is shown
to be a decreasing function of the regulated price, and the optimal reg-
ulated price 1s an increasing function of the all;wed rate of return.

The optimal price is second-best since 1t equals certainty-equivalent
average cost plus an increment reflecting the difference between the
allowed rate of return and the cost of capital. With naive regulation,
the firm's optimal capital stock is also a decreasing function and the
regulated price an increasing function of the allowed rate of return.
The optimal price and capital stock atre greater with naive than with

sophisticated regulation, but compared with the unregulated monopoly



solution.naive regulation results in a lower price, larger capital
stock and greater certainty-equivalent output. Fair rate of return
regulation even of the naive tyée thus yields some benefits to consumers.

The setting of the model, including the firm's production possibilities,
the regulatory environment and the securities market are de;cribed in Section
1. Sections 2 and 3 consider ﬁhe firm's investment decision and the
regulated price under sophisticated and naive regulation, respectively

and conclusions are offered in the final section.

1. The Firm and the Regulatory Setting

The model considered in this paper focuses on ex ante regulation for
a single period within a multi-period horizon, where the length of a
period is the time needed by the firm to éhange its capital stock. This
might correspond, for example, to the time required for delivery of néw
capital equipment. Since there are no other adjustment costs besides
this waiting time, the firm accumulates the capitai stock, K,, for any
period n which it deems optimal for that period, regardless of its
previously existing capital stock or its expectations of optimal capital
stocks in future periods. Consequently, both the regulator and the fimm
can treat their decisions during a given period as independent of
decisions in other periods. As 1is indicated below, the regulator and
the firm can revise their decisions each period in light of new information.
Regulation withip a period is thus of the ex ante type, while ex post
revisions are made between periods.

The demand, q, (pn; 8n), occurring during any period n 1is negatively
related to the regulated price, pp» and also depends on the state of nature,
Oh . It is assumed that 6, is not revealed until after the regulated
price has been set and the firm has fixed its capital stock for the

duration of the period. The capital stock is thus chosen ex ante, but



since the firm is obligated to satisfy whatever demand occurs, it must use
. . 2
labor, L, as an ex post factor of production.
The firm's ex post production function is expressed as f(Kn,Ln), and
for a given capital stock the required labor input satisfies

qQ_ = qn(pn,en) = f(Kn,Ln). ' (1)

The standard assumptions are made about the marginal productivities of the

factors:3
: 2 2 ' 2
39q 9q 9 q, 9 qp 979,
— >0, — > 0, —— < 0, <0, > 0.
K 3L aKi aLﬁ 9KLIL_

For a given Kn’ the amount of labor required to satisfy demand may be written
as
L = L(q,,K),

where the properties of this function are derivable from those of the produc-
tion function.4

The relationship between the regulatory process and the firm's produc-
tion decisions is then as follows: The regulator sets a price, P> and the
firm provides a capital stock,.Kn, both of which take effect at the begin-
ning of period n.5 The regulated price is set so that the firm is expected
to earn a fair rate of return E§_§E£§,6 The state of nature, Gn, is then
revealed, and the firm employs the variable factor input, in conjunction
with its predetermined capital stock, to meet demand. It is further assumed
that no adjustment of the regulated price will take effect until the begin-
ning of the next period - that is, not until sufficient time has elapsed
for the firm to alter its capital stock. The firm's ex post rate of return

in any period can differ from the ex ante fair return, therefore, because

no ex post price adjusfment is made within the period.7



Once en is known, both the regulator and the firm have new information

and can revise their expectations of Gn Diverse expectations are aggre-

+1°
gated by a securities market in the present model, and it will be shown that

the regulator can use market information to set a price, for the next

Pht1?
period. The new price is not influenced by the firm's existing capital stock,
however, and does not take effect until after the firm has had time to alter
its capital stock. Thus the analysis can focus on regulation and production
for a single period, because the periods are linked only by information
about future states of the world contained in present and past states.8
Accordingly, all time subscripts will hereafter be dropped.

