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Abstract

The paper compares productive efficiency in public and private firms. We study a principal-
agent model in which the firm’s manager is privately informed about a cost parameter and
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duction efficiency) is strictly higher under public governance with a benevolent government.
If auditing is possible, however, a profit-maximizing private owner always audits at least as
frequently as a public principal. For small auditing costs, we find that monitoring decisions,
managerial effort and welfare under both governance structures coincide. Conversely, when au-
dits becomes more expensive, the public (but not the private) owner refrains from monitoring,
and the private firm may produce more cost efficiently.
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1 Introduction

Does private ownership promote the internal efficiency of firms? One major reason for
the privatization programs pursued throughout Europe in the past decades was the belief
that private enterprises operate more efficient than their public counterparts. To some
extent, empirical evidence lends support to this popular view. According to estimation
results in Megginson et al. (1994) and Boubraki and Cosset (1998), for example, firm
profitability (defined as net income divided by sales) increases from an average value of
8.6 percent before to 12.6 percent after privatization. Likewise, sales per employee rise
on average by about 25 percent in the first three years after the change in governance

structure occurred.!

The theoretical literature has offered some explanations for this phenomenon. Alchian
and Demsetz (1972) and Vickers and Yarrow (1991) reason that due to the vague and
frequently changing objectives of public relative to private owners, the efficient use of
human resources and other inputs is monitored to a much lesser extent than in private
firms. Similarly, Bos (1991) argues that the lack of monetary incentive schemes promotes
managerial slack in public enterprises. These positions have an intuitive appeal. Yet,
they attribute the relative internal efficiency advantages of private ownership solely to
the unwillingness or inability of the government to exert appropriate control over the

managers in a public enterprise.?

It is thus natural to ask whether public firms produce less cost-efficiently than private
ones even if those deficiencies can be overcome. In the present paper, we neglect issues
such as unclear objectives and inefficient contracting. Instead, we model the government
as a fully rational actor who has access to the same information and contractual pos-
sibilities than a private entrepreneur. We maintain the presumption that both private
and public enterprises face an agency problem associated with the separation of owner-
ship and control. Specifically, our framework is based on a principal-agent relationship
between the respective (public or private) owner of the firm on the one hand, and the

firm’s managers or workers on the other hand. The latter have private information on

! As some studies [e.g., Boardman and Vining (1989)] also find instances where productivity fell after
privatization, however, the overall evidence is not fully conclusive. A survey on empirical work on this
issue is provided by Megginson and Netter (1999).

2In addition, the above line of reasoning implies that one should also expect inefficiencies in privately
owned but regulated firms. If regulatory policy is affected by the government’s lack of control as well,
however, privatization in non-competitive industries becomes less attractive.
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the firm’s intrinsic productivity and can exert unobservable effort to reduce the total cost
of production. In order to reduce this agency problem, the principal can give incentives
through monetary compensation schemes. In addition, she can conduct audits. Private
and public firms differ only with respect to the objectives of the respective principal:
while the government as owner of a public firm maximizes welfare, 3 the private owner
is purely profit-oriented. Throughout the analysis, it is important to keep in mind that
we do not (and cannot) address the issue of privatization versus nationalization directly,
although some results naturally can be applied to this context as we argue below.* In-
stead, we simply ask whether and under which circumstances the productive efficiency as
measured by managerial effort in a private firm can be higher than in a publicly owned

company.

Due to the difference in objectives, a social-welfare maximizing public owner is willing
to pay higher incentive compensations than a profit-maximizing private owner: because
the former also cares about the utility of her employees, the tension between productive
efficiency and rent extraction is less pronounced in a publicly-held firm. In a situation
where auditing is not possible, therefore, the government implements higher managerial
effort than the private principal.® As we show, this conclusion no longer holds once
the audits are taking into account. Precisely because leaving rents is more costly to
a private owner, she always audits at least as frequently as a public owner. Whereas
high managerial compensation is used as a ‘carrot’ to give incentives in public firms,
more audits are conducted and used as a ‘stick’ in private firms. In particular, there
are circumstances where auditing enables the private principal to induce higher cost-
reducing effort than the government (who chooses not to audit at all) without granting
an informational rent to the manager. Then, the private firm operates with strictly
higher cost efficiency than a public enterprise. Finally, we identify situations where the

outcomes under either governance structure coincide, namely, if auditing is relatively

3While this assumption is strong and even unrealistic, it allow us to focus on the question whether
productive efficiency in a public firm is low even in a world where government officials are driven by
idealistic motives, or are perfectly controlled by their constituency.

4Since we admit complete, fully contingent contracts, our model is not suited to analyze whether
privatization can be strictly welfare improving. In particular, there exists an optimal privatization
and regulation procedure which perfectly aligns the objectives of the private owner with those of the
government [see also Sappington and Stiglitz (1987)]. Under the optimal scheme, privatization therefore
does not affect the productive and allocative efficiency of the firm. In contrast, if contracts are incomplete
private ownership may be strictly superior even if government is benevolent. See, for example, Schmidt
(1996a,b), Hart et. al (1997), and Segal (1998).

