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Abstract

It it is well known in the theoretical literature on deregulation, than any in-
formative signal will be used to give the firm appropriate incentives. This paper
presents a model of deregulation that draws on the multi-task model of Holm-
strom and Milgrom (1991). Sufficient conditions are derived for deregulation
to be optimal despite the existence of a signal that contains information about
the firm’s activity. The conditions ensure that there is an adverse response by
the firm whenever the regulator tries to use the signal for incentives.

“...now it is fairly clear; if reality does not determine the measured value, at least
the measured value must determine reality...”

Schrodinger !

1 Introduction

Regulation has a bad name amongst businessmen. To the outside observer, this
might suggest that managers are not happy because when the company is induced
to follow social objectives, its profitability is reduced. An alternative explanation is
that regulation can sometimes lead mangers to spend time on paperwork and report
manipulation at the expense of business efficiency.

The traditional economics literature provides limited support for the latter expla-
nation. In models where the regulator is able to observe and verify the firm’s major
activities, regulation always leads to a social improvement. The textbook example of
this result is marginal cost pricing in a regulated monopoly. A modified form of such

a pro-regulation conclusion can be drawn from the substantial literature on regulation

*Thanks to Joshua Gans for suggestions. I am grateful to Stephen King for work and discussion
on a related paper that provided the inspiration for the present piece. This paper also benefitted
greatly from a thorough read and comments by Billy Jack and Katya Sherstyuk. Remaining errors
are my Own.

1John. D. Trimmer: “The Present Situation in Quantum Mechanics: A Translation of
Schrodinger’s “Cat Paradox” Paper, Proceedings of the American Philosophical Society, 124, 323-38.



under private information, well represented by Baron and Myerson (1982), and sum-
marized in the well known book by Laffont and Tirole (1992). Similarly, the classical
principal - agent model of moral hazard (for example Holmstrom (1979), and Shavell
(1979)) tells us that any informative signal of the productive actions of a manager is
a valuable tool in controlling that action. Extensions such as Baker (1992) in which
the principal’s objective is different to the performance measure, confirm the basic
result (applied to regulation); in the second best, a regulator will always wish to use
an informative signal to influence the firm. Given these results, it seems difficult to
conclude that deregulation can ever be a good idea!

This paper provides an analysis of why it may not always be optimal for a regulator
to use a signal that contains information about firm production. The model is based
on three key ideas. First, the information used to regulate a firm is usually provided
at least in part by the regulated firm itself. Second, firms can — and typically do —
distort this information to their own ends. Third, while aware of this manipulative
activity, the regulator is often unable to verify their suspicions in court.?

With these ideas in mind, it is assumed that a representative manager in a firm
has two tasks. She can spend time improving the organization of her part of the firm,
and generate an innovation that increases output, and she can spend time thinking
of ways to manipulate the firm’s performance signal. To allow for complete general-
ity, the two tasks are allowed to range from being substitutes to being complements
in the representative manager’s personal effort technology. For example, they are
substitutes when manipulation has no productive value, and simply takes time away
from the manager’s effort towards output-increasing innovations. This is likely to be
the leading case. However, they may be complements when, for example, manipu-
lation improves the manager’s understanding of the innovative task. In either case,
the regulator is able to observe a signal of firm output that depends on true output
innovation, and on the effort directed towards manipulating a performance signal.
Neither task can be directly verified by the regulator.

The results that emerge from this model provide a robust mormative theory

20ne of the perennial problems that regulators face, is that the target firm itself is a primary
source of the information on which regulation is based. Such a reliance by regulators brings with it
the risk of self-serving behavior by firm insiders. There is a growing empirical literature in accounting
that has found evidence of manipulation by executives. Healy (1985) and Holthausen et al (1995)
have shown that managers on bonus plans manipulated earnings to increase the present value of
their plan payments. Llewellen et al (1996) demonstrate that managers also strategically disclose
information to manipulate cross-firm stock performance comparisons. The paper by Fisher and
McGowen (1983) discusses the unreliable nature of accounting measures of profit. Albon and Kirby
(1983) find evidence of manipulation of costs in Australian regulated firms. According to Spulber
(1989) “The complicated pricing formulas employed by regulators allow for considerable discretion
at each step. Thus, consumer or firm interest groups may have significant influence on the rates
that are ultimately chosen, if they can affect the decisions made in the application of the pricing
formula” (Spulber (1989) page 274, paragraph 2).



deregulation.® Suppose the regulator wants to encourage the firm’s productive in-
novation in an area that generates a positive externality. The primary example of
this situation is regulation of a monopoly that produces too low a level of output.
Among other results, it is shown that if manipulation (or distortion) effort and out-
put innovation effort are strong enough substitutes relative to the rate of increase of
marginal manipulation costs, regulation is not optimal. Regulation always encourages
a reduction in the innovative activity, because it is crowded out by manipulation ac-
tivity. Suppose instead that the regulator wants to discourage an activity that causes
a negative externality. If manipulation effort and innovation are strong enough com-
plements relative to the increase in marginal manipulation cost, then de-regulation is
also optimal. Regulation is optimal for cases between relatively strong substitutes and
complements. The results are robust to situations where the degree of substitutabil-
ity between manipulation and productive innovation is small, because substitutability
need only be high relative to the rate of increase of marginal manipulation costs. This
feature is explained in detail below.

The current paper combines insights from Holmstrom and Milgrom’s 1991 and
1995 papers (hereafter HM), on multi-task agency with those from regulation. There-
fore, we include a discussion of HM and its applicability to the question of deregu-
lation. The results mentioned (and the others contained in the paper) avoid the
fragility of HM.* The paper concludes with applications of the model to rate of re-

turn regulation, R&D subsidies, and pollution regulation.

