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1 Introduction

Price cap regulation has become a popular alternative to rate of return regulation in
many industries. The popularity of price cap regulation (PCR) stems in part from its ability
to provide strong incentives for cost reduction by severing the link between regulated prices
and realized production costs.! However, in severing this link, PCR also can invite strategic
behavior by regulated firms. For example, the firms may be tempted to allow service quality
to deteriorate in order to reduce short-term operating costs.?

In recent years, regulators have become concerned that PCR may also encourage regu-
lated firms to adopt excessive levels of debt financing. This concern has arisen in the UK
water sector, for example. When the newly privatized water utilities were first regulated in
1989, they were financed almost entirely with equity. OFWAT), the sector regulator, advised
the utilities to employ some debt financing in order to reduce capital costs.® The utilities
apparently took this advice to heart — the sector’s capital structure was more than 40 percent
debt by the turn of the century, and nearly 60 percent debt by 2006. (OFWAT, 2001, p. 19;
2010, p.17).

Although debt financing can limit the risk that investors face, it can impose costs on
consumers of regulated services and society more generally. When a regulated firm’s rev-
enue falls short of its debt obligations, the regulator usually is highly reluctant to incur the
service disruptions and other costs and inconveniences that bankruptcy proceedings can en-
tail. Instead, the regulator typically seeks ways to alleviate the realized shortfall, sometimes
by requiring consumers to bear higher prices and sometimes by seeking financial support
from the government, for example. These considerations have introduced concern about the
current high levels of debt financing in the UK water sector (Cowan, 2013). In 2012, debt

accounted for nearly 70 percent of utility financing on average, and the leverage was nearly

IBraeutigam and Panzar (1993), Crew and Kleindorfer (1996, 2002), Sappington (2002), Vogelsang (2002),
and Cowan (2013), among others, discuss the rationale for PCR, as well as its design and implementation.

2See Sappington and Weisman (2010), for example, and the references cited therein.
3Private discussions with Sir Ian Byatt, the first director of OFWAT (April 10, 2013). Debt financing
typically is less costly than equity financing because debt holders face less financial risk than equity holders.
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80 percent for several companies (OFWAT), 2013). Concern about these debt levels led the

chairman of OFWAT’s board, Jonson Cox, to urge a swift change in OFWAT policy.

“The regulator has previously taken the view that the capital structure of the
companies (and consequent risks) is for the boards and shareholders to determine.
This remains the case only as long as a structure does not create risks (sic) which
could, on failure of a company to meet its obligations, pass liability or risk back
to customers or to the public purse — or indeed damage the legitimacy of the
entire sector. Public interest rightly expects the economic regulator to ensure
that vital public services today and the ability to fund investment in future are
not put at risk by corporate structures. The regulator has a role in ensuring
structural risks are managed effectively.” (Cox, 2013)

The purpose of this research is to begin to help understand the regulator’s role in this
regard. We examine the issues of concern to Mr. Cox in a stylized setting where the regulated
firm can operate under either the current (“original”) capital structure or a (“new”) more
highly leveraged capital structure. The new structure lowers the firm’s capital costs by
S > 0, but increases the probability that the firm will be unable to meet its debt obligations,
and so will experience financial distress. Such distress entails social cost D, which includes
the cost of any public funds employed to “bail out” the firm, for example. The expected
benefit (S) of adopting the new capital structure exceeds the corresponding expected cost
if the probability of financial distress under the new capital structure is low (pz), but not
if this probability is high (py). The regulated firm can determine whether this probability
(p) is low or high before choosing its capital structure, but must incur cost & to do so. The
regulator cannot observe whether the firm has incurred this cost to learn p and cannot verify
any claim the firm makes about the magnitude of p.

Despite these limitations, if the regulator can credibly threaten to punish the firm severely
should it experience financial distress after adopting the new capital structure, then the
regulator can induce the firm to learn p and adopt the new capital structure if and only if
p = pr. The regulator also can achieve this desirable outcome without affording the firm
any rent. When the regulator’s ability to penalize the firm is more limited, she can still

induce the firm to learn p and adopt the appropriate capital structure. However, she must
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cede rent to the firm in order to do so. When the regulator’s ability to penalize the firm is
sufficiently limited, the regulator finds it too costly to motivate the firm to learn p. Instead,
she simply instructs the firm to operate with the original capital structure, and she affords
the firm no choice among capital structures.

The optimal regulatory policy leaves the firm with no rent when the regulator has sub-
stantial or very limited ability to penalize the firm. In contrast, the firm secures rent when
the regulator can impose moderate penalties on the firm. Consequently, the firm benefits
from expanded regulatory ability to penalize the firm, within limits. The firm may enhance
this ability by, for example, posting a moderate financial bond that it forfeits should it
experience financial distress after adopting the new capital structure.

Our analysis complements other studies of the capital structure of regulated enterprises
by focusing on the design of incentives to induce the firm to learn the prevailing risks before
choosing a capital structure. Some studies (e.g., Spiegel, 1994; Spiegel and Spulber, 1994)
examine how a regulated firm that is well informed about the risks of potential capital
structures will choose its capital structure before the regulator sets consumer prices. These
studies conclude that the firm may implement excessive debt because the debt can induce
the regulator to raise consumer prices in order to limit the risk of insolvency.* Other studies
(e.g., Jensen and Meckling, 1976; Ross, 1977; Spiegel and Spulber, 1997) examine how a well-
informed firm might choose its capital structure in order to signal future financial prospects
or limit managerial moral hazard.® Our analysis incorporates as a special case the setting
in which the regulated firm is well informed from the outset about the risks inherent in the
capital structures it might implement. However, we focus on the arguably more relevant
setting in which costly study is required to acquire this information. Therefore, our formal

analysis reflects principles developed in the literature that examines the design of reward

4Bortolotti et al. (2011) provide empirical evidence that supports this prediction. De Fraja and Stones (2004)
and Cowan (2013) examine the design of pricing policies and the choice of capital structure in models closer
to our model in that the regulator can commit to policy parameters before the regulated firm chooses its
capital structure. These important studies are discussed further in section 5.