Finally, the securities market in which investors evaluate the firm's
prospects is assumed to be complete within a period. As of the beginning
of each period a price exists for a’dollar of return to be delivered in any
of the uncertain states 8 which may occur in that.period.9 In equilibrium,
marginal rates of substitution between certain and uncertain returns will
be equated for all inﬁestors,and the present value of a dollar of return if
8 occurs will be denoted by p(8)/r, where r is the gross (r > 1) risk-free
interest rate.

For a given regulated price, p, and capital stock, K, the firm will

earn an ex post profit, m(p,K,8), given by

m(p,K,8) = pq(p,0) - WL(q;K),

(2)
where w is the wage rate. The market value, V, of the firm is the present
value of these ex post profits, or10 |

V= fp(8)r(p,K,0)do/r. &)

Since Sp(0)do = 1, the p(0) can be Interpreted as market "probabilities,"”

and V may iIn turn be interpreted as the (present) market "expected value"

of the firm's ex post profits.11



2. Sophisticated Regulation
A. The Firm's Investment Decision
If the regulator sets a price, p, and the firm perceives that its
own investment decision will have no influence on p, then the firm will best
serve its shareholders' interests by choosing that capital stock, K, given
p, which maximizes the net value of the firm, V-K. That is, the firm's prob-
lem may be written as

max(V-K = feﬁg)(pq(p,G)—wL(q,K))de—K).
K r

The optimal K is thus that which satisfies:?

~fp(e) S0 = L, %)

which says that the ex ante marginal rate of substitution between labor and
capital is equal to the factor price ratio. This establishes the followiang
counterpart of Leland's (1974) result:
Proposition 1: For any demand function, the firm's optimal input combination
under sophisticated regulation is ex ante efficient.

B. The Regulated Price and the Allowed Rate of Return

The previous section has established that for any given regulated

price the firm will choose the efficient capital stock consistent with that
price. The only restrictions on this result are that the firm must perceive
the regulated price to be unresponsive to its own decisions and that the
price must be neither so high nor so low as to drive the firm out of business.
The problem‘that remains is to choose a price within this range.

The difference between the market value of the firm and the replace-
ment value of fts capital gtock 18 a wmeasure of the firm's capltallzed
monopoly rents. Expressing these rents as a percentage (s-1) of the firm'é

capital stock, or V - K = (s-1)K, the regulator can restrict the



size of the rents by specifying a maximum allowable value of s.13 The

regulator must then choose that price, p*, such that the efficient capital
stock consistent with p* is alsoc consistent with V¥ = gK%,

From (3) a price p* such that V* = skK* implies

IO(G)H(P;; K*, 6)dé = rs. - (5)

Since the left-hand side of (5) can be interpretéd as the firm's market "ex-
pected" rate of return on invested capital and the right-hand side as an
allowed rate of return (expressed as a percentage of the cost of capital),

we have

Proposition 2: For a regulated price that yields V = sK, the market "expected"
rate of return equals the allowed rate of return.14 Since K* must be tech-

nically efficient ex ante, (4) may be used to eliminate r from (5), yielding

Sp(8) (p*q(p*,8) - wL(q, K¥*))ds _
sk

-fp(®)w ——-de (6)

The optimal price p*, corresponding to a given value of s, must then satisfy

oL
Kfp(e)aK ds

_ Jp(8)wL(q,K*)d8 o oK
Jo (8)L(q,K*)d6

_ E(L)
= J0(8)q(p*,6)do ) =

v E(q) (1-sm), 7

1 -

where E(L) is the market "expected" labor requirement, E(q) is "expected"
output and n is the elasticity of the labor requirement with respect to the
capital stock.15

The effect on p* and K* of lowering s can be evaluated by totally dif-

ferentiating V*(K*(p*),p*) = sK* to obtain

%
oV dK* AY dK
= = * 4+ — * = g— * *
5K* dp* dp ap*dp dp* dp* + K*ds.