5See the paper by de Fraja (1993) which is discussed in more detail below.
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inexpensive and therefore takes place under both ownership structures. Public and
private owner then take the same decisions as long as the private firm is regulated on its
output market, or if this output market is competitive so that external regulation is not

necessary.%

A variety of contributions use agency settings with informational asymmetries to study
internal efficiency under private and public (benevolent) governance. Most closely related
to the present paper is de Fraja (1993) who provides the first comparison of internal
efficiency under both ownership structures. The author analyzes an adverse-selection
model similar to ours, but does not consider auditing as a means to reduce the prevailing
incentive problem. He shows that a welfare maximizing government values a reduction
in managerial rents less and productive efficiency more than a private owner. As a
consequence, the public principal induces higher cost-reducing effort in equilibrium. A
similar conclusion is drawn in Laffont and Tirole (1991) who argue that privately owned
but regulated firms suffer from a common agency problem between shareholders and
regulators which can cause managerial slack to be higher under privatization. While
both papers find that internal efficiency is lower in private as compared to public firms,
a result that corresponds to ours is obtained independently in Corneo and Rob (2000).
The authors consider a multi-task model in which workers allocate there time between
individual production and ‘socializing’. The former activity is costly and the latter
both yields utility for the workers and positively affects output. Because a benevolent
public owner is willing to tolerate a higher amount of socializing than a private owner,

productivity may (but need not) be higher under private governance.

The present paper is also related to some work on incomplete-contracting, which shows
that privatization can be the optimal mode of governance. Schmidt (1996a, 1996b)
introduces a connection between ownership and information structure. Privatization
creates an informational wedge which can be beneficial even if the public principal is fully
benevolent: it enables the government to commit ex post to a harder budget constraint,

thereby improving a manager’s incentives to invest in (non-contractible) cost reduction

6In this case, privatization does not require a sophisticated contract to ensure the optimal managerial
effort. A simple sales scheme in the form of a lump-sum payment from the new owner to the government
and — if the firm does not operate in a competitive environment — an appropriate regulatory component
will produce the second-best efficient result. This result shows that optimally designed privatization
schemes need not always be complex, i.e., there are circumstances where the government does not have
to exert (possibly indirect) control on the firm’s internal arrangements such as managerial incentive
schemes.



ex ante. Hart, Shleifer and Vishny (1997) demonstrate in a property rights model that a
private owner expends a larger effort than a public manager because he becomes residual
claimant for realized cost savings in a bargaining game vis-a-vis the government. A
similar effect emerges in Schmitz (2000) who, however, shows that partial privatization

(government and management jointly own the firm) may dominate full privatization.

The paper proceeds as follows. Section 2 presents the model, and derives optimal audit-
ing and contracting decisions for both ownership structures under consideration. Section
3 compares both regimes and relates productive efficiency to ownership. Section 4 con-

cludes.

2 The Model

Consider the following simple version of a principal-agent adverse selection model with
managerial effort and monitoring. The principal owns a productive unit and hires a
manager or worker (M) to realize an indivisible project at a cost C' = 6 — e, where 6 is
a random parameter that represents the firm’s intrinsic productivity (or, equivalently,
the managers ability) and e € Ry is managerial effort. For simplicity, we assume that
6 can take on only two values > § with ¢ € (0,1) denoting the commonly known ex
ante probability that the firm’s costs are low. When exerting e, the manager reduces
the firm’s costs of production (e.g., organizational slack) but incurs a disutility which
is represented in monetary terms by an increasing and strictly convex function 1)(e)
which satisfies 1(0) = ¢'(0) = 0 and " (-) > 0.” While the firm’s cost C is publicly
observable, both 6 and e are private information of the manager. The principal can,
however, collect information on the firm’s internal efficiency through auditing. Following
Kofman and Lawarrée (1993), auditing generates a verifiable signal s € {3, s} which is
(imperfectly) correlated with 6. The probability that the signal is correct is independent
of the realization of # and denoted by v, i.e. Prob{s = 5|0 =60} = Prob{s = s|0 =0} =
~v. With probability 1 — v, the observation is incorrect. Without loss of generality, let
y>18

"The assumption on the third derivative of 1(-) ensures that the principal’s problem is well behaved
(see, e.g., Laffont and Tirole (1986).

8 As will become clear below, none of the subsequent results qualitatively depends on this particular
specification of the monitoring technology. For a model where the principal can observe the manager’s
effort rather than 6, see, e.g., Laffont and Tirole (1992) and Kessler (2000).