2 Model

2.1 Basic Assumptions

Consider a private firm run by a manager M. The manager selects a production
variable x € R, that can be interpreted as effort towards productive innovation.
The variable x has two effects. One is to determine the addition to private asset
value or profits a : R, — R,. The other is to determine the level of an external
benefit b : Ry — R. By definition, the private benefit is captured directly by the
manager M, but the external benefit is experienced by some parties outside the firm.

The function b is strictly monotonic, and a is assumed to be concave and C?.

3Deregulation might be optimal in a positive model where the regulator is captured by the
regulated firm, as in the private interest theory of regulation begun by Stigler. The results in this
paper are stronger, in the sense that they hold even when the regulator has social welfare as an
objective.

4For example, to obtain deregulation results, the multi-task model would require knife-edge
assumptions such as perfect substitutability between tasks. If tasks are imperfect substitutes, then
HM would predict that regulation is optimal, just as in the regulation literature. These issues are
discussed further below.



Some of the properties of these functions are left open, to allow a range of in-
terpretations. For example, the action x might increase a initially and decrease it
after some point. This interpretation of a is as a revenue or profit function associated
with innovative effort. The analysis also considers cases where a is everywhere in-
creasing or decreasing.” The action x might also increase or decrease b. An increase
constitutes a positive externality, and a decrease is a negative externality. The broad
interpretation of the situation is of a firm that generates an externality. A positive
externality might be created through positive spillovers to other firms through R&D
that benefit those firms without benefitting the original firm. A negative externality
might be created through pollution For example, the output innovation could reduce
the cost of production, increase output and so increase pollution. One other leading
interpretation is an anti-trust situation, in which a firm can take a monopoly action
x, receive private return a, and generate deadweight loss due to monopoly power of
b < 0. The externality here is actually positive, since an increase in the monopoly
action reduces deadweight loss. These applications will be discussed in section 3.3.

Given the external effect, a regulator R will be interested in influencing the firm’s
decision. R will want to induce an increase in the private level of x with a positive
externality, and a decrease in x with a negative externality. However, R has limited
instruments with which to achieve this. Regardless of interpretation, z, a and b
are assumed to not be (directly) verifiable in court. In other words, none of these
variables can be directly measured, and so cannot be used as a basis for regulation.
Instead, we assume that the regulator must rely to some extent on information that
can be influenced by M.

M’s ability to manipulate is captured in a simple way as follows. The report
depends on the true signal s, but can be influenced by the manager’s non-verifiable

report-manipulation effort m, according to the function
o=s(x)+1-m, (1)

The the marginal effectiveness of distortion effort (|-2Z|) is unity, and I € {—1,+1}
is the direction in which M wishes to distort the report. The function d = I - m
will sometimes be referred to as the “distortion function”. Note that the distortion
function is symmetric in the sense that with the same effort, M can choose to distort
the report above or below the true value by the same amount. Gale and Allen

(1992) have a measurement distortion function with the same symmetry property.®

5If a is assumed to be decreasing everywhere, I make assumptions to ensure the viability of the
firm. It is sufficient to assume that private return is A + a(e), and that M receives an increase in
human capital that covers the loss in a.

6Gale and Allen (1992) and Spier (1992) are insightful pieces that explain how asymmetric
information can lead to contractual incompleteness. The present paper explains how incomplete



Note also that an equivalent way of modelling the same distortion technology is to

" Therefore, while it might seem

let d be a continuous variable on the real line.
that I introduces a discontinuity in the firm’s payoff function, in fact, the distortion
technology is “smooth”.

Under these assumptions, s (and hence z), can be thought of as being partially
verifiable through the function ¢.® By partial verifiability, it is meant that the court
can be presented with evidence o that is suggestive of underlying value, but which
is not completely reliable, because of the efforts by M aimed at manipulating the

performance measure.’

2.1.1 The costs of productive effort and manipulation

The manager’s choices of z and m lead to non-verifiable costs given by ¢ : R2 — R,

with the following properties:

(P1) v is C? and strictly convex,
(P2) (i) ¢s(2°,0) = ¥m(2,0) =0 Vz >0, and 2° >0,

(ii) Yz (z,m) <0, x€[0,2°) and ¢,(x,m) > 0 Vz > 2°,¥Ym > 0,
(170) Ym(z,m) >0 ¥Ym >0,

(P3) (i) limg—. ¥ (z,m) = —00 Vm > 0; (i) imyg m | oo ¥u (T, m) = 00.

The first of these properties is standard. Taken together, properties (P1) and (P2)
imply that if faced only with the cost 1 (z, m), M will choose (z°,0) . From (P2)(ii),
the manager’s utility is increasing before the level 2°, but decreasing afterwards. This
can be interpreted as direct enjoyment of work, or that M benefits from an increase in

human capital, due to higher future wages.! From (P2)(iii), M is assumed to never

contacts can arise with pure moral hazard. However, the aim of this paper is mainly to develop
a theory of de-regulation applicable to different regulatory environments such as monopoly, R&D,
and environmental regulation.

“This alternative way of modeling the distortion technology presents about the same degree of
technical difficulty in solving the model.

8Pure (as opposed to partial) non-verifiability be captured in the present model by assuming
that the manager incurs no cost in choosing m. The degree of verifiability of s can be defined as the
accuracy measure |0 — s|. It is clear from the discussion above that verifiability will be determined
endogenously in the model.