For a change in s,

dp* _ oy [ (KX DV L v |
du K // (dp*(JK -t np*)' (8)



The relationship F between K* and p* is implicitly defined by (4) as

L]

F(K*,p¥) —fp(e)wgl%de -r=0,
=] o]

dk* _ -9F/3p*

dp* 9F/oK* °

The denominator, 9F/3K#% is negative by the assumed properties of the produc-
tion function and the numerator, 3F/dp* is negative, since expected demand
declines with p*. This yields

Proposition 3: A decrease in the regulated price increases the firm's op-

timal capital stock.16

dK* 3V
Since the firm maximizes V-K, 3V/3K = 1 at K* and the term ap* Gx - s)

in (8) is positive for s > 1. To determine the sign of dp*/ds, it remains
to evaluate 3V/dp* at K = K*,
An unregulated monopolist raises price until 3V/3p = 0, so dp*/ds > 0O

for s = s,,. For values of s marginally below s

M therefore, p* < p,, and the

M’ M

firm's maximum attainable value of V-K must be below the monopolist's V-K.
Formally, the firm's problem is Ra§ L = V-K-u(p-p*), where u is a Lagrangian
b .

multiplier, and the first order optimality conditions are

3L oV

5K ek "1 =0 (9a)
3L _ oV _

50 = op 0 (9b)
3L

—— = - * - .]
5, PP 0 (9¢)

The multiplier p represents the change in the maximum attainable value of V-K
given an iﬁcrease in p*. This must be positive for the value of p#* under con-
sideration, because an increase in the régulated pfice would allow the firm to
move along its expansion path (according to 9a) baék toward the monopoly solu-

tion. From (9b), then, dp*/ds > O for values of s marginally below s Fur-

"
oV dK* .
thermore, d(V-K)/dp = aV/op + (SE - 1) ES; = 3V/3p along the expansion path,



so as s is lowered further, p goes down and the maximum attainable value
of V-K is lowered further. Thus the argument above can be repeated for all

s such that 1 < s < s This establishes

M
Proposition 4: For 1 < s j_sM, a decrease in s reduces the optimal regulated
price, increases the‘firm's optimal capital stock,.énd increases the market
"expected" output.

The special case in which s = 1 exhibits two additional properties.17
The first of these is a corollary of Proposition 4.
Corollary: At s = 1.the regulated price p* that eliminates all monopoly
rents (V* = K*) is the minimum price satisfying V =.K and hence, yields the
ma#imum market "expected" output consistent with V = K. To see this, note
that V(p,K) - K = 0 implicitly defines all (p,K) pairs such that V = K. By
implicit differentiation
P--&-nsE,

dK

which equals zero at K = K*, and

dp dp
dzp _ a(dK) . dp + a(dK) - 32V oV
dK2 ap dK 9K aK2 ap

which is positive at K = K*. The price p* that yields V* = K* at s = 1 thus
results in the greatest market "expected" output. If all monopoly rents

are eliminated, however, the firm will be indifferent between going into
business in the first place and investing its funds elsewhere in the securi-
ties market. To provide the firm with an incentive to raise capital and

: . o 18

begin production, the regulator may find it necessary to set s > 1.

The second property involves the relationship between the regulated

price and the firm's costs. From (2) and (6), for any p* such that V = sK¥,
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rsk* = [p(8)p*q(p*,8)d6 - [p(8)wL(q,K*)de,

_ rskK* + wp(6)L(q,K*)d6
and , P Jo (8)q(p*,6)ds

(10)

From this follows

Proposition 5: For s = 1, the optimal regulated price equals the average cost
of an "expected" unit of output.