The principal may be a welfare maximizing government (G) or a private owner (P). Her
respective benefit from production is S; > 0, j € {G, P}. Although we allow S¢ and Sp
to differ, we will throughout the paper maintain the assumption that both valuations are
sufficiently large so that the project should always be realized, irrespective of the firm’s

9 The principal reimburses the firm’s

cost and ownership or informational structure.
costs C' (an accounting convention) and offers incentive contracts to the manager that
can condition his remuneration w on commonly observable variables such as C' and - in

case of an audit - s. The manager’s utility is

U=w—v(e). (1)

if he works for the principal and equal to his reservation utility U, otherwise. The
government is utilitarian but faces a shadow cost of public funds A > 0. Using (1), its

objective function can be written as'’

ug=5S¢—1+N(C+w)+U

A
:Sg—(l—F)\) 9—6+w(€)—|—1+—>\U :SG—(l—F)\)Cg, (2)
where C = 0 — e +1(e) + HL/\U are the total costs of production, including managerial

compensation. In contrast, the private principal maximizes profits,
UP:SP—C—UJ:SP—[9—6+¢(€)+U]:SP—CP, (3)

with Cp = 6 — e + 1(e) + U. The game proceeds as follows. In stage 0, the principal
decides whether to invest I > 0 in the auditing technology. One should think of this
investment as fixed expenses that enable her to subsequently audit the firm such as
setting up an accounting division or other institutional structures facilitating internal
control. In stage 1, the principal offers an employment contract to the manager, which
specifies a remuneration w and the probability p of a subsequent audit. If the manager
accepts, he subsequently exerts effort and carries out production in stage 2. Having

observed realized cost C, the principal may conduct an audit, which imposes additional

9Equivalently, the private firm may be regulated on its output market such that the private owner’s
valuation of output coincides with that of the government [see also footnote 11 below].

10See Laffont and Tirole (1986, 1992). We could could alternatively follow Baron and Myerson (1982)
who assume that the social welfare maximizing government attaches a relative weight 3 < 1 on the
managerial surplus relative to consumer surplus. Note that both formulations are formally equivalent

if one sets 3 = HLA



costs ¢ > 0 and generates the commonly observed signal s. Finally, payoffs are realized

in stage 4.

Before proceeding, let us briefly consider the benchmark case where 6 is publicly observ-
able. Under symmetric information on 6, the principal maximizes her utility (2) or (3),
subject to the manager’s participation constraint U > U,. Thus, the first-best contract
(e*,U*) is characterized by 9'(e*) = 1 and w* = ¢(e*) + U,, irrespective of 6 and the
governance structure. This property of the first-best contract facilitates a comparison
between the two ownership structures for the case where 6 is private information of the
manager. It is an immediate consequence of our assumption that the project is of fixed

size and will be realized irrespective of ownership.!*

We now turn to the more interesting case where 6 is private information of the manager.

We begin by solving for the second-best solution without auditing:

1. Optimal Contracts without Auditing

If the principal has at stage 0 decided not to invest into auditing, her problem is a
standard adverse selection problem. Let (w, C) and (w, C) be the contracts for a manager
who claims that the cost parameter is § and 6, respectively. Using (1) and setting

e = 6 — C the manager’s participation and incentive compatibility constraints can be

written as
U>U, (PC) U=, (PC)
U>U+1(e) —¢le+ Af) (IC)  U>U+y(e)—y(e—A0).  (IC)

where Af = §—6 > 0. Subject to the (PC) and (IC) constraints, the principal maximizes
her expected payoff.Since the project should always be realized, this is equivalent to
minimizing expected total production cost, which can be obtained from (3) and (2),
respectively. It is now straightforward to show that the optimal contract with no audits
(na) is characterized as follows [see also Laffont and Tirole (1993)]. While either principal

implements the first-best effort in the low-cost state (¢* = e*,j = G, P), the induced

U1Tf production x is variable, the relative magnitudes of the respective (marginal) benefits from produc-
tion, dS¢/dx and dSp/dx, must be taken into account. For example, suppose that the firm has market
power and its output is not regulated under private governance. Then, the government’s marginal bene-
fit from production (the sum of consumer and producer surplus) exceeds that of a private owner. In such
a situation, production will be higher under public ownership, and so will be the marginal value of cost
reduction. Hence, a first best contract would specify ef, > e}, making the analysis of the cost-efficiency
consequences of governance in the presence of informational asymmetries less transparent.
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effort level if costs are high is determined by the first order conditions'?

= )+ g (V) — e - 80) )
L=/ (E) + o 1R — v = A0)] (5)

Closer inspection of (4) and (5), reveals that ep* < e for all finite values of A, i.e.,
public ownership results in a higher degree of internal efficiency in this state. This
finding essentially replicates the argument of de Fraja (1993). Intuitively, the trade-off
between efficiency and rent extraction is less pronounced for the public than for the
private owner because the government also cares about the utility of the management or
workforce in the firm.!® As a consequence, the public principal leaves higher rents to the

firm’s manager than a private owner in the low-cost state. To see this, note that from
(PC) and (IC),

UM = U, + (@) — (e~ A0) > U, and U,"=U, je{G,P}.

i

As the informational rent ¢(e3?) = (ef?) — (ef* — Af) > 0 strictly increases in e,

ext > e implies ¢ > Q.
2. Optimal Contracts with Auditing

Now suppose the principal has invested into auditing in stage 0. This enables her to
observe a signal s on # which is informative and - on average - correct due to v > % To
derive the optimal contract, note first that if the manager reports low costs 6, there is no
need for an audit to take place. If the manager announces high costs 6, however, he may
have misreported the firm’s true productivity and it may now be useful for the principal
to request an audit. Recall that p € [0, 1] denotes the contractually specified probability
with which auditing occurs. Again, we assume that the principal can commit to her

initial contract offer so that the revelation principle continues to apply.!* If the audit

12The (IC) constraint implicitly requires € > Af. One therefore has to assume 1’ (Af) < 1 — q.