’Harris and Raviv (1991) review the early literature along these lines.



structures to induce an agent to undertake costly study of the environment in which he
operates before acting (e.g., Lewis and Sappington, 1997; Crémer et al., 1998; Szalay, 2009).
Our analysis complements these studies in part by focusing on the impact of a regulator’s
limited ability or incentive to impose penalties and by identifying conditions under which
the firm can gain as the penalties it faces become more severe.

The analysis proceeds as follows. Section 2 describes the stylized model that we ana-
lyze. Section 3 identifies conditions under which the regulator’s inability to monitor both the
firm’s study of the new capital structure or the results of the firm’s findings is not constrain-
ing. Section 4 characterizes the optimal regulatory policy in settings where the regulator’s
limited information is constraining. Section 5 provides concluding observations and suggests
directions for future research. The proofs of all formal conclusions are presented in the

Appendix.

2 The Model

We consider a setting in which a profit-maximizing regulated firm can either operate
with the prevailing (“original”) capital structure or implement an alternative (“new”) capital
structure that entails more extensive debt financing. The firm incurs capital cost Ky if it
operates under the original capital structure. This cost declines to Ky— .S if the firm adopts
the new capital structure. Although the new capital structure provides cost saving S > 0,
it entails an increased probability that the regulated firm will be unable to meet its debt
obligations, and so will experience financial distress. Such distress generates social cost D.
This cost includes losses from service disruptions or reduced service quality that customers
suffer when the regulated firm experiences financial distress. This cost can also include
the social cost of funds (e.g., tax revenue) employed to avoid bankruptcy or to “bail out”
the bankrupt firm. In addition, this social cost can include relevant restructuring costs or
increased future borrowing costs that the regulated firm incurs, and the personal losses that

the regulator experiences (due to a tarnished reputation and reduced future employment



prospects, for example) when the firm that she regulates experiences financial distress.

Because adoption of the new capital structure entails both benefits (S) and costs (D),
the merits of such adoption depend on the magnitudes of S and D and on the probabilities
of distress under the two capital structures. The probability of financial distress is known
to be py € (0,1) under the original capital structure. The probability of distress under the
new capital structure (p) is either low (pr € (po, 1)) or high (py € (pr,1)). The probability
that p = p; is ¢, € (0,1), for i = L, H. Consequently, the ex ante expected probability of
distress under the new capital structure is p = ¢, pr + ¢y > Do

The social benefit of adopting the new capital structure is assumed to exceed the corre-
sponding social cost if and only if the probability of distress under the new capital structure
is low (pr). The social benefit of adopting the new capital structure is the associated reduc-
tion in capital costs, S. The corresponding cost is the increased expected social cost due to

financial distress, [p — po| D. Formally, we assume:

(pL—po]D < S < [p—po|D < [pg—po]D. (1)

Inequality (1) implies that if the probability of distress under the new capital structure (p)
is not known, social surplus is maximized when the original capital structure, not the new
capital structure, is implemented.

Although the probability of distress under the new capital structure (p) is initially un-
known, the regulated firm can employ its unique industry experience and knowledge to learn
p by incurring personal cost k. This cost includes the firm’s opportunity cost of developing
accurate forecasts of the likelihood that the sum of production costs and debt obligations
costs will exceed authorized revenues. The regulator is presumed unable to discover p her-
self. The regulator is also unable to verify whether the firm has incurred cost k to learn the

realization of p.°

6In practice, a regulator can observe whether the regulated firm has produced a report that purports to
assess the risk of financial distress under the new capital structure. However, the regulator may lack the
resources required to determine the validity and accuracy of the report, and thus whether the firm has put
forth the effort required to fully assess the relevant risks.



We will refer to the policy under which the firm incurs cost k to learn p and adopts
the new capital structure if and only if p = p; as the efficient capital structure policy.
This policy is efficient because, by assumption, the social value of learning p exceeds the
corresponding cost, k. This social value is the expected reduction in social cost from pursuing
the efficient capital structure policy. The social cost in question is the sum of the firm’s
capital cost and the expected social loss from financial distress. Thus, the social value of

learning p is:

V= ¢,lpr D+ Ko— S|+ ¢ulpoD+ Ko| —(po D+ Ko).

We assume:
E<V < k< ¢.[(pp—po)D—S5]. (2)
The firm’s decision about whether to incur cost k to learn p before choosing its capital
structure is affected by the revenue it is permitted to earn under the two capital structures
and the associated penalties it faces should financial distress arise. Although the regulator
cannot discern whether the firm has learned p before it chooses a capital structure, the
regulator can observe the firm’s choice of capital structure. The regulator also eventually
observes whether the firm experiences financial distress under the selected capital structure.
Consequently, the regulator can link the firm’s authorized revenue to the capital structure
it implements and whether the firm ultimately experiences financial distress. Ry will denote
the firm’s revenue when it adopts the original capital structure and distress does not arise.
R, will denote the firm’s revenue when distress arises under the original capital structure.
R4 will denote the firm’s revenue when it implements the new capital structure and distress
does not arise. R, will denote the firm’s revenue when distress arises under the new capital
structure.” C will denote the firm’s physical production cost under both the original and

the new capital structure.®

"The subscript “d” denotes an increased level of debt.

8We do not model formally the firm’s effort to minimize its physical production cost. In practice, a firm’s
authorized revenue typically is not linked to its realized physical production cost when it operates under
price cap regulation. Therefore, the profit-maximizing firm will seek to minimize these costs. Consequently,
the firm in our model can be viewed as operating under a variant of price cap regulation in which allowed

6



If she decides to induce the firm to pursue the efficient capital structure policy, the
regulator will seek to do so in the manner that minimizes the expected sum of the firm’s
revenue and the social cost of financial distress. Formally, the regulator’s problem, [RP-1],
in this setting is to choose Ry, R,, R4, and R, to:

Minimize  ¢p,[pr(By+ D)+ (1 —pr) Rl + ¢5 [po (Bo + D) + (1 —po) Ro]  (3)

subject to:

T = ¢p[prRy+ (1 —pr)Ra+ S|+ by poRy+ (1 —po) Ro] —Ko—C—k > 0; (4)