The optimal regulated price is not, in general, equal to marginal cost, but
setting s = 1 is a second-best procedure which produces the maximum "expected’

"expected" total cost. If s > 1,

output consistent with the firm covering its
then from (11) the regulated price includes a mark-up above average cost
which reflects the firm's allowed monopoly rents.
3. Price Influence and Naive Regulation
A. The Firm's Investment Decision

If the regulator acts in a sophisticated manner, he sets an output
price so that the best the firm can do is produce efficiently and earn the
allowed rate of repurn. Furthermore, he does not alter this price even if
the firm, for some reason, does not choose the optimal capital stock, K%,
corresponding to p*. An alternative assumption is that the regulator is
concerned only with the allowed rate of return, rs, and tha£ he adjusts price
in response to changes in the firm's capital stock so that the market "ex-
pected" return is always exactly equal to the allowed return. If the firm
were to announce plans for a non-optimal capital stock in response to the
regulator's initial price, for example, the regulator might immediately change
“the price so as to permit the firm a falr return on its intended capital stock,

Under this [orm of passlve, or nalve, regulation the firm"s capltal stock de-

cision will then be predicated upon influencing the regulated price.
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The firm will wish to increase its capital stock in this case as long
as

3K 3K 5p dK

(11)
is positive, where dp/dK reflects the price-influence effect. The regulated
price will vary with K along the constraint V = sK, so differentiating this

constraint yields

2V , 3V dp _
3K T 5p dK |

and substituting into (11) yields

3 (V-K)
oK

=g - 1. (12)
The following proposition results:
Proposition 6: For s > 1, the firm will increase its capital stock to the
point at which a furpher increment in K can no longer yield an increase of
s in the value of the firm.
The efficiency of the optimal capital stock under naive regulation can be
analyzed by comparing this model with the Averch-Johnson model.

B. Naive Regulation and the Averch-Johnson Model

In the AJ model, the firm sets its own price and may choose any

price~capital stock coﬁbination that satisfies the allowed rate of return
constraint. In the context of the model developed here, the AJ firm maxi-
mizes V-K with respect to p and K, subject to the constraint V < sK. Letting

AN be a Lagrangian multiplier and assuming that the constraint is binding at

the optimal (pN, KN), the necessary optimality conditions are

oV oV _
ok~ L AGr -9 =0 (13
oV AV _ o

V - sk = 0. (15)
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Since 0 < Ay < 1 when s > 1,19 (13) may be rewritten as

W
K - 1+ AN(l—s)/(l—?\N).
Then, from (2) and (3)
~fpe) 2 do = r/i + Ar(l-s)/(1-Mw. | (16)

As indicated in Section IIA, the 1eft.side of (16) is the ex ante marginal
rate of substitution (MRS) between labor and capitél. Since 0 < A < 1, this
MRS is less than the factor price ratio for s > 1 and overcapitalization
results.

The optimal solution in this AJ formulation of the model can be shown
to be the optimal solution under naive regulation. The firm facing naive
regulation is unconstrained in its éhoice of K, but the regulator chooses
the price p in order. to provide the allowed return at the capital stock
chosen by the firm. Since the firm knows the regulator's decision rule, it
can predict the price that will be set for any capital stock it chooses.

But this implies that the firm may manipulate K so as to achieve any price
consistent with V = sK, and thus the decision problem of the firm under naive
regulation is identical to that of the firm in the AJ model. Since the fea-
sible set is the same in both cases, the solutions must be the same. This
establishes

Proposition 7: The optimal capital stock and the regulated price under naive
regulation, in which price is set in response to K to yield V = sK, are the
same as the optimal solution to the Averch-Johnson model. Thus overcapital-
ization results for the firm's market "expected" output when s > 1.

The price-influence model is also analogous to the "capture" model of
regulation.20 Even if the.regulator does not act for purely self-serving

purposes, he can still be effectively captured and manipulated to the firm's
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advantage if the firm can exploit its knowledge of the regulator's decision
rule to influence output price.
C. Changes is the Allowed Rate of Return
The effect of a decrease in the allowed rate of return can be found
by totally differentiating V = sK with respect to s. Noting that p is a
function of K under naive regulation, differentiation yields