13De Fraja (1993) considers a more general framework with variable production. In his model, the
welfare-maximizing government has a higher marginal surplus from additional output (assuming the
private firm is not regulated). Therefore, a second - and reinforcing - effect applies since the government’s
benefit from an increase in e exceeds that of a private principal even if A — co.

141f the principal cannot commit to her auditing strategy, the revelation principle no longer holds
and mixed strategy equilibria may emerge which involve shirking (non-compliance) on the part of the
agent [see, e.g., Cowell (1984) and Khalil (1997)]. While the basic trade-off between rent extraction and
efficiency on which our results depend still applies, the analysis is rather complex and beyond the scope
of the present paper.



yields a low-cost signal s, indicating that the manager has concealed the firm’s true costs,
he can be punished. We assume that in this case, the principal collects an exogenously
given fine FF > 0.1 If we continue to denote the manager’s gross remuneration by w,
an honest manager’s utility in the high-cost state is now U = w — ¥(€) — p(1 — y)F.
In the low-cost state, he receives w — 1p(e) = U if he reported cost truthfully and
w — (e — Af) — pyF otherwise. The low-cost manager’s (/C')-constraint thus becomes
w—yY(e) > w—Y(e—Ad) —pyF, or

U=>U+vy(e) —(e—Af) —p(2y - 1F. (LC)
It is useful to define two critical values for the principal’s (marginal) cost ¢ of audits,

qg A q
=—— " _(2y-1)F d =~ (2y—-1)F
el 1—q1+>\(7 ) an cp 1—q(7 )

with cp > ¢g > 0. The proposition below summarizes the formal analysis of the optimal

contract with auditing that can be found in the Appendix.

Proposition 1. Suppose that the principal incurs I at stage 0 so that subsequent audits
become feasible. Under either ownership structure j € {G, P}, managerial effort is
efficient in the low cost state, ef = €*, and the manager earns no rents in the high cost
state, Ui = U,. If ¢ > ¢;, the principal j refrains from auditing (p; = 0) and the optimal
contract is identical to the second-best contract without auditing. For ¢ < c;, auditing

occurs with positive probability (p; > 0) and we have
a) e} = e} and Uj < U} for values (2y — 1)F' < ¢7°
b) e* > e} >ept and Uj = U, for values (2y — 1)F > ¢,
Moreover, public and private contracting are characterized by pp > pg and ep < eg with

ec >eqn = pe=pp>0 and e; =ép.

Not surprisingly, auditing allows the principal to decrease informational rents. Also,

if the rent is already extracted at €} for a given fine F' and signal precision v, the

15While the principal may be able to freely chose the extent of the penalty, we know from the maximum
deterrence principle [Baron and Besanko (1984)] that she will always choose the highest possible fine.
Hence, F' can be interpreted as the maximum amount the agent is (legally) liable for. Alternatively, one
could interpret the agent’s limited liability as a wealth constraint as, e.g., in Laffont and Tirole (1992).
Penalties are then transfer dependent: the higher the agent’s remuneration, the more can he be held
liable. This additional effect adds complexity without qualitatively changing our results.
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principal optimally implements higher managerial effort in the high-cost state, thereby
improving productive efficiency [part b)]. Otherwise, managerial effort is unaffected
by the possibility of audits under the optimal contract [part a)].!® The last part of
Proposition 1 compares private and public optimal contracting if both principals have
invested into auditing and yields two observations. First, the private principal always
audits at least as frequently as the public principal. Second, if public monitoring strictly
improves cost efficiency (e > e*) both types of principal audit equally often and the
internal efficiency does not differ across governance structures. The intuition for these
results is as follows: for U} = U,, a further reduction in U is impossible and both
principals j attach the same value to an increase in productive efficiency [see (2) and
(3)]. Because the marginal benefit from auditing and from raising €; is independent of
ownership j, optimal contracts coincide. For U} > U,, on the other hand, a private
owner’s valuation for a marginal reduction in the manager’s informational rent exceeds
that of the government and thus pp > pg. Yet, managerial effort e; is lower in private
than in public contracting since it is unaffected by the auditing decision and equal to

the effort induced without audits.

To summarize, the private principal’s marginal benefit from auditing always weakly

t.17 Loosely speaking, a private owner prefers

exceeds that of her public counterpar
to use auditing and the associated fine as a ‘stick’ to induce the manager to exert cost-
reducing effort. The public principal, in contrast, prefers to give incentives with a ‘carrot’
even if the stick is available. She audits less and leaves higher rents to the manager that
induce him to work hard. Furthermore, if public auditing occurs and improves productive

efficiency, both ownership structures are equally cost-effective.