T > poLRy+[1—po] Ro— Ko—C; (5)
5 > BB 41— ) R (Ko )~ O ©
prRy+[1=pr]Ri+S > poRy+[1—po] Ro; (7)
poRy+[1—=po|Ro > puRy+[1—pu|Ra+S; (8)
Ry—Ky—C > — A; Ry—Ko—C > — A; (9)

Ri—(Ko—S)—C > —A; and R,—(Ky—S)—C > —A.  (10)

Constraint (4) ensures that the regulated firm anticipates at least the profit it requires
to operate in the industry. This profit is normalized to 0. Constraints (5) and (6) ensure
that the firm prefers to learn the realization of p than to remain uninformed about p and:
(i) always implement the original capital structure; or (ii) always implement the new capital
structure. Constraints (7) and (8) ensure that the firm will: (i) implement the new capital
structure when it knows that the probability of financial distress under this structure is
relatively low (i.e., p = pr); and (ii) implement the original capital structure when it knows

that the probability of financial distress under the new capital structure is relatively high

(i'e'; p = pH)g

revenues are linked to the firm’s chosen capital structure, and C' can be viewed as the minimum physical
production cost that the firm can reasonably be expected to achieve.

9When it is indifferent among actions, the firm is assumed to undertake the action preferred by the regulator.
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Constraints (9) and (10) ensure that the firm’s profit never falls below —A. Thus, A
represents the maximum financial loss the regulator can credibly force the regulated firm
to bear. If A = 0, for instance, then the regulator is effectively unable penalize the firm
even when it experiences financial distress. In practice, political or legal considerations can
limit the financial penalty that a regulator can credibly threaten to impose on a regulated
firm. A regulator may also decline to impose a large financial penalty on the firm in order to
avoid any associated deleterious consequences for consumers. When she has limited ability
or incentive to impose severe financial penalties on the firm, the regulator can find it difficult
to motivate the firm to undertake the efficient capital structure policy. When the firm knows
that it will not be punished severely should financial distress arise, it may find it profitable
to avoid the cost of learning p and simply adopt the less costly, but more risky, capital

structure without knowing whether it is “safe” to do so.

3 Preliminary Findings

We begin our analysis of the optimal regulatory policy in this environment by identifying
conditions under which the regulator’s limited ability to monitor the firm’s activities is not
constraining. Proposition 1 explains when the full-information outcome is feasible. Under
this outcome, the regulator induces the firm to undertake the efficient capital structure policy

and cedes no rent to the firm.

Proposition 1. The full-information outcome is a feasible solution to [RP-I1] if and only if
[1-Dplk

A A = ————— .
= B ¢L[5—pL]

Proposition 1 indicates that the regulator can achieve the full-information outcome when
the penalty that she can impose on the firm in the event of financial distress ( A ) is sufficiently
large relative to the firm’s cost (k) of learning p. In this case, the regulator achieves her

preferred outcome by imposing a large penalty on the firm if it experiences financial distress



under the new capital structure. This large penalty can be offset by substantial rent under
the new capital structure in the absence of financial distress. When A is large, R; can
be set well above R, while ensuring zero expected profit for the firm when it undertakes
the efficient capital structure policy. The large difference between R,; and R, ensures that
the firm’s expected profit under the new capital structure is much greater when the firm
knows that distress is unlikely (i.e., that p = p;) than when the firm does not know p.
Consequently, even when the payment structure under the new capital structure is set to
deliver enough rent to the informed firm to compensate it for incurring cost &, the firm will
find it unprofitable to simply adopt the new capital structure without learning p.
Corollary 1 identifies changes in the environment that enhance the regulator’s ability to

achieve the full-information outcome.

Corollary 1. The set of A wvalues for which the full-information outcome is feasible (i.e.,

[Afp,00)) increases as k declines, as py increases, or as pr, decreases, ceteris paribus.

When £ is relatively small, the regulator does not need to promise the firm substantial
rent when it adopts the new capital structure in order to compensate the firm for learning
p. Consequently, the firm will not find it highly profitable to simply adopt the new capital
structure without learning p, and so the regulator is able to achieve the full-information
outcome even when A is relatively small.

When pp is relatively large, p — pr is also relatively large. Consequently, the assessed
likelihood of financial distress under the new capital structure is substantially greater when
the firm does not know p than when the firm knows that p = py. Therefore, for a given
value of R;— R, > 0, the difference between the firm’s expected profit under the new capital
structure when the firm knows p = p; and when the firm does not know p is large. As a
result, the regulator is better able to induce the firm to learn p without affording the firm

any rent.



In contrast, when p; is relatively large, p — pp is relatively small. Consequently, for
a given value of R; — R,, the difference between the firm’s expected profit under the new
capital structure when the firm knows p = p; and when the firm is uninformed about p is
small. Consequently, it is more difficult to induce the firm to learn p without affording the
firm rent.

Corollary 2 emphasizes an additional implication of Proposition 1.

Corollary 2. Suppose A > 0, so the regulator can always hold the firm to zero profit.

Then the full-information outcome is feasible if k = 0.

Corollary 2 indicates that if the regulator can always limit the firm to its reservation
profit level of zero and if it is not costly for the firm to learn p, then the regulator can secure
the full-information outcome. She can do so simply by setting the firm’s revenue to match
the sum of its capital and production costs regardless of the selected capital structure and
regardless of whether financial distress occurs. Under such a reward structure, the firm is
willing to (costlessly) learn the realization of p and implement the new capital structure if
and only if p = py.