B AR L O dp K _ K, .
5k ds T 8p dK ds ~ Sas T K- an

From (14), 3V/dp = O at (pN, KN),21 and using (13) to evaluate 3V/3K yields

daK _ K(l—lN)
ds ~————
1-s

Since 0 < AN <1, dK/ds < 0 for s > 1. To evaluate the change in price,

totally differentiate (14) with respect to K, p and s to obtain

32 ' 32V dkK
+_ Phusduiief
ds

3p0K ds - O

N’<
315

op
V is assumed to be strictly concave in p and BZV/BpBK is negative from the
assumed properties of the production function. Thus price is an increasing
function of s, establishing
Proposition 8: Under naive regulation, the firm's optimal capital stock in-
creases and the price decreases as the allowed rate of return rs is lowered
toward r. The market "expected" output of the firm under naive regulation with

; . . 22
s < s, is thus greater than that for an unconstrained monopolist.

M

Proposition 8 indicates that, even with naive regulation, restricting the
rate of return, a firm can earn yields benefits to consumers.
D. Comparison of Solutions for the Sophisticated Regulafion, Naive
Regulation and Unregulated Monopoly Cases.
Comparison of the three solutions is facilitated by considering the
geometric representation in Figure 1, where the hill'depicts feasible values

of V-K as a function of (p,K). The unregulated monopolist would maximize
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(V-K) by choosing thé point M corresponding to fhe price Py and the capital
stock KM. The regulated firm must satisfy the constraint V = sK, which is
represented by the plane of slope (s-1) in (V-K,K) - space, so the feasible
set is the intersection of the (V—K) hill with the V = sK plane, as indi-
cated by the heavy solid and dotted line. The fi;m facing naive.regulation
can influence price and will be able to achieve point N, the point of maxi-
mum V-K in the feasible set. The corresponding cépital stock is KN’ and

the firm's choice of KN causes the regulator to set price at Py The sophis-
ticated regulator, however, will choose price p*, the lowest price consis-
tent with both efficient production and V = sK. Given p%*, the best the firm
can do is to achieve point S by choosing the capital stock K¥*.

Propositions 4 and 8 indicate that KN > KM’ K* > KM’ Py < and p* < Py

Py
for 1 < s < Sy To compare the solution (pN,KN).resulting from naive regula-
tion with the solution (p*,K*) resulting from sophisticated regulation, sup-
pose that a firm facing naive regulation were to start at point S. The op-
timality condition for KN for the firm under naive regulation is given by

(13) as 3V/8K = 1 + Ay(1-s)/(1-2y) where 0 < A < 1. But since 3V/3K = 1 at
S, 9V/3K is too large, and by coﬁcayity of V, the firm Qill wish.to increase

K in order to approach the optimal solution. As the firm increases K, the

regulator will respond by changing p, along the constraint V = sK. Differen-

tiating this constraint with respect to K yields

vV, 9V dp _
5K T Bp ak - S°
or
v
dp 9K
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Since 3V/3K = 1 and 3aV/3p > 0 at S, the regulator will increase price as
the firm increases its capital stock. These results are summarized as
Proposition 9: Starting from the sophisticated regulation solution, the
firm under naive regulation increases its capital stock, forcing the regu-
lator to increase the regulated price. The optimal solution with naive
regulation entails a:higher price and a greater capital stock thén with
sophisticated regulation.

As the allowed rate of return constraint is tightened below Sy firms
facing both naive and sophisticated regulation increase their capital stocks,
but as indicated in the contour diagram in Figure 2, they move down differ-
ent sides of the V-K hill. The concentric contours in Figure 2 represent
the intersections of V-K with V = sK, with the outer contours corresponding
to lower values of s. The firm facing naive regulation moves down the line
MN, the locus of maximum capital stocks consistent with each value of s.23
The firm under sophisticated regulation moves down the line MS, the locus of
maximum efficient capital stocks consistent with each value of s.24 As s
approaches unity, there is no reason to expect the firm under naive regula-
tion to move closer to the efficient locus, and at s = 1, this firm would
be indifferent among any of the (p,K) combinations for which V = K. The
firm under sophisticated regulation, by contrast, would be indifferent be-
tween going into business or not at s = 1, but if it did go into business,
it would prefer K#* in Figure 2 to all other values of K.