3 Optimal Monitoring and Productive Efficiency

We are now in a position to compare internal efficiency under public and private owner-
ship by analyzing in which situations either principal will actually invest into the auditing
technology in stage 0. It should be emphasized that the timing of this decision is irrele-

vant for the results that follow. In particular, one could also view the investment I as a

16See also Kofmann and Lawarrée (1993) who discuss the properties of the optimal contract for a
private principal in more detail.

"Hence, the conclusion that pp > pg is more general than suggested in the proposition. It holds for
any specification of the marginal auditing cost ¢(p), not only for ¢/(p) = 0 as we have assumed here.
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fixed cost associated with audits, which the principal only has to incur if those actually
take place in stage 3. For ease of exposition, however, we will continue to interpret I as
an investment that must be made ex ante, before contractual arrangements are made.
From Proposition 1, it should be clear that a principal j will not expend I when the
marginal costs of monitoring exceed ¢;, since in this case p; = 0 is sequentially optimal.
More generally, because the principal j is willing to invest in stage 0 if and only if her
net benefit from conducting audits exceeds the cost I, the corresponding necessary and

sufficient condition can be written as
C;-W—C;EI, j=G,P (6)

where C{ and C7* are the total expected production cost for the principal j under the

optimal contract with and without audits, respectively.!®

Lemma 1. For any v # % and finite values of A and F, we have

Cre —Co=1Ig < Ip=Cr* — Co.

The lemma establishes that the total benefit from auditing is strictly lower for the public
than for the private principal, irrespective of the government’s cost of raising public

funds, the accuracy of audits, or the fine that can be imposed for shirking.’

To relate internal efficiency and ownership structures, recall that public and private
principal always induce an efficient level of effort in the low-cost state. Hence, we can
confine attention to the determination of cost efficiency in the high-cost state as measured
by é€;. Furthermore, since we already know that e’ > ep', we will for expositional

brevity ignore the case where I is prohibitively high so that neither principal audits.

18Since the public principal takes her shadow cost of raising funds into account when evaluating the
costs of auditing, we must have

A+ NCE -C&) > A+N] & Cr—-CL>1

for the investment to be optimal under public contracting.

19See the Appendix for a proof. Observe that Lemma 1 holds even though the informational rent
that the government could maximally save through audits, ¢¢", weighted by HLA (that is, as valued by
a private owner) may well exceed the corresponding maximal rent savings in the private firm, ¢%*. The
intuition is as follows. Suppose first that both principals monitor only to reduce the manager’s rent. The
thus achieved marginal rent reduction is (2y — 1)F which is clearly valued more by the private owner.
Second, suppose private monitoring improves productive efficiency so that U = U,.. Then, the private
principal always enjoys a higher increase in efficiency from auditing than the government (because the
inefficiency is more pronounced under private ownership without monitoring) which overcompensates
the effect that the private total benefit from rent reduction may be lower.
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Using Lemma 1, we therefore assume that I < Ip in what follows. There are two cases
to distinguish: suppose first that in equilibrium both public and private principal invest
into the auditing technology, which is the case if I < Ig. Obviously, this can only
be optimal if they both plan to subsequently conduct audits with positive probability.
Hence, I < I implies ¢ < ¢g < cp and therefore, pp > pg > 0. Proposition 1 b) then
tells us that e = ép if public auditing improves internal efficiency, i.e., if (2y—1)F > ¢p*.
Otherwise, we have e > ep. Since ¢ is a monotonically decreasing function of A, there

exists a critical value A > 0 such that é; = ép if A > A where \ is implicitly defined by

¢le’) = (27 = DF,

with e given by (4) evaluated at A = X. Second, suppose I € (I, Ip] so that only the
private principal (optimally) invests into auditing at all. This interval is nonempty for all
conceivable parameter values of the model (Lemma 1) and the contractual arrangements
then specify e = e and ep = €% in equilibrium. Now, recall from Proposition 1
that €} = €& > e if and only if (27 — 1)F > ¢g*. From our previous argument, this

condition is equivalent to A > A as defined above.

The proposition below compares productive efficiency under private and public owner-
ship. It is a straightforward implication of Proposition 1, Lemma 1, and the preceding

discussion:

Proposition 2. For A < 5\, either only the private principal invests in monitoring or
public audits do not improve productive efficiency. In both cases, e* = e, = ep and
e* > &g > ep with strict inequality if X\ < \. For any X\ > X, however, there exists a
nonempty interval of fized auditing costs [Ig, Ip| such that under the optimal auditing

and contracting decisions,

a) I < Ig implies that both principals j € {G, P} invest into auditing, choose identical
positive auditing probabilities p; and implement identical effort levels e; = e* and

= . na

b) Ig < I < Ip implies that only the private principal monitors and internal efficiency

15 higher in the private than in the public firm,
ep=¢ec=¢€" and eEp > eq.
The first part of the proposition identifies situations where the productive efficiency

of the private firm falls short of the internal efficiency in a publicly owned enterprise.
11



Provided the shadow costs of public funds are sufficiently low [\ < ], cost reducing
effort in a public firm strictly exceeds that in a private firm in the high-cost state even
if monitoring possibilities are available. The second part a) establishes conditions where
productive efficiency and social welfare are unaffected by the governance structure. This
result demonstrates that there are situations in which welfare measures under either
governance structure coincide. Provided that the firm’s output market need not be
regulated, optimal privatization arrangements can then take the form of a simple sales
contract: the government can extract expected profits from a private entrepreneur by
selling the firm for a predetermined price. Yet, even if output regulation is needed, it is
not necessary for the government to intervene into the contractual arrangements between

the private owner and her managers or any outside contractors.?