9Note that verifiability is defined as information that the regulator can utilize, i.e that can be
presented as evidence. Thus, despite the fact that the regulator can calculate the underlying action
choices of the firm, it can only verify the manipulated performance measure o. In other words,
verifiability by the regulator of the signal ¢ is distinct from the ability of the court to calculate the
equilibrium values of x and m.

0[f ¢ < 0, then it is assumed that ¢ < 0, and a — ¢ > 0. This ensures that M will always wish
to operate the firm.



enjoy manipulating the asset value report for its own sake. Property (P3)(i) rules out
zero effort, and (i) and (ii) are useful for existence.

We assume a general form for the production technology of m and x. Therefore,
no restrictions have been made on the sign of the second order derivative 1,,,. If
Yem is positive, the marginal cost of manipulating reports v, increases with x. This
case could arise when the manager’s work time is limited, and she must allocate
available time between thinking of ways to produce more efficiently, and doing regu-
latory paperwork.!! For example, suppose the manager is an engineer, who is asked
to deliver technical evidence to the regulator. This takes time away from her task
of improving the technical efficiency of production. If 1., is negative, the marginal
cost of production innovation decreases with m. Such a situation could arise when,
for example, the effort m has a positive “learning by doing” effect on production
innovation x. The interpretation of 1, is not restricted to these examples, however.
Allowing .., to have any sign clearly admits a more general set of production pos-
sibilities than independent production v,,, = 0 of £ and m, and it is an empirical

question as to which case is applicable in different situations.

2.1.2 Regulation and residual rights

The discussion above makes it clear that the manager in the present model has the
residual right to manipulate the signal of productive activity through m, and to
choose x. The manager’s specialization in the day to day operation of the firm is the
source of these abilities. Ownership in this framework is defined as M having the
residual right to divert funds to herself. In other words, M is the first recipient of
the value a.!?> The regulator is only able to observe and verify a report o.

Denoting 7 as the manager’s payoff net of constant transfer payments, this char-

acterization of ownership yields

™= a(x) = ¢ (z,m) (2)

Net profits are gross profits less non-verifiable organizational effort costs.'?

HThat is, we could formulate the cost of effort as ¢(t), where ¢ = x + m is total time time spent
on the two tasks. Clearly with limited time 7', we would have lim;_,1 ¢(t) = co.

2There are several interpretations of the ability of a private owner to appropriate asset value.
The most simple case is where a is embodied in the physical asset concerned. Here, value can only
be realized on sale of the asset. It is assumed that the private manager has the right to conduct the
sale of the asset in any way she pleases, and is the initial recipient of the funds from sale. If a is
interpreted as the addition to profits from action x that are not embodied in the physical asset, we
imagine the private manager being the initial recipient of funds, and R only able to base transfers
or taxes on a manipulable report.

13Gtrictly speaking, this formulation of the manager’s payoff is based on the assumption that the
firm is owner-managed or closely held. To model the interaction between a regulator and a firm
that is owned by outside investors is and interesting topic for future research, but beyond the scope



2.1.3 Manager and government problems

To make the analysis as general as possible, we allow R to choose any mapping
t: R — R as payment to M . For example, ¢ could be any linear or non-linear tax
schedule, and can be discontinuous. Fortunately, analysis is made simple because
it is possible to restrict the set of contracts to forcing contracts, with absolutely no
loss of generality. Although regulation in practice might take the form of taxation
or some more complicated kind of regulation, the analysis in this paper proves that
such forms are equivalent to forcing contracts (See 3 in the appendix.!4). Forcing
contracts are particularly simple analytically, and we shall adopt them purely for
analytical convenience. The reader should be mindful that this is simply an analytic

device Therefore, we can focus on contracts of the form

‘o k  if o is observed
o — oo if o is not observed

(3)

Under (3) the manager solves

mask + a(z) — (. m) (4)
subject to
s(x)+1-m=o. (5)

Denoting the solutions as x*, m*, and I*, and noting that they are functions of o,

the planner’s problem is
max b(z*) + a(z™) — P(z*, m"). (6)

We shall denote the optimal regulatory regime found by the solution to problem
(6) as o*.

3 Solution and Results

Since R chooses o subject to M’s choice of efforts, it is natural to first solve for
M’s choice of (x,m, I) for given regulation o. The next step will be to solve for the

optimal regulation o*.

of the present paper. Such a paper would need to account for the dual principal problem faced
by regulators and outside owners. However, to the extent that the manager’s and outside owners’
desires are aligned, the present model also captures regulation in these situations.

1T am very grateful to my colleague and co-author Stephen King, who worked on this proof for
applications to a related model.



3.1 The manager’s problem

The manager’s problem can be simplified to (almost) a one dimensional problem by

substituting equation (5) in the objective function of (4). This yields
(1, z;0) = a(x) = p(x, I - (0 — s(x))) (7)
Differentiating (7) with respect to z yields first derivative
(1, 2;0) = d'(x) = (2,1 - (0 = s(x))) + () - [ - Ym (2,1 - (0 = 5(z)))  (8)
It is proven in the appendix that the solution (I*,z*,m*) to M’s problem satisfies

IL,(I*,z%0) = 0 9)

m* = I" (0 —s(z"))
provided that the condition

,2
Hm:a"+s”-1~zpm+2s’~1-¢m—(s> B — g < 0 (10)

holds for x € Ry, and I € {—1,+1}. ¢ is convex by (P1), S0 ¥, and ¢, are
positive. Also a” < 0. Therefore (10) will be satisfied if these terms are sufficiently
large.!®