4. Conclusions

_While regulatory commissions may iﬁclude the rate of return of a firm

among their objectives, their primary instrument of control is the price

of the firm's output. For 'a specified price, uncertainty may cause the

firm's ex post return to differ from the allowed return. While the regula-
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tor will change price if this divergence continues over an extended time,
however, an ex post return constraint is typically not imposed each period.
Instead, regulators may be viewed as settingAprice to allow a fair ex ante
rate of return within each period and changipg this price in response to
developments between periods.

If the firm is investor-owned, the sophisticated regulator may use its
securities market valuation to determine the minimum ex ante price that is
consistent with technical efficiency and at the same time yields an "ex;
pected" return equal to the allowed rate of return. That price is equal
to the average labor and capital costs plus an increment reflecting any
difference between the allowed rate of return and the cost of capital. The
firm will then produce efficieptly, using a larger capital stock than would
an unregulated monopolist, provided it perceives the regulated price to be
invariant to its own decisions. If the regulatof acts naively, however,
and is concerned only with pricing to yield the allowed return, overcapitali-
zation will result, as in the AJ model. The firm under naive regulation
will employ a larger capital stock than a firm.under sophisticated regula-
tion with the same allowed return, but the naive regulated price will be
higher and thus market "expected" output will be lower. Nevertheless, naive
regulation results in a lower price, larger capital stock and greater "ex-
pécted" output than those entailed by the unregulated monopoly soiution,

and to this extent even regulation of the naive type yields some benefits

to consumers.
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1. See, for example, Baumol and Klevorick (1970) and-Joskow (1974).
2. For an electric utility, fuel would be the ex post input.

3. Although it is assumed that the production function is twice differen-
tiable, less well-behaved functions are also compatible with the analy-
sis. There may be an absolute capacity limit a(Kn) for any given capital
stock, for example, in which case the firm must be restricted to choose
Ky such that q(Kp) > q(p,,0, max) > the maximum demand that might occur
in period n. :

4. Specifically, it can be shown that dL,/3qy > 0, dL_ /8K, < 0, 3Ly /d¢2 > 0,
32Lp/3K2 > 0 and 3°L,/8q,3K < 0.

5. As will be seen below, the regulated price and the firm's capital stock
are set independently under sophisticated regulation, but are simultane-
ously determined under naive regulation.

6. Since the ex ante return depends on the uncertain future demand, the
regulatory process envisioned here corresponds to the use of a "future
test-year." 1In a recent paper M. G. Subrahmanyam (1977) analyzes a
model in which the regulated price for period n + 1 depends on the capi-
tal stock and demand which actually prevailed in period n. This cor-
responds to the use of a "historical test-year."

7. Our reading of the literature suggests that this description is more
realistic than one in which price is adjusted so as to satisfy a fair
return constraint ex post, as in Peles and Stein (1976) and Perrakis
(1976b). Joskow (1974) asserts, for example, that ex post returns have
exceeded allowed returns over long periods in the past. Furthermore,
as Myers (1972) points out, ex post price adjustment is not even desir-
able if the regulator's objective is to approximate the competitive
solution.

8. The weakness of this description is that for the regulator to be able
to announce the price Pp+1 and for the firm to determine K,4+1, they both
must be able to predict the market value of the firm at the beginning
of period ntl. The state 8, is thus assumed to be a complete descrip~
tion of the world, including market opportunities.

9. The securities market is not complete across periods, however, so an in-
vestor cannot make trades at the beginning of period n conditional on
period n + 1 states.



10.

11.

12.

13.

14.

15.

16.

17.

18.

The use of a securities market valuation frees the results from depen-
dence on the specific characteristics of investors or of the managers

of firms, in contrast to Perrakis (1976b). The complete market assump-
tion used to obtain this V is not as restrictive as it may appear. If
the required labor function in (2) is such that q(p,6) may be factored
out in some way, then (3) can be used to solve for a "market certainty
equivalent" of the uncertain output, fo(8)q(p,8)dd/r, in terms of market
observable information. In that event, investors will agree on the
value of the firm even if the state prices, p(8)/r differ among inves-—
tors. The advantage of the complete market assumption is that it allows
the analysis to proceed with a minimum of restrictions on the produc-

tion function.