Corollary 2 implies that the optimal regulatory policy typically is straightforward when
the regulated firm is fully informed (or can costlessly become informed) about the relevant
risks of a more highly leveraged capital structure. The regulator can simply adjust the firm’s
authorized revenue to fully reflect the reduction in capital costs that the firm secures if it
adopts the new capital structure. Such a policy leaves the firm indifferent among capital
structures. Consequently, the firm is willing to adopt the capital structure that provides the
largest difference between social benefits and costs. In essence, the regulator’s problem only
becomes challenging when it is costly for the firm to assess the inherent risks of more highly
leveraged capital structures and when the regulator seeks to induce the firm to better assess

these risks before choosing a capital structure.
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4 Main Findings

The findings in section 3 establish that the regulator can achieve her preferred outcome
when she has substantial ability to penalize the firm if it experiences financial distress and/or
when it is not very costly for the firm to learn the likelihood of financial distress under the
new capital structure. We now proceed to characterize the optimal regulatory policy when,
as is often the case in practice, these conditions are not met. In practice, regulators often
lack the authority to impose large financial penalties on the firms they regulate. Regulators
also can lack the will to do so if such penalties threaten to disrupt service or otherwise
diminish service quality in the industry. Instead, regulators can find it more expedient to
bail the firm out of its financial difficulties.'”

Proposition 2 describes how the regulator optimally induces the firm to pursue the effi-

cient capital structure policy when she cannot do so without affording the firm some rent.

Proposition 2. Suppose A < Ap, so the full-information outcome is not feasible. Then
at the solution to [RP-1]:

(i) if the firm adopts the new capital structure, it anticipates strictly positive profit, but
receives the minimum feasible profit if it experiences financial distress (i.e., Ry = Ko— S+

C—A, Rd:Bd_F# and 4L = pLEd+[1_pL]Rd_(KO_S)_C >0),

érlp—pL]’
(i1) the firm’s ex ante expected profit is exactly the profit it could secure without learning p

and always implementing either the original or the new capital structure (i.e., 1 = py Ry +
[1—p0]R0—K0—C = ﬁEd+[1_ﬁ]Rd_(KO_S)_C)7 and
(iii) after learning p, the firm strictly prefers to implement the new capital structure

when p = pr and to implement the original capital structure when p = py (i.e., pr R, +

[1—=pr]Ra+S > poRy+[1 —po| Ry and po Ry+[1—po| Ry > pu Ry+[1—pu] Rq+S ).

10See Kornai (1986) and Kornai et al. (2003) for discussions of the origins of and problems with such “soft
budget constraints.”
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Proposition 2 reflects the following considerations. To provide the firm with the strongest
incentives to determine when the more highly leveraged capital structure should be adopted,
the regulator sets R, to impose a large penalty on the firm when it experiences financial
distress under the new capital structure. The regulator also sets Ry to allow the the firm
to recover its entire information acquisition cost (k) when it implements the new capital
structure. In particular, Ry is set to ensure 7y, = prp Ry+|[1 — pr] Ra—(Ko—S)—C = %
This profit of %, coupled with zero profit when the firm adopts the original capital structure
(i.e., mo = poRy+[1—po] Ro — Ko — C = 0) generates zero ex ante expected profit for
the firm (i.e., @ = ¢ mar + dymo —k = ¢y mar, — k =0).

A reward structure of this form can induce the firm to learn p without ceding any ex ante
rent to the firm when the maximum penalty that can be imposed on the firm is sufficiently
large (i.e., when A > Ap). In this case, the regulator can set R, sufficiently far below R, to
ensure that the firm would anticipate negative profit if it adopted the new capital structure
without learning p (i.e., to ensure 7y = pR;+[1— DRy — (Ko —S) —C < 0).!
Therefore, the firm will not be tempted to adopt the new capital structure unless it knows
that p = pr.

When A is smaller (i.e., when A < Ap), the regulator cannot reduce R, sufficiently far
below R, to ensure that the firm: (i) recovers cost k& when it learns that p = p;, and adopts
the new capital structure; but (ii) anticipates negative profit if it adopts the new capital
structure without learning p. In this case, when the regulator sets Ry and R, to ensure
that the firm is able to recover k& when it adopts the new capital structure after learning
that p = pr, she (unavoidably) delivers additional rent my, = % + Ar — A to the firm.
The regulator is then compelled to deliver the same incremental rent to the firm under the
original capital structure (79 = Ap — A) to ensure that the firm does not simply always
adopt the new capital structure without learning p. As a result, the firm’s ex ante expected

profit increases dollar for dollar as the maximum penalty that the regulator can impose on

HObserve that w4, — 7q = [p — pr][Ra — R, ], which is increasing in Ry — R, .
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the firm declines below Ap. In essence, the firm enjoys the full benefit of any reduction in
the regulator’s ability to penalize the firm, provided the regulator continues to induce the
firm to undertake the efficient capital structure policy.

These observations are recorded formally in Corollary 3.

Corollary 3. Suppose A < Ap, so the full-information outcome is not feasible. Then at
the solution to [RP-1]:

(i) w(A), the firm’s expected profit, given A, is Ap — A ;

(i) mo(A) (= poRy+[1—po] Ro— Ko— C ), the firm’s expected profit if it ultimately
adopts the original capital structure (after learning that p = pg), is also Ap — A ; and

(111) mwar(A) (= pLRy+[1—pr]Ra— (Ko —S) — C ), the firm’s expected profit if it

ultimately adopts the new capital structure (after learning that p = pr), is Ap — A+ % )

The systematic increase in the firm’s rent as A declines below Ap at the solution to [RP-
I] implies that regulator eventually finds it prohibitively costly to induce the firm to learn p.
Once A declines below a critical level, the regulator no longer attempts to motivate the firm
to learn p. Instead, she simply instructs the firm to implement the original capital structure.
The efficient capital structure policy would generate greater surplus. However, when limits
on the penalties that can be imposed on the firm make it unduly costly to induce the firm
to pursue this policy, the regulator optimally employs her own limited information to choose
the firm’s capital structure and denies the firm any choice among capital structures. This

conclusion is recorded formally in Proposition 3.

Proposition 3. The regulator will afford the firm a non-trivial choice between capital struc-
tures (and induce the firm to learn p) if A > A=Ap— (¢S —(pr —po) D] —k). In
contrast, the requlator will instruct the firm to always operate with the original capital struc-

ture if A < A.
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Corollary 4. The range of penalties ( Ap— A ) for which the firm earns rent as it is optimally
optimally induced to undertake the efficient capital structure policy: (i) increases as S or

¢, increases; and (ii) decreases as pr, D, or k increases.