Since the major goal of this paper is to find the optimal regulation (which includes
the possibility that it is optimal to have no regulation), we compare z* to some
benchmarks. Denote the output corresponding to R’s regulation when there is no
manipulation as z", that is " = s7!(¢). Define 2% = arg max{a(z) — ¢ (z,m)}, i.e.
the level that maximizes the unregulated firm’s profits.’® It is a simple comparative
statics exercise to compare x* to % and . Diagram 1 represents the first derivative
of M’s problem II, evaluated at different values of o. It is downwards sloping by the
sufficient condition (10), and II, (7, z"%; s*) attains zero at = = z* where s* = s(z*) is

the signal with no regulation. If a change in o shifts II, to the right, as does a change

5Uniqueness is guaranteed by strict concavity of the managers objective function.
16The solution is (z*,0) regardless of the sign of v,,,: The manager’s problem with no regulation
is
max a(x) — ¥(x, m),

which yields FOC’s
a'(z) — Y (x,m) =0
and
*wm(IV m) =0

From property P2(i), ¥.,(2,0) = 0 Vz, and from P2(iii), ¢, (2,m) > 0¥m > 0. Thus all critical
points of the problem satisfy m = 0. There is a unique solution z* to a/(z) — 1, (z,0) = 0, because
a’ <0, and ¥, <0, z #£0; a(e) — ¢¥(g,0) > 0 for € small, and a(n) — ¥ (n,0) < 0 for n large by P3.



Uin the diagram, then x* = 2*! > z%. If the change shifts II, left, as does o2,

to o
then z* = 2% < a2

To compare =" and x*, it is necessary to find the direction I* in which M wishes
to distort the report. The proposition below demonstrates that I* is chosen in a
predictable way. Suppose s is increasing. When o > s*, M will always want to distort
the report upwards, choosing I* = +1. When o < s*, then M wants to distort the
report downwards, i.e. I* = —1. Therefore if o > s*, and II,(—1,z% 0) > 0, the
situation is as depicted in diagram 1, with II, shifting right, and «* < z* < 2" . This

method of proof gives the proposition below, which summarizes the full set of results:
Proposition 1

(1) If(o0—s*)-s >0, then I*-s >0, and
i) a* <z <o iff I (I,2%0)>0;
(i) " <a*<am iff (1,2 0) <0.
(2) If (0 —s*) -5 <0, then I*- s <0, and
i) " <a" <z ff I, (,2"0)>0;
(i) 2" <a*<a* iff I,(I,2%0)<0.
Proof. See Appendix B
The choice of productive innovation effort  is in the expected direction for cases
(1)(i) and (2)(ii): In (1)(i), a naive manager who does not manipulate reports would
choose a higher level x = 2" of x than without regulation, and a sophisticated manager
also chooses a higher level x = 2* of = than z. In (2)(ii), both a naive manager and
a sophisticated one choose lower levels of x than without regulation. In cases (1)(ii)
and (2)(i), the situation is reversed. A sophisticated manager chooses effort on the
opposite side of x* compared with a naive manager. However, the choice of production
innovation goes in the opposite direction to the choice by a naive manager in (1)(ii)
and (2)(i).
Intuition for proposition 1 is aided by breaking the term II,(I,z"% o) into its
component parts, and considering how these parts change when regulation o is al-

tered. To do this, note from equation 8 that the change in x has two effects on profit
II(1,z,). One is a direct effect

a'(z) = u(x, I - (0 — 5())),

on asset value and effort cost. The other is the indirect effect of z on the cost of

manipulation effort through a change in m = I - (6 — s(x)). The indirect effect is
I-s'(z) m (2,1 - (0 = s())).

9



Now imagine changing o starting at the point o = s*, noting that a’(z") = ¥, (z",0),

and that I1,(/,2%; o) vanishes at 0 = s*. The change in the direct effect is
By = = [t (21 - (0 = 8%)) = 9a (2%, 0)]

Thus, A, is the effect of a rise in m on the marginal cost of x. If x and m are
substitutes (g, > 0), then A, is positive, and if they are complements (¢, < 0),

then A, is negative. The change in the indirect effect is
I-8(z") A,

where
Ay = Uy (21 - (00— 8%)) — (2, 0)

is the impact of a rise in m on the marginal cost of m, and —1I - §'(z*) captures the
change in m induced by a rise in z.!7 Note that A,, is always positive as ¥pm > 0.
However, the change in m induced by a rise in  depends on the slope of the signal
function and the direction of distortion. For example, suppose s’ < 0, and [ = —1,
then m falls, and if s’ < 0 with I = 1, then m rises. Combining the direct and indirect
effects yields

I (I,x%0) = —Ay +1-5(z")- Ay (11)

Equation (11) is useful for intuition because it relates the properties of the orga-
nization to the optimal choice of x. Specifically, the properties of the organization
are captured by the degree of substitutability between x and m, A,, the effect on the
signal I - s'(z"), and the change in the cost of manipulation A,,. The choice of z is
given in Proposition 1.

To aid intuition, we assume throughout the rest of the paper that s’ > 0 unless
otherwise stated i.e. the signal is increasing in productive effort. First consider case
(1), in which ¢ > s*. Note that II,(+1,2%0) = —A, + I - §'(a*) - A,,. If x and
m are strong enough complements (A, < 0) so that the direct effect outweighs the
indirect effect, then II,(4+1,2%,0) > 0. Relatively strong complementarity means
that it is cheaper to meet the report by raising both x and m, so that z* < z* < z”
as in part (i). Alternatively, suppose that z and m are strong enough substitutes
(A; > 0) to outweigh the indirect effect. In this case, if the report is met with a
rise in m, the effect is to increase the marginal cost of x by so much as to induce
a fall in z. The innovative activity is crowded out. Thus we have z* < 2% < 2" in
part (ii). This result is interesting because M chooses a level of the activity in the

opposite direction to the activity level 2" targeted by the report o. It is important to

[ —g uw . . . . .
17Note that m = S5, SO Ajéx—l is the change in m induced by a rise in z at x = x%. Note also

that 1,,(z*,0) = 0 by property P2(i).