See Dréze (1974) for this interpretation.

An optimal K exists because the properties of the production function
imply that V-K is strictly concave in K. To facilitate comparisons with
the firm's decisions in the AJ and unregulated monopoly cases, it will
also be assumed that V-K is_strictly concage in p. This requires that
299/5p - w(32L/3q%) (3q/3p)% - w(dL/3q) (3%q/3p2) be negative.

The restriction is binding only if s < s, where (s _-1) is the level of
rents, relative to K¥, that would be achieved by an unregulated monopo-
list. Also, s > 1 if the firm is to go into business.

In the Peles and Stein (1976) and Perrakis (1976) models, by contrast,
the allowed return is greater than the expected return, because the reg-
ulatory constraint is imposed ex post so that the firm can never earn
more than the allowed return, while in some states of nature it may earn
less.

If there is more than one such price, the regulator will presumably choose
the lowest one. This will bring forth the maximum market "expected" out-
put consistent with both efficient production and V = sK.

A decrease in p increases expected demand which in turn increases the mar-
ginal value product (MVP) of capital (BZL/aKaq < 0). Thus the level of
K at which MVP = r increases.

The first of these additional properties is consistent with the results
reported by Leland (1974), who stipulates that the regulated price be
set so that V = K.

oV oV i . .
When s > 1, dp/dK =—(§E - s)/sg > 0. Thus, p* is not the minimum price

consistent with V = sK if s > 1.
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To demonstrate that 0 < AN < 1, it will first be shown that AN # 1 when
(pN,KN) >0 and s > 1. If AN = 1, then (13) implies 1-s = 0, which con-
tradicts s > 1. To show that AN # 0, note that AN = (0 yields the monopoly
solution in (13) and (14). By assumption, the monopoly solution is not

attainable, so AN # 0 and thus %%-= 0. The bordered Hessian for the sys-
tem in (13)-(15) is

2 2
3%V 3V v
- (- A 3por ST
3K A
2
32V _ 2V v
(129 dpoK (1-2y) 2 T 9p
op
v v
3K ' ap 0

which must be positive. Since %% = 0, expanding about the last column
, WV, 2 32y . -
yields - (s - )" (1-1,) —> > 0. Concavity of V implies that A, < 1.
3K N ap2 - N

This proof foliows the one employed by Baumol and Klevorick (1970) for
the AJ model.
See G. Stigler (1971) for a discussion of the '"capture" model.

Even though 3V/3p = 0, (pN, ) does not coincide with the unregulated
monopoly solution., The latter solution is inadmissible because of the
allowed return constraint,

That K increases as s decreases is consistent with the results of Taka-
yama (1969), Baumol- and Klevorick (1970) and Stein‘and Borts (1972).

The "anti AJ Theorem" of Peles and Stein (1976) does not hold in this

case even with multiplicative uncertainty. The reason is that the regula-
tory constraint is imposed ex ante in the model presented here and ex
post in the model of Peles and Stein. That market "expected" output ex-
ceeds that of an unregulated monopolist for s < s,, corresponds to Baumol
and Klevorick's (alleged) Proposition 4. As Baumol and Klevorick point
out, this result hinges on the assumption that azq/BKaL > 0.

The (p,K) pairs consistent with any value of s are defined by V = sK.
Differentiating implicitly, we have dK/dp = -3V/dp / (3V/3K - s) = 0
(from 14) at any equilibrium point for the firm under naive regulation.

Furthermore, d2K/dp2 = —32V/8p2V/ (3V/3K - s) < O at any equilibrium
point, so KN is the maximum K consistent with V = gK.

If more than one price is consistent with both V = sK and efficient pro-
duction, the regulator chooses the lowest such price. But then from
Proposition (3), K* is the maximum efficient capital stock consistent

with V = sk,
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