Finally, our main result on ownership and productive efficiency is stated in part b).
Productive efficiency, measured by managerial effort in cost reduction, may be strictly
higher in the private firm than in the public firm. It is important to note that this
result does not contradict the argument that the public principal faces a weaker ten-
sion between rent extraction motives and productive efficiency than a profit-maximizing
owner (although it qualifies the conclusion that the government therefore has a tendency
to induce higher cost-reducing effort in equilibrium). Rather, precisely because of the
public principal’s lower valuation of informational rents, her incentives to monitor the
manager in order to overcome the informational wedge between them fall short of those
of a private profit-maximizing owner. If one takes the possibility of monitoring audits
into account, therefore, there are situations in which only private owners rationally con-
duct audits and induce an equilibrium effort which is strictly higher than in a public

firm.

The figure below illustrates these results.2! In the first region A, for values of A < A,
internal efficiency is higher in the publicly than in the privately owned firm, irrespective of
whether or not audits occur with positive probability. Second, auditing decision, welfare,

and equilibrium effort coincide in region B where I < I and A > \. Note that global

20Tt is instructive to compare this finding with the statement of the ”Fundamental privatization
theorem” of Sappington and Stiglitz (1987). The theorem asserts that governance structure has no
impact on efficiency, provided that the optimal contractual arrangement adjusts the incentives of the
profit-maximizing owner to pursuing welfare objectives. Here, this arrangement would at most embody
a regulatory component and there would be no need to interfere with the firm’s internal affairs.

21The figure assumes that audits are a priori not prohibitively costly for either type of principal. It is
drawn for the case where public auditing — if it is optimal — improves productive efficiency, i.e. I < Ig
already implies A > .
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public expected benefit from audits, I, is monotonically increasing in the government’s
cost of public funds and approaches Ip as A — oo so that the set of parameter values
of I for which ownership structure does not matter expands as A grows. Finally, for
I € (Ig,Ip| the public principal strictly prefers not to audit, while auditing is still
optimal for the private principal. If, in addition, A > 5\, we have ég < ép as in region C.
Hence, for intermediate values of A and I, private contracting with its associated audits

implies strictly higher equilibrium effort than public contracting.

] A
D
ep < éeg
Ip : I
| C /
ATy
ep < éd ép = en
/ \
0 A

Ownership and Productive Efficiency

4 Conclusion

This paper has compared productive efficiency in public and privately owned enterprises.
We have modelled the relationship between the respective (public or private) owner of
the firm on the one hand, and the firm’s managers or workers on the other hand, as a
principal-agent relationship where the latter have private information on intrinsic costs
and can exert unobservable cost-reducing effort. Allowing for the possibility of audits
as a control instrument, three conclusions emerge from the analysis. First, a private
profit-maximizing owner always conducts audits at least as often as a welfare-maximizing
government. Hence, the model predicts different internal organization structures under
either regime; auditing devices should be less frequently used in public as compared to
private firms. Second, whenever public auditing strictly increases managerial effort in
cost reduction, the internal efficiency of public and private firms coincides. Finally, we

demonstrate that there are situations in which managerial effort is strictly higher in a
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private firm. Hence, productive efficiency may improve if a firm is privatized, which is
well in line with empirical evidence as reported in various studies. Importantly, this
result holds although the public principal is modelled as a (welfare-maximizing) rational

actor who takes optimal auditing and contracting decisions.

Clearly, the government in practice is neither unitary, nor welfare-maximizing or even
fully rational. It is composed of many actors with often conflicting interests, subject
to pressure from interest groups, and suffers from inefficiencies in its administration
and decision making process. In this regard, the model can only serve as an example
that highlights the differences in governance structures which arise when the public
principal does not pursue a pure profit objective. In other respects, however, the results
obtained are quite general. In particular, they do not depend on the specific simple
production and auditing technologies that were chosen to analyze the economic forces at
work. What is important for the conclusions is that a) the government cares more about
the utility of its subordinates than the private owner and b) the relationship between
owner and employees is subject to incentive problems that give rise to rents. Since these
conditions are likely to be satisfied in many situations, our work hopes to contribute to
a better theoretical understanding of the virtues and vices of private and public sector

performance.
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Appendix

Proof of Proposition 1

The proof proceeds in two steps. We first derive and fully characterize the optimal contract
for the public and private principal, respectively. Subsequently, we compare managerial effort
and the frequency of audits under both regimes.