10



note that x and monly need to have strong cross effects relative to other effects. For
example, the smaller is A, (i.e. ¥m), the lower is the degree of complementarity or
substitutability needed for these results to hold.

Now consider case (2), where o < s*. Here, II,(—1,2%0) = —=A, — -5 (") - A,,.
Again, strong enough complementarity implies that I1,(—1,z%;0) > 0, and 2" < z* <
x* (part (1)), and strong enough substitutability yields z" < z* < z* (part (ii)). Part
(i) is distinguished by the fact that the activity is chosen in the opposite direction to
the target.

The important point of these results is that the organization of the firm’s two key
activities — productive innovation x and report manipulation m — changes because
of regulation. Relatively high complementarity leads to increases in x and m, and
relatively strong substitutability leads to decreases in x and increases in m. With
moderate levels of complementarity or substitutability relative to the indirect effect,

x can move in either direction in response to a change in the required report.

3.2 Optimal regulation

The aim of this paper is to explore the theoretical basis for deregulation. This exercise
will also naturally unearth conditions under which regulation is optimal. Fortunately,

there is a straightforward way of finding the properties of the solution to R’s problem

(6). Suppose that b > 0, so that a positive externality is generated by x. From the
regulator’s objective function in (6), it is clear that R would ideally want M to choose
a higher level of x without any (socially wasteful) effort aimed at manipulating the
report. Similarly, if & < 0, R would wish to induce z* below x* with no distortion.
The proposition below demonstrates that R’s ability to control x falls far short of
this ideal.

In the following proposition let IT,(+1, %; o) be denoted by IT}, and I1,(—1, z*%; o)
by II:

Proposition 2
(1) Suppose O’ > 0.

(i) If max{II} |, su, I |, < su} < 0, then o = s", i.e. it is optimal
to leave the firm unregulated.

(ii) If IT} > 0 for 0 > s* and II, < 0 for o < s*, then o* > s* > s

(iii) If IT} < 0 for o > s*,and IT, > 0, for o < s* then o* < s* < s*.

(2) Suppose b’ < 0.

11



(i) If min{IL} |55 su, I, |5< su} > 0 then o* = s%, i.e. it is optimal
to leave the firm unregulated.

(i) If I, < 0 for o < s*, and IT} > 0 for o > s*, then o* < s* < s™.

(iii) If II; > 0 for o < s*, and I} < 0 for o > s*, then s* < s < o*.

Proof. See the following discussion B

Consider the deregulation results (1)(i) and (2)(i). For part (1)(i), the crucial
condition is max{II} I, } < 0. Note first by proposition 1 that I < 0 is necessary
and sufficient for z* < 2" < z". R will never want to choose a regulation o > s",
since this just induces M to choose a lower level of x, and positive manipulation when
compared to an unregulated private firm. Social welfare would then be lower than
that generated by the unregulated firm due to the negative externality. This leaves R
with the possibility of choosing ¢ < s*, and the wish that this will induce M to choose
a higher effort level. However, from proposition 1, the condition II, < 0 implies that
2" < x* < x% which again is in the wrong direction. In other words, no matter
whether R chooses a report above or below a", the result is the same: x is chosen
below z*. Since the externality is positive, R will prefer to leave the firm unregulated.

From the discussion on proposition 1 it is clear that the condition max{IL} , II;} <0

is satisfied when = and m are strong substitutes relative to the increase in marginal
manipulation costs. There is a natural interpretation. If the main business activity
is crowded out by trying to find an unproductive way of meeting the reporting goal,
then regulation is a bad idea. It is important to note that this deregulation result
can hold even if z and m exhibit quite a small degree of substitutability in absolute
terms. As emphasized in the discussion after Proposition 1, all that is required is that
marginal manipulation costs do not rise sharply. Therefore, even an organization in
which accounting and production have virtually separate technologies could satisfy
the sufficient conditions for regulation not to be optimal.

The second deregulation result — part (2)(i) — relies on the fact that the regulator
is unable to do anything other than induce a rise in x, which is socially bad, because
the externality is negative. The condition min{II} , II} > 0 is satisfied if  and m are
relatively strong complements. The manager maximizes profits by increasing both z
and m to meet a report, whether that report is below or above s*.

The remaining results give sufficient conditions for regulation. For (1)(ii), I} > 0
for o > s* from proposition 1(i) ensures that it is best for M to meet a higher report
with an increase in z. The condition II; < 0 for ¢ < s* from proposition 1(ii) means
that the lower report is met by a decrease in x. Since the externality is positive, the
regulator will optimally choose a report above s*. Both the conditions can be met

whether or not x and m are substitutes or complements. Suppose for example they
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are complements, and that s'(z") > 0. Since
I, =—-A,—I-§(x") A,

and
[ =—-A,+ 15" A,

all that is required for both conditions to be satisfied simultaneously is that the
indirect effect I - s'(z") - A, on the cost of manipulation is high. This condition is
also sufficient when the activities are substitutes and s'(z") > 0. The counterpart to
this result for negative externalities is (2)(ii). Condition I, < 0 for o < s*, ensures
that a downwards report leads to a fall in . Condition IT} > 0 for 0 > s* means that
an upwards report leads to a rise in x. Therefore it is optimal to bias the report below
the unregulated level. Similar reasoning to the above again yields the result that x
and m can be either complements or substitutes. The basic point is that in both
cases (1)(ii) and (2)(ii),  and m have to be moderate complements or substitutes
relative to the indirect effect on the cost of manipulation. The deregulation results in
contrast required strong complementarity or substitutability relative to the indirect
effect on the cost of manipulation.