Corollary 4 reflects the following considerations. Recall from Corollary 3 and Proposition
3 that the firm’s rent increases dollar for dollar as A declines between Ar and A. There-
fore, Corollary 4 identifies the factors that render the regulator willing to concede greater
rent to the firm in order to induce it to pursue the efficient capital structure policy. This
policy generates greater expected surplus when the new capital structure provides a more
substantial reduction in capital costs (so S is larger), when it is less likely to produce fi-
nancial distress (so py, is smaller), and when the social cost of distress (D) is smaller. The
efficient capital structure policy is also more valuable when it is less costly to deliver (so k
is smaller) and when the new capital structure is relatively likely to entail the small distress
probability (so ¢, is larger).

Because the regulator affords the firm no choice among capital structures when the max-
imum penalty that she can impose on the firm (A) is below 3, the firm’s equilibrium profit
is a non-monotonic function of A. Recall from Proposition 1 that when A exceeds Ap, the
regulator is able to limit the firm’s ex ante expected profit to zero even as she induces the
firm to pursue the efficient capital structure policy. Also, recall from Corollary 3 that as A
declines below Ap, the regulator optimally continues to induce the firm to learn p, but is
forced to cede some rent to the firm. As Figure 1 illustrates, this rent continues to increase
as A declines further below Apr until A reaches the critical value, A. When A is less than
ﬁ, the regulator finds it unduly costly to undertake the efficient capital structure policy. In-
stead, the regulator simply instructs the firm to operate under the original capital structure,
and does not afford the firm any choice among capital structures. The firm secures no rent
in this case.

The implications of this regulatory policy for the firm’s equilibrium profit are summarized

formally in Corollary 5.
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Corollary 5. The firm’s equilibrium ex ante expected profit, 7*(A), its equilibrium expected
profit when it implements the original technology, m§(A), and its equilibrium expected profit

when it implements the new technology, 7l (A), are all non-monotonic functions of A. In

particular: N
0 if A < A
T(A) = Ap—A  if A e [A, Ap]
0 if A > Ap.

Furthermore, m§(A) = 7*(A) and 7 (A) = 7%(A) + %

Corollary 5 implies that although the firm benefits when the penalties that it can be
forced to bear are limited, the firm does not wish these penalties to be too limited. When
the regulator is unable to impose meaningful penalties on the firm, she optimally rescinds
the firm’s discretion to choose among capital structures, and thereby eliminates the rent
that the firm can otherwise secure from its privileged ability to discern the prevailing risk of
financial distress under the new capital structure.!?> When she can impose more substantial
penalties on the firm, the regulator affords the firm some discretion in choosing its capital
structure, and provides some rent to the firm in order to induce it to use this discretion in
the best interests of consumers.

A regulated firm may sometimes be able to enhance a regulator’s ability and incentive to
impose moderate financial penalties by posting a moderate financial bond. If the firm posts
the bond when its revenues exceed its costs, then the act of posting the bond is unlikely
to jeopardize the firm’s financial integrity or limit its ability to deliver uninterrupted, high-
quality service to consumers. Then, should financial distress arise under the new capital
structure, the regulator can use the bond to ensure that scheduled debt payments are made,
and thereby avoid a costly, disruptive bankruptcy. The firm suffers a financial penalty when

it experiences financial distress under such a policy, and so is inclined to pursue the efficient

2Lewis and Sappington (1995) also find that a regulator may optimally decline to offer a regulated firm a
choice among capital structures. This behavior reflects the regulator’s risk aversion, though, rather than
a limited ability to impose substantial penalties on the regulated firm.
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capital structure policy. However, the penalty does not introduce costly service disruptions
that the regulator seeks to avoid, and so the regulator may fulfill the threat to impose the
penalty. Such a credible threat can encourage the regulator to offer the firm a meaningful

choice among capital structures, to the benefit of consumers and the firm alike.

5 Conclusions

We have examined the optimal design of regulatory policy in settings where the regulated
firm can acquire privileged knowledge of the likelihood that a new, more highly leveraged,
capital structure will result in financial distress. We found that if the regulated firm can
acquire this information costlessly, then the regulator typically can simply adjust the firm’s
authorized revenues to reflect the firm’s realized capital costs. Such a policy induces the firm
to adopt the new capital structure if and only if doing so increases the difference between
expected social benefits and social costs.

It is more challenging for the regulator to induce the firm to acquire superior knowledge
of capital structure risk when this knowledge is costly for the firm to acquire. However, if
the regulator can credibly threaten to punish the firm severely should it experience financial
distress, the regulator can induce the firm to acquire the valuable information and employ
it to adopt the more highly leveraged capital structure if and only if doing so generates
incremental expected benefits in excess of incremental expected costs. Furthermore, the
regulator can do so without ceding any rent to the firm. Some sacrifice of rent is required
when the regulator has more limited ability to penalize the firm. If this ability is sufficiently
limited, the regulator will not afford the firm any choice among capital structures. Instead,
she will simply forbid the adoption of the more highly leveraged capital structure.

The optimal regulatory policy affords the firm no rent if the financial penalties it can
be forced to bear are very large or very small. In contrast, the firm secures rent when
these penalties are intermediate in magnitude. Therefore, consumers and the firm both

gain when the firm can credibly promise to sustain a moderate loss should it experience
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financial distress. Such a promise can be facilitated if the firm posts a financial bond that
it agrees to forfeit should it experience financial distress after adopting a relatively risky
capital structure.

Several extensions of our model await future research. For instance, a richer set of
capital structures might be admitted and the quality of the firm’s information might vary
continuously with the firm’s information acquisition effort.!® In addition, the firm might be
able to undertake activities that enhance revenues or reduce production costs or otherwise
limit the likelihood of financial distress. Furthermore, the optimal simultaneous design of
capital structure and retail pricing structure might be considered. De Fraja and Stones
(2004) and Cowan (2013) analyze such simultaneous design in settings where the regulated
firm is fully informed about the risks inherent in potential capital structures. The authors
find that price cap regulation typically does not produce an optimal price structure even
when consumers are risk averse. Retail prices that track realized production costs to some
extent are desirable because they reduce the risk borne by investors and can reduce the cost

of capital.'*

13Szalay (2009) develops useful analytic techniques in this regard.

