~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Jeitschko, Thomas D.; Withers, John A.

Working Paper
Dynamic regulation revisited: Signal dampening,
experimentation and the ratchet effect

DICE Discussion Paper, No. 318

Provided in Cooperation with:
Disseldorf Institute for Competition Economics (DICE), Heinrich Heine University Dusseldorf

Suggested Citation: Jeitschko, Thomas D.; Withers, John A. (2019) : Dynamic regulation revisited:
Signal dampening, experimentation and the ratchet effect, DICE Discussion Paper, No. 318, ISBN
978-3-86304-317-9, Heinrich Heine University Disseldorf, Diisseldorf Institute for Competition
Economics (DICE), Dusseldorf

This Version is available at:
https://hdl.handle.net/10419/200152

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/200152
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

DISCUSSION PAPER

No 318

5 s '1;.4’; sl
7/5; .;“-‘f% /

HEINRICH HEINE

UNIVERSITAT DUSSELDORF

d|u|p disseldorf university press




IMPRINT
DICE DISCUSSION PAPER
Published by

disseldorf university press (dup) on behalf of

Heinrich-Heine-Universitat Diusseldorf, Faculty of Economics,

Disseldorf Institute for Competition Economics (DICE), UniversitatsstraBe 1,
40225 Disseldorf, Germany

www.dice.hhu.de

Editor:

Prof. Dr. Hans-Theo Normann
Dusseldorf Institute for Competition Economics (DICE)
Phone: +49(0) 211-81-15125, e-mail: normann@dice.hhu.de

DICE DISCUSSION PAPER

All rights reserved. Disseldorf, Germany, 2019

ISSN 2190-9938 (online) — ISBN 978-3-86304-317-9

The working papers published in the Series constitute work in progress circulated to

stimulate discussion and critical comments. Views expressed represent exclusively the
authors’ own opinions and do not necessarily reflect those of the editor.



Dynamic Regulation Revisited: Signal Dampening,
Experimentation and the Ratchet Effect

Thomas D. Jeitschko* John A. Withers'
July 2019

Abstract

Regulators and the firms they regulate interact repeatedly. Over the course of these
interactions, the regulator collects data that contains information about the firm’s id-
iosyncratic private characteristics. This paper studies the case in which the regulator
uses information gleaned from past cost observations when designing the current pe-
riod’s contract. Cost observations are obscured in stochastic settings and so perfect
inferences about underlying private information are not possible. However, the design
of the regulatory contract affects how much information is gleaned. When learning
more