The two remaining results 1(iii) and 2(iii) are somewhat counter-intuitive because
optimal reports move in the opposite direction to the desired direction of change in
z. With positive externalities, part (1)(iii), II, < 0 for o > s*, means that upward
reports reduce z, and I, > 0, for o < s* implies that downward reports yield a rise
in z. Therefore downward reports are optimal.'® Similar logic applies to part (2)(iii).

A simple interpretation of the results can be summarized as follows. Suppose
manipulation and output innovation are strong substitutes relative to the increase
in marginal manipulation cost, and the externality is positive. Then it is not worth
regulating, because regulation always induces unproductive report manipulation, and
less of the good activity. Relatively strong substitutability can be interpreted as ma-
nipulation becoming harder at a higher scale of innovation. Regulation is socially
detrimental for such technologies. Suppose instead that the activities are relatively
strong complements, and the externality is negative. Then it is not worth regulat-
ing because the firm finds it profitable to increase both manipulation and output.
Complementarity is interpreted as manipulation becoming easier with higher scales
of innovative production. If the goal is to discourage output, regulation can make
things worse. The other results - that specify when regulation is useful - constitute
the more moderate ranges of complementarity and substitutability. These conditions

are satisfied if marginal manipulation costs are relatively high.

8Both conditions can hold in the more unusual circumstance that s’ (z*) < 0 when x and m are
either moderate substitutes or complements compared with the indirect effect.
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It is worth reiterating that these results hold for any kind of regulation based
on the report o, and are not just specific to forcing contracts (see the lemma in the
appendix). Thus the deregulation results are completely general: R should choose not
to regulate a private firm in any way, despite the fact that there is a verifiable signal of
effort, and despite the fact that the manager is not able to costlessly manipulate this
signal. Deregulation is optimal because the conditions ensure that there is an adverse
response by the firm whenever the regulator tries to use the signal for incentives, even
though the signal contains information about performance. The results are therefore
a significant departure from standard agency theory, in which an informative signal

is always used to give incentives.

3.3 Applications
3.3.1 Regulation of a Monopoly

Probably the most studied area of regulation is the regulation of a monopoly. Suppose
a firm faces downwards sloping demand as a function of some non-verifiable product
characteristic such as quality of service (a variable that is often the subject of innova-
tive activity). The (gross) profits of the firm are given by a(x) = (p(z) —¢) - x. Profits
are concave and increasing below the monopoly level, and decreasing thereafter. Sup-
pose that the regulator can observe a report o of profits that is, s(z) = a(z).!® This
situation captures the possibility of rate-of-return regulation. The external benefit of
x is the consumer surplus, which is the difference between social surplus and private

profits:

Note that external benefits must be increasing in x for x < z¢, where 2¢ = p~'(c), the
competitive level. The a, b and s functions are therefore special cases of the general
model above. It seems reasonable to assume that a will typically be increasing at the
unregulated level, (a’(z%) > 0)?° and b is increasing everywhere up to .. Therefore,
a regulator will wish to increase the output that is being under-supplied. However,
from proposition 2 (1)(i) if this service and accounting activities are (relatively) strong
enough substitutes, such a regulation can reduce welfare. Regulation would lead
to a crowding out of the productive service by creative accounting. Alternatively,
(relatively) moderate degrees of substitutability or complementarity mean that some

form of regulation is optimal.

YNote that a, and therefore s is not strictly monotonic. However, if we assume that
limg_,,m ¥ (x,m) = oo, where ™ = argmaxa(x), then sis strictly monotonic over the feasible
values of x.

20The private firm solves max{a(z) — ¢(x,m)} which implies that a’(z*) > 0 provided the cost
minimizing output 2% = arg min ¢ (z,0) falls below arg max a(z).
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3.3.2 Pollution and R&D

The model was set up to be a description of any kind of business that generates
an externality, positive or negative. One of the other major applications of this
framework is to pollution. The function b can be any monotonic decreasing function
in this application, and x is any production innovation activity that creates the
pollution. Suppose that s(z) = —b(z), so that the report o is a measure of the
pollution caused. If the productive activity and manipulation are strong enough
complements, then regulation will only increase pollution. Another example of a
positive externality is where x is research and development. In this case, b is a
benefit external to the firm, for example, due to spillovers of non-patentable ideas
developed by the firm. Suppose that s(z) = z, so that the regulator attempts to gauge
R&D effort directly. R&D subsidies might simply result in exaggerated reported
performance and a crowding out of actual R&D.

The regulator can verify a manipulable report o of a signal s(z), where s : R, — R
is assumed C? and strictly monotonic. This formulation is applied below to several key
areas of regulation. For example, if s(x) = a(z), the application can be interpreted
as rate-of-return regulation of a monopoly.? With s(z) = b(z), the application is
to pollution, i.e. the signal is the external cost b. Subsidies to R&D expenditure is

captured by s(z) = x, where the signal is the level of R&D effort.

3.4 Relation to the multi-task literature

We have argued that the economics literature has not provided a satisfactory nor-
mative theory of deregulation. While the multi-task framework of Holmstrom and
Milgrom (1991;1995) provides the basis of the current paper, it is not sufficiently
robust to apply directly to a theory of deregulation. The purpose of this section is to
explain why, and in so doing, attempt to bring together the multi-task and regulation
literatures.?