14See Cowan (2004) for related observations.
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Appendix

Proof of Proposition 1.

First suppose A < Ap. It can be shown (see Proposition 2) that under the reward
structure that minimizes the firm’s expected profit while inducing the firm to incur k to

learn p:
R, = C+Ky—S—A, and (11)

poRy+[1—po]Ro = PRy, +[1—p|Rs+S. (12)

If the full-information outcome is feasible, then (4) must hold as an equality. Therefore,
when (11) and (12) hold:
¢ prBy+ (L —pr) Ra+ S|+ ¢y lpo By + (1 —po) Ro] =k = Ko+ C
& o {pL[C+Koy—S—A]+[1—pr]Ri+ S}

+ op{P[C+Ko—S—A)+[1-P|Ry+S} = Ko+C+k

& |oppr+éup|[C+Koy—S|—[dppL+oup|A

+ (¢ (1—pr) +¢g(1—p)|Rs = Ko—S+C+k

& [1=¢rpr—oup]Ra

= [1—¢ppr—¢up ] [Ko—=S+Cl+[¢rpr+oup | A+k

s Ry = Kg—S+0C+ =~ =~
a ‘ 1—¢LPL_¢HP 1_¢LPL—¢HP

If the full-information outcome is feasible, then it must be the case that the uninformed
firm receives non-positive profit when (11), (12), and (13) hold, so:
PRy+[1-pJRi—(Ky—85)—C <0

k
1- ¢LPL - ¢Hf5

& P[Ke—S+C—Al+[1-p]{Ko—S+C+

¢rpL+ dy p
+ ~|A}Y < Kg—S+C
1—¢LPL—¢HP } °
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[1-plk +[1—§][¢LPL+¢H§]A <

& —pA+ — .~
1—¢rpL—ouD 1 —¢rpL — oD

& Alp(l—d¢rpr—0¢up)— 1 —=Dp)(¢rpe+oup)] = [1-Dlk
< A[ﬁ_d)LpL_quﬁ} > [1_ﬁ]k

& Alp(A—¢y)—dérp] > [1-plk & A > (14)

Hence, by contradiction, the full-information outcome is not a feasible solution to [RP-I] if

[1-plk  _
A< g5 = A

To show that the full-information outcome can be secured when A > Ap, suppose
the regulator sets R, as in (11), R4 as in (13), and R, and R, as in (12). Then, by
construction, the informed firm secures exactly 0 expected profit. Furthermore, (14) ensures
that the uninformed firm secures negative profit, so the firm will prefer to become informed.
In addition, since Ry > R,;, (12) ensures that the informed firm will implement the new

capital structure if and only if p = p;,. B

Proof of Corollary 1.

It is apparent that Ap = ¢L[ [1};13 ];fL] is increasing in k. Furthermore:
op 0 op 0
_— = — + = d — = — + = )
Opm Opm {¢L PL + ¢y P } ¢y an oL, oL, {¢L pL+ Oy pH } o,
Therefore:
IAp s . - < 0?7) _. Op dp
= — —— | —-[1=p]=—— = —[1— —_— = - 1-— < 0;
Opn [p pL} Opn [ p ] Bpn [ pL] B o [ PL]
and
OAp ~ < 85) - { aop ] op ~
= — — | =1~ — =1 = —]1-— — 41—
:1—5_¢L[1_pL] :1_¢L_¢HPH:¢H[1_Z9H] >0. N
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Proof of Corollary 2.

Proof. Follows immediately from the statement of Proposition 1. W

Proof of Proposition 2.

Let A, Aoy Aas AL, Ams &os § o’ 4, and & p denote the Lagrange multipliers associated with

the constraints in (4), (5), (6), (7), (8), (9), and (10), respectively. Then the necessary

conditions for a solution to [RP-I] include:

R()I —¢H[1—po][l—/\—)\o—Ad]—[l—po][)\0+)\L—/\H]+§O = 0,
Ry: —dgpo[l—=A=Xo—Aa]=po [Ao+ AL —Au]+¢, = 0;
Ryt = ¢p[1=pe][1=A=Xo— ] = N[ =P ]+ A [1—pr]

— Au[l—pu]+& = 0; and

Ry: = ¢ppr[l=A=A—Xa]=AD +Aepr—Ampu +§, = 0.

Summing (15) and (16) provides:
—op[l=A=X—A] = do— A +Aw+§+E, = 0.
Summing (17) and (18) provides:
—¢p[1=A=Xo— M| =N+ AL —Ag+§+E, = 0.
Summing (19) and (20) provides:
A= 1- [50+§0+5d+§d .

Furthermore, (15) and (16) imply:
o _ %

I —po Po.

In addition, (17) can be written as:

1 P 1 p
— ¢, [1 =\ — — — ¢ o
L[ )\] )\H|:1 L:| )\d|:1 . L:| L)\O )\L

§a

1—-pr

(15)

(16)

(19)

(20)

(21)

(22)
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1—pH} {1—1711} §a
= ¢ [1-A]-A A T+ do+ A+ — 0. (23
011 = A=A | 7222 <o | 22| o da e+ 2 23)

(23) reflects the fact that:

1—p 1 - 1
1_;;_¢L = 1_pL[1_p_¢L(1_pL” = l_pL[1_¢LPL—¢HPH_¢L+¢LPL]

= ! [1— ¢, — bypul :¢H{

1—-pr

1_pH]
1—pg '

Similarly, (18) can be written as:

g
—qu[l—)\]—)\Hp—H —)\d{ﬁ—(bL] —i—gbL)\o—i-)\L—i-_—d =0
PrL pL PrL

§
= o[- Al =M o P b p h+ AL+ 2L = 0. (24)
PL br Pr

(24) reflects the fact that:
P p
= —¢, = —[dppL+bupr—drpL] = Sy—.
pr Pr pL
(23) and (24) imply:
2d _— _~d —_ 25
PL 1 —pL pr(l—pi] (#)
(25) reflects the fact that:
pa  1—pu 1 PH — DL
b - 1—pr)—pr(1— — pnTPL
pr 1—=pL pL[l—PL][pH( pr) = oo (1= pm)] pr(l—pr]

Observation 1. A, =0 and pLr R, +[1—pr|]Ri+S > poRy+[1—po]| Ry -
Proof. (5) can be written as:

k
prRy+[1—pr]Ra+S > poRy+[1—po]Ro +¢— (26)
L

= pLR;+[1—pr]Ri+S > poRy+[1—py]Ry = A =0. N (27)

Observation 2. Ay = 0 and poRy+[1—po]Ro > puR;+[1—pu|Ra+S.
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Proof. Suppose Ay > 0. Then (8) implies:

poRy+[1—po]Ro = puR;+[1—pu|Ra+S.