Step 1: The optimal contract {(p;, é?,U?), (ef, Uj)} for the principal j € {G, P} if the auditing
technology is available therefore minimizes expected costs

Ci=ql0—e;+v(e) + U]+ (1—q) [0 —& +v(e;) + o;Uj] + (1 — q)pjc,

where o is an indicator variable with ap = 1 and ag = IJ%A, subject to the (PC) and (IC)

constraints and p; € [0,1]. The Lagrangian of the principal’s problem is

L = q[0—¢j+¢(g) +oyU;] +(1—q) [0 —e + () + oyUj] + (1 — q)pjc
-2{U; - U,} — A{U; — U}
“N{U; —Uj — (&) +¢(€ — A0) +p;(2y — DF} — Mf{l —pj},
with the non-negativity constraints €; > 0, ¢; > 0 and p; > 0 where we have omitted the (IC)

constraint, which will not bind under the optimal contract. The corresponding Kuhn-Tucker
conditions are

oL 0L

- _ — (e )] > > =
9e, gl —¢'(j)] 20, €;>0 and ¢ e, 0 (7)
oL
ng = qaj—)q—)\gz() (8)
L. —(1I =@l —v'(e)] + A3 [¢'(e)) — ¥/(e; — AF)] > 0,€; > 0 and Ejif =0 (9)
6€j 8€j
oL
— = (1- i— A +A3=0 10
o, (1 —q)og — A1+ A3 (10)
oL oL
o, (I=q)e=A3(2y=1)F+ XM >0, p;>0 and p; o5, 0, (11)

plus the constraints and their complementary slackness conditions. jFrom (7) and ¢'(0) = 0,

we have ef > 0 and 1 = ¢'(e) & ¢} =e", j =G, P. Similarly [see footnote 12], we must
also have €] > 0 so that (9) holds with equality,

L= /() + 5 [(e) — /(e — AB)]. (12)

JFrom (8), Ao + A3 = a;q implies A\3 < «ajq. Since Ay > 0, (11) yields p; = 0 if ¢(1 — ¢) —
a;jq(2y —1)F >0, or

c>cj= 1aiqq(2'y— 1)F.

Hence, ¢ > ¢; implies p; = 0 which together with (IC) and (PC) implies A2 = 0 and thus
A3 = ajq. Substituting for A3 in (12), the optimal effort if auditing is feasible but the principal
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chooses not to do so is given by

L= /(E) + 2 () /(@ — 20)]
and identical to €7* by (5) and (4). Conversely, ¢ < ¢; contradicts p; = 0 so that (11) holds
with equality. Three cases must be distinguished:

i) for p; > 0 and Ay = 0, A3 = a;q > 0 so that we again have ej = e
conducts audits only to reduce the manager’s informational rent. Observe that for A\3 = «a;q
and ¢ < ¢j, (11) yields Ay = ojq(2y — 1)F — (1 — ¢)c > 0. We therefore must have p; = 1 and
the principal audits with probability one. In order for (PC) to be slack (A2 = 0), however, it
is necessary that ¢ (€5) — (€] — A#) — (2y —1)F > 0 at €] =e}* or

F(2y —1) <€) —y(ej” — Af) = ¢

Conversely, F'(2y — 1) > ¢} contradicts A2 = 0. Hence, in this region, (PC) is binding at the
optimum,

, i.e., the principal

pi(2y — DF = ¢(ef) — ¢ (e — A0) = ¢(e7) (13)
and Ay > 0 = A3 < aq so that e} >} by (5), (4), an ( 2). There are two possibilities:
ii) if A2 > 0 and p; < 1 (A\y = 0), we have from (11), A3 = (gf(yl ";) After substituting for \g,

€J can be obtained from (12),

C

VA

[V (€F) — ' (ef — A0)] .
Given 3 , the auditing probability p; is determined by (13),

1

pj = @ - 1)F [@Z’(é?) — (e — AD)] .

iii) for A2 > 0 and p; = 1 (A4 > 0), €] is determined by substituting for p; = 1 in (13),
Le., ¢(e}) = (2y — 1)F. Note that Ay > 0 requires A3 > = el 1‘§)F. Using (12), this condition
translates into

1)

c<c= ¢'(é;)—¢’(é§—A9)(27_1>F (14)
Hence, the constraint p; < 1 is binding and we are in case iii) only if ¢ is sufficiently small.
Otherwise, for ¢ > ¢, case ii) applies and p; < 1.
For future reference, also observe that in both cases ii) and iii), €] does not depend on j.