Holmstrom and Milgrom’s 1991 paper puts forward several explanations as to
why a principal might pay an agent a fixed wage, despite the existence of a perfor-
mance measure. Clearly the general reasons for flat performance schemes are directly
applicable to the question of deregulation.

To relate the multi-task results to this paper, consider the following. Suppose that

21To overcome complications caused by a being a gross profit function, T assume that s(z) =
a(z) over the relevant range, and that ais monotonic over this range.

22 Another paper which can explain why a principal will sometimes optimally decide to give no
incentives to an agent is Levitt and Suyder (1997). They examine a dynamic model in which an
agent receives private information on the value of a project. The principal will optimally decide not
to intervene in the project in some cases (i.e. give no incentives), so as not to undermine the initial
effort of the agent.
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there are two tasks tjand to. Task #; can be measured with random error (x = t; +¢,
x is observable, and ¢ is a normal error term), but task ¢, is impossible to measure.
Holmstrom and Milgrom (1991) give three basic arguments for why we might observed

a fixed wage, despite the existence of the performance measure for task t; :

Argument 1 Suppose the tasks are perfect substitutes. If ¢;and t, are socially
valuable, then any regulation to encourage ¢; will lead the manager to substitute

out of 5 completely. It is therefore better to not to regulate.

Argument 2 Let the tasks be imperfect substitutes, and assume that manipulation
downwards of the performance measure for ¢; is costless. Ideally, the principal
would like to make the coefficient on z = ¢; + € negative. However if she
does this, the agent will simply manipulate the measure x downwards. In the
application to regulation, a regulator who is neutral about transfers to the
firm will be indifferent between a flat wage, and some incentive scheme with a

negative co-efficient on x.

Argument 3 Suppose there is one task ¢, and the cost of providing incentives for a
small amount of effort is discontinuous in the following way: It is zero for ¢t = 0,
and bounded away from zero for ¢ > 0. If the agent is risk averse, she needs to
be paid a fixed sum even for a small amount of effort. However, if no incentives
are given, then t = 0, and the risk premium is zero. If the principal dislikes

giving transfers to the agent, then it is not worthwhile to give incentives.

Each of these arguments requires more extreme assumptions than the present pa-
per. Consider the first argument. To get a flat wage, it is necessary to assume that
the tasks are perfect substitutes and one task is not measurable. If the activities
are imperfect substitutes, it will be optimal to regulate. The results we derive above
do not rely on output and manipulation being perfect substitutes. In fact, the re-
sults allow for the full range of cost functions from strong substitutability to strong
complementarity.

The second argument relaxes the assumption of perfect substitutes. However it
maintains the assumption that the second task cannot be measured, and makes the
additional assumption that it is costless to manipulate measures downwards. It is
unclear why manipulation should be easier downwards than upwards. If an agent
stood to gain from reducing the measure her own performance, it seems reasonable
to assume that the principal would gain by putting into place methods for detecting
such cheating. Therefore, suppose instead that manipulation is costly, and this cost

is separable from the costs of undertaking the tasks. If the marginal costs of all
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activities are zero near zero levels of the activities, then it will be worth introducing
an incentive scheme.?® The results above do not rely on zero cost of manipulation.

Both the first and second arguments rely on the assumption that one task cannot
be measured. This is relaxed in the present paper, as it is assumed that there is an
imperfect measure of both tasks. Manipulation is by nature difficult to separate from
the productive task.

Argument 3, requires that the agent is risk averse, and faces a discontinuous
marginal cost of undertaking the task. In contrast, the results in the present paper
require smooth marginal cost functions, and a risk-neutral agent. The results of
proposition 2 have deregulation as an interior optimum; any regulation different to
the pure unregulated state induces the manger to choose production in a direction
opposite to that which is desired.

My main criticism of the multi-task model (as applied to regulation) can be sum-
marized in a general way as follows. The model predicts that very particular assump-
tions on substitutability, the degree of manipulability and measurability are required
for flat incentives to be optimal. In practice one would expect that the characteristics
of a firm’s technology will vary over a wide range. For example, tasks are imperfect
substitutes or complements, manipulation will often be costly, and some measure of
performance of both tasks is possible. If characteristics vary widely, the multi-task
results can be re-interpreted as predicting that flat incentives will be observed only
rarely, because the special assumptions hold only rarely. The model of deregulation
developed here relaxes several of these special assumptions. The results predict that
if the characteristics of the firm’s technology vary over a wide range, then deregula-
tion will be a good idea for a set of firms with positive measure on the set of such

characteristics.

4 Conclusion

A simple and robust model was developed to examine the question of when it is opti-
mal to regulate, and when it is better to give no incentives at all. The key assumptions
in the model are that the manager can manipulate a performance measure upwards
or downwards, and that manipulation effort and productive effort interact in the
organization’s cost function. If productive effort and manipulation are substitutes,

regulation to encourage production can result in a lower level. A utilitarian regulator

23Tt is possible to get a corner solution with a fixed wage if the marginal cost of performing the
measurable task is bounded away from zero. The results in the present paper do not rely on kinks
or corner solutions. This is true despite the fact that the function I*(o)is discontinuous. The
manipulation technology in this paper is isomorphic to a technology that assumes m can range over
the positive and negative real line, with a cost function (-, m) that is symmetric and increasing on
either side around m = 0.
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will choose not to regulate at all in this case. Deregulation is also the outcome when
efforts are relatively strong complements, and the regulator wants unambiguously to
decrease the level of production. Deregulation can be optimal even if the interaction
between output and manipulation is weak, provided marginal distortion costs do not
rise steeply. Regulation will improve welfare for the (relatively) more moderate levels
cross effect between output and manipulation. The key insight of the paper is to
outline conditions under which there is a contrary response by the firm if the regula-
tor uses the signal for incentives, even though the signal contains information about
performance.