Therefore:

O [PLBy+ (L —pr) Ra+ S|+ ¢y [po By + (L —po) Ro| — k
= ¢plpL By + (1 —pr) Ra+ S|+ ¢ [pn By + (1 — pu) Ra+ S| —k
= [¢rpr+¢upulBy+ 10, (1 —pr)+éu (1 —pr)| Ra+ S —k
=pR;+[1-Dp|Ri+S—k < pR;+[1—-p|Rs+S. (28)

(28) contradicts (6). Therefore, Ay = 0. W

Observation 3. 7y, = pp Ry+[1—pr|Re— (Ko —S)—C > 0.

Proof. Suppose pr R;+[1 —pr]Ra+S < Ko+ C. Then (4) implies po Ry+[1 — po] Ro >
Ky + C. Therefore:

prRy+[1—pr]Ri+S < Ko+C < poRy+[1—po]Ro. (29)

(29) implies that (7) does not hold, and so the proof is complete, by contradiction. W

Observation 4. Ry > R; > Ko+C —-S—-A.

Proof. (8) and (27) imply:
prRy+[1—pr|Ra+S > poRy+[1—po]Ro > puRy+[1—pu|Ra+S

= [pH_pLHRd_Ed] > 0 = Ry > Ed' |

Observation 5. £; = 0.

Proof. Suppose {; > 0. Then ¢, > 0, from (25). Consequently, Ry = R; = Ko+ C —

S — A, which contradicts Observation 4. W
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Observation 6. ¢, = §{ = 0 and max {Ro, Ry} > Ko+ C —A.

Proof. Suppose §;, > 0 or { > 0. Then § > 0 and { > 0, from (22). Therefore,
Ry = R, = Ko+ C — A. Consequently, from (8):

Ko+C—-A > pgRy+[1—pu|Rs+S > Rj+S > Kog+C—A. (30)
The strict inequality in (30) reflects Observation 4. The last inequality in (30) reflects (10).
|

Observation 7. If the full-information outcome is not feasible, then A < 1.

Proof. Suppose A = 1. Then §, = { = &{; = {, = 0, from (21). Therefore, from (20):
QﬁL[)\O‘i‘)\d]‘i‘)\L = MN+Ag = X = 3 )\d—l-qb—[)\H—)\L]. (31)
L L

Also, (18) implies:

GrpL Mo+ Aal —NaD +Appr —Augpy = 0

_ | pP—ope 1 PH
= X = |: gprL } Aa + gbL {/\H . )\L] . (32)
(31) and (32) imply:

p— ¢1prL 1_¢L} 1 {PH ]
— M+—|—==1|Ag =0 = N = g = 0. 33
¢ PL or I op L pr H I " ( )

The implication in (33) reflects the fact that Z ;j’; L > 1;

If \qy = Ay = 0, then )y = _é)‘L from (31). Therefore, \y = A, = 0. Conse-

Ld)L since p > pr.

quently, (4) is the only constraint that binds at the solution to [RP-I], which implies that

the full-information outcome is feasible. W

Observation 8. )\ > 0 when the full-information outcome is not feasible.
Proof. Suppose Ay = 0. Then from (17) and Observations 1 and 5:
—¢p[L=pr][1=A]=Xa[1 =P =, (1 —pr)] = Au[l—pu] = 0. (34)

(34) implies \y = Ay = 0 and A\ = 1, since:
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1=p—¢p[l—pr] = 1=¢ppL—dppu—dp+dppr = dp[l—pu] > 0. (35)
Therefore, each of the three terms in (35) is non-positive, and so each term must be 0 since

their sum is 0. But from the proof of Observation 7, the full-information outcome is feasible

when A =1. R

Observation 9. )\; > 0 when the full-information outcome is not feasible.

Proof. Suppose A\; = 0. Then from (19) and Observations 1, 6, and 8:
—p[1=A=Xo]=X—Ar+Ag =0 = Ay = ¢dg[l—=A]+[1—dg]A > 0. (36)

The inequality in (36) contradicts Observation 2. W

Observation 10. R; = R, + when the full-information outcome is not feasible.

_k
¢rlp—pL]
Proof. From (5), (6), and Observations 8 and 9:
poRy+[1—po|Ry = pR;+[1—p|Rs+S; and (37)
7= pR,+[1—F]Ry— (Koy—S)—C. (38)
(37) and (38) imply:
¢ pr Ry + (1 —pr)Ra+ S| +dypRy+(1—D)Ra+ S|k

=pR;+[1-p|Rs+ S

= ¢plprBy+(1—pr)Ra+S] = k+[1—-9¢yl[pRy+(1—p)Ry+ 5]

k k
= [p—pe|Ra = [p—p]By+— = Ry = Rj+———. N
[P —pr] Ra [P —pr]Ry . d 4 6. 1P — pr]
Proof of Corollary 3.
From conclusions (i) and (ii) in Proposition 2:
m(A) = mo(A) = pBy+[1-p]Ri—(Ky—5)-C
pR,+[1—D]|R;+ i (Kp—98)—-C
=P Pl Byt = | — (Ko=) —
o oL (P - pr) ’
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- k
:Edﬂl_p]{m}_(%_s)_c
_ R1-P]  _ A
= At oS = Ar- A

Furthermore, since m(A) = ¢; mar(A) + ¢ mo(A) — k and 19(A) = 7(A):
k

quﬂ'dL(A) = [1—¢H]7T(A>+k = WdL(A) = W(A)+¢—L

Proof of Proposition 3.