Furthermore, we have A3 > (C(l %)F > 0 which together with equation (12) implies that e <e*

with e} = e* only for ¢ =0 or F — oco. O

Step 2: We show pp > pg and e} < ef, where the latter inequality is strict if and only if
pe = 0or (2y — 1)F < ¢. Since €4 > €' & pa > 0N (2y — 1)F > ¢p* from Step 1, the
last claim in Proposition 1 then follows. Again, there are several cases to distinguish: a) for
¢ > cp, neither principal monitors and pp = pg follows trivially. Since €¢ = 7% in this case,

J J
we also have e}, < e¢ from Section 2.1. b) for cp > ¢ > cg, pp > pg = 0 and it remains to
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show that e} < ef. From Step 1, we know that the effort €} for pp > 0 is highest in regions
ii) and iii) where e} > e;®. Hence, €} is determined by [see (12)]

[V (ep) — V' (e — AD)] . (*)
with A3 > % Next, as pg = 0, ey = e/s* and thus is given by
1=9'(ep) + ——~— [¢(e&) —¢'(e& — A0)] . (**)

Comparing ( ) with (**), we see that e} < e if only if A3 > 1+)\ Now suppose by contradiction

that A3 < Since A3 > ((1 q)) 7 also holds, we must have

1+)\

(1-gc _ M
2y—1)F ~ 14X

which contradicts ¢ > c¢g. ¢) Next, consider ¢ < ¢g so that p; >0, j =G, P. For (2y —1)F <

'5*, we are in case i) for both principals. Hence, pp = pg = 1 and e} = ep* < e} = e}. For
oEt < (2y — 1)F, we know that optimal contracts lie in region ii) or iii) under both ownership
structures. From Step 1, é? does not depend on j in this case. We thus have e}, = e and
pe = pp by (13). Finally, assume ¢} < (27 — 1)F < ¢ so that pg = 1 and el = e* for the
public principal [region i)] and €, > ep" for the private prlnmpal In order to show that pp=1
but €} < € in this case, one can apply a similar argument as in ii): suppose by contradiction
that pp < 1 so that we are in region ii) for the private principal. In this situation, we must
have ¢ > ¢ [otherwise, it would be optimal to set pp = 1, see (14)] and €} is given by

%DF [/ (h) — ' (b — AG)] .

1= V@) +

while €% is determined by (**) so that ¢ > ¢ implies €}, > e*. However, since (PC) is binding
and (2y — 1)F < ¢f* by assumption, (13) implies

o(€p) =pp(2y — 1)F < ppol < ¢ &  €p <ey,
a contradiction. Hence, pp = 1 which also implies e} < e/'. O

Proof of Lemma 1: Let
_Q{9_€ + (e )—I—oz]Ua}—l—(l—q){H—e + (e )"‘O‘]U }+ (1 —qg)pjc

be the expected operating costs of the firm for the principal j € {G, P} if auditing occurs with
positive probability. Similarly, let

Cr* = q{0 — e/ + ¥(e)") + ;U + (1 — {0 — )" + »(E}*) + U, }
be the corresponding cost if p; = 0. We want to show that

Cre — C% > CRo — (8. (15)
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Since U? = U}w = Uy and €} = €7, we can confine our attention to differences in €; and U;.
Suppose first (27 — 1)F < ¢}*. Hence, €] = €7, pj =1 and U] = U} — (2y — 1)F > U, from
Proposition 1. Substituting these expressions into C* — C immediately yields

na a >\ na a
Cp' —Ch=q@y - DF — (1= q)e> ¢ 2y - DF = (1 —q)e = 5" — C&.

Next, consider ¢}* < (2y — 1)F < ¢*. Again, Proposition 1 implies et = €3, pg = 1,
ep >ep, UL =Ul—(2y—1)F > U, and Up = U,. Also recall that Up" = U, + ¢3* and from
the proof of Proposition 1 [Step 2, ¢)], that pp = 1 and e} < ef*. Condition (15) simplifies to
Y _ _ A
q0p' + (1= {ep — €' = ¥(Ep) + ¥(ep)} > a7 52y - DF

Now, (4) implies that 1 — /() > 257% [¥/(e) — ¢'(e — Af)] for all effort levels e < e,
Hence, e < e} < el implies

> (-9 | CT V(0 — v - 26)] de

A

— a1 (@b — 03,

Using this inequality and the fact that Uy = U, < ¢% = (27 — 1)F (since pp = 1) yields

na —=Qa =na —Q =na na )\ na
qop" + (1 —g){ep —ep' —v(ep) +Y(ep")} > qdp +q71+>\(2’y—1)F7q1+)\ P
= g(1— —2)gne 2y —1)F
¢l =)o a2 - 1)
A

for ¢'5* > 0 and A << oo as required. Finally, consider ¢ < (2 —1)F which implies pg = pp,
ep =eg > ey and Uj = U, by Proposition 1. Condition (15) can be written as

99" + (1 —g){ep —ep' — ¥(ep) + ¥ (Ep)} > a7 o' + (L —o){eg — &g’ — v(ee) + v ()},

which is for €} = €, equivalent to

A
90F" + (L —{eg’ — €' —v(ed) +v(Ep)} > g 96"
Since €5 < g, applying the same argument as above yields
_ _ _ _ e’ A
(1= geg” —ep" —v(e) +v(Ep)} = | 1 =vi(e)lde > gy (9" — oF),
ent

and the result follows. O
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