The results contribute to the literature that seeks to explain why incentive con-
tracts might be non-contingent, even when an informative signal exists. In contrast
to the multi-task literature, knife-edge assumptions are not required. The model re-
lies on pure moral hazard, where the literature on endogenous incomplete contracts

requires private information on behalf of the contract offerer.

Appendix

4.1 Proofs

Proof of equivalence of forcing contracts and general contracts

Lemma 3 Consider any (z*,m*,I*) and associated report c* that is (uniquely) im-
plementable by a contract t(-). Then (x*,m* I*) is (uniquely) implementable by a

‘forcing’ contract (o*, k).

Proof: To be implementible under ¢(-), (*,m*, I*) must solve the manager’s
optimization problem
maxu = t(o”) + a(z) — P (x,m)

z,m,l
subject to
o"=s(x)+Idim) and Ie€{-1,+1}.
Let k = t(0*) and consider the forcing contract (o*, k). If this contract implements

7, m and I, then (Z,m, I ) must solve

maxt = k + a(z) — P(x,m)

zm,I
subject to
s(x)+Id(m)=0" and Ie€{-1,+1}.
Both (z*,m*, I*) and (Z,m, 1) are feasible managerial choices under either the

regulatory contract ¢(s") or the forcing contract and both lead to an asset report o*.
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Consequently, the maximized values of v and 4 must be identical or the manager
would prefer to deviate under one contract and choose the vector associated with
the other contract. But then (z*,m*, I*) is a solution to the manager’s optimization
problem under the forcing contract as it is feasible and gives identical utility to
(@, m, I).

Now suppose (z*, m*, I*) is the unique solution of the manager’s problem under the
regulatory contract t(-). Then (z*, m*, I*) must be identical to (Z,m, 1), as (%, m, I) is
also a solution to the manager’s optimization problem under contract #(-). This holds
for all solutions to the manager’s optimization problem under the forcing contract,
so (z*,m*,I*) must be the unique solution to the manager’s optimization problem

under the forcing contract.

Corollary 4 Without loss of generality, it can be assumed that the regulator only

sets forcing contracts

Proof: Suppose a contract ¢(-) which (uniquely) implements (z*, m*, [*) is op-
timal for the social planner. Then from lemma 3, there is a forcing contract which
also (uniquely) implements (xz*, m*, I*). Further, as social welfare only depends on
(x,m), the social planner is indifferent between the two contracts.

The corollary shows that there is no loss of generality in using forcing contracts

and completes the proof.0

Proof of Proposition 1

The most straightforward way to solve the manager’s problem is to go through
each case and combine the results.

CASE (1) (o —s%) - s > 0.

We will present the proof for s’ > 0, and o0 — s" > 0 in detail, since the other case

is directly analogous.

Suppose that M is constrained to choose [* = —1. The manager’s program
becomes
(1) maxa(z) — ¢(x,m)
subject to
s(z) = m=o0cand z>0,m>0. (12)

Now consider following program

(2) max a(x) —¥(z,m)

r,m
subject to

x>z", m>0 (C2)
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T:

where 2" = s7'(0) > z*. Noting that z* = max, , a(x) — 1¥(z,m), and combining
this with property (P2), means the solution to (2) is (z",0). Since C1CC2, and the
solution to (2) is (z",0) CC1, then it must also be the solution to (1). However, M
can increase II by choosing I = 1. Substituting / = 1 in the profit function (7),

differentiating and evaluating the derivative at (z",0) gives
(1,27 0) =d'(2") — . (2",0) <0

where the inequality is due to the fact that 2" > 2% a" < 0, 1z > 0, and a'(z*) —
e(2*,0) = 0. Since z < 2", m = I(oc — s(x)) > 0 is feasible, profits increase with a
reduction in x from z”. Note that (P3) rules out the corner solution with x = 0. The

only possible solution is therefore the interior solution to (1) given by

I.(I*,z%0) = 0 (13)
m* = I-(oc—s(z"))
rr =1

as required. Moreover, substitution of the constraint C'1 into the objective function in
(1), and differentiating twice yields the sufficient condition (10) for the solution(13).

Now consider parts (i) and (ii) of proposition 1. First, note that the sufficiency
condition is I, < 0. Therefore if the function I, (I, 2%; o) exceeds zero, then x must
rise to satisfy (13), and if it is below zero, x must fall to satisfy (13). This proves (i)
and (ii).

CASE (2) (0 —s%) -5 <0

Again, we will present the proof for s’ > 0. The proof of part (2) of proposition
1 with o < s*, uses the same methodology as above. First it is assumed that I = 1.

Then the two constraint sets

s(x)+m=o0 (C3)
x>0, m>0
and
0<z<z", m>0 (C4)

are separately imposed on the objective of maximizing a(z) — ¥ (z,m). Since C3 is
contained in C4, and the solution (z",0) to the program with C4 is contained in
C3, (z",0) must be the solution to the program with C3. However, profits can be
increased by setting I = —1, as I1,(1,2",0,) = a'(z") =1, (2",0) > 0 and it is feasible
to set * > z"and m = I(s(z) — o) > 0. The proof of (2)(i) and (ii) follow the same
method as (1)(i) and (ii) above. B
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