Proof. (2) implies that the social value of inducing the firm tolearn pis ¢; [ S — (pr — po ) D].
When A € [ﬁ, Ar ], the regulator’s cost of inducing the firm to learn p is k+7(A). There-

fore, the regulator will induce the firm to learn p if:
¢p[S—(r—po)D] > k+7(A) = k+Ar—A (39)
s A > AF_gbL[S_(pL_pO)D]

The equality in (39) reflects Corollary 3. H

Proof of Corollary 4.

From Proposition 3, Ap — A = &[S —(pL —po) D] — k. Tt is apparent that this
expression is increasing in S and decreasing in p;, and k. The expression is also decreasing

in D, since p;, > po. (2) implies that the expression is increasing in ¢,. W

Proof of Corollary 5.

Proof. The proof follows immediately from Proposition 3 and Corollary 3. H
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Profit

Figure 1. The Firm’s Ex Ante Expected Profit (z*(A) ) and its Profit when p = p;
(1, (A) ) under the New Capital Structure.



References

Bortolotti, Bernardo, Carlo Cambini, Laura Rondi, and Yossef Spiegel, “Capital Structure
and Regulation: Does Ownership and Regulatory Independence Matter?” Journal of Eco-
nomics and Management Strategy, 20(2), Summer 2011, 517-564.

Braeutigam, Ronald and John Panzar, “Effects of the Change from Rate-of-Return to Price
Cap Regulation,” American Economic Review, 83(2), May 1993, 191-198.

Cowan, Simon, “Optimal Risk Allocation for Regulated Monopolies and Consumers,” Jour-
nal of Public Economics, 88(1-2), January 2004, 285-303.

Cowan, Simon, “Network Regulation,” Ozford Review of FEconomic Policy, 22(2), Summer
2013, 248-259.

Cox, Jonson, “Observations on the Regulation of the Water Sector,” Lecture to the Royal
Academy of Engineering, March 5, 2013 (www.ofwat.gov.uk/mediacentre/speeches/prs_spe
20130305jcrae.pdf, accessed September 23, 2013).

Crémer, Jacques, Fahad Khalil, and Jean-Charles Rochet, “Contracts and Productive Infor-
mation Gathering,” Games and Economic Behavior, 25(2), November 1998, 174-193.

Crew, Michael and Paul Kleindorfer, “Incentive Regulation in the United Kingdom and the
United States: Some Lessons,” Journal of Regulatory Economics, 9(3), May 1996, 211-226.

Crew, Michael and Paul Kleindorfer, “Regulatory Economics: Twenty Years of Progress,”
Journal of Regulatory Economics, 21(1), January 2002, 5-22.

De Fraja, Giovanni and Clive Stones, “Risk and Capital Structure in the Regulated Firm,”
Journal of Regulatory Economics, 26(1), July 2004, 60-84.

Harris, Milton and Artur Raviv, “A Theory of Capital Structure,” Journal of Finance, 46(1),
March 1991, 297-355.

Jensen, Michael and William Meckling, “Theory of the Firm: Management Behavior, Agency
Costs, and Capital Structure,” Journal of Financial Economics, 3(4), October 1976, 305-360.

Kornai, Jénos, “The Soft Budget Constraint,” Kyklos, 39(1), March 1986, 3-30.

Kornai, Jdnos, Eric Maskin, and Gérard Roland, “Understanding the Soft Budget Con-
straint,” Journal of Economic Literature, 41(4), December 2003, 1095-1136.

Lewis, Tracy and David Sappington, “Optimal Capital Structure in Agency Relationships,”
Rand Journal of Economics, 26(3), Autumn 1995, 343-361.

Lewis, Tracy and David Sappington, “Information Management in Incentive Problems,”
Journal of Political Economy, 105(4), August 1997, 796-821.
26



OFWAT, Companies’ Performance 2012-2013. 2013 (www.ofwat.gov.uk/regulating /reporting/
rpt_los2012-13financial, accessed September 24, 2013).

OFWAT, Financial Performance and Expenditure of the Water Companies in England and
Wales 2000-01. 2001 (www.ofwat.gov.uk/regulating/reporting/rpt_fpr 2000-2001.pdf, ac-
cessed September 23, 2013).

OFWAT, Financial Performance and Expenditure of the Water Companies in England and
Wales 2009-10. 2010 (www.ofwat.gov.uk /regulating/reporting/rpt_ fpe 2009-10.pdf, accessed
September 23, 2013).

Ross, Steven, “The Determination of Financial Structure: The Incentive-Signalling Ap-
proach,” Bell Journal of Economics, 8(1), Spring 1977, 23-40.

Sappington, David, “Price Regulation,” in The Handbook of Telecommunications Economics.
Volume I: Structure, Requlation, and Competition, edited by Martin Cave, Sumit Majumdar,
and Ingo Vogelsang. Elsevier Science Publishers, 2002, pp. 225-293.

Sappington, David and Dennis Weisman, “Price Cap Regulation: What Have We Learned
from 25 Years of Experience in the Telecommunications Industry?” Journal of Regulatory
Economics, 38(3), December 2010, 227-257.

Spiegel, Yossef, “The Capital Structure and Investment of Regulated Firms under Alternative
Regulatory Regimes,” Journal of Regulatory Economics, 6(3), September 1994, 297-319.

Spiegel, Yossef and Daniel Spulber, “The Capital Structure of a Regulated Firm,” Rand
Journal of Economics, 25(3), Autumn 1994, 424-440.

Spiegel, Yossef and Daniel Spulber, “Capital Structure with Countervailing Incentives,” Rand
Journal of Economics, 28(1), Spring 1997, 1-24.

Szalay, Dezso, “Contracts with Endogenous Information,” Games and Economic Behavior,
65(2), March 2009, 586-625.

Vogelsang, Ingo, “Incentive Regulation and Competition in Public Utility Markets: A 20-
Year Perspective,” Journal of Regulatory Economics, 22(1), July 2002, 5-27.

27



	Capital Structure Text 10-5-13
	Profit Figure
	Capital Structure Refs 10-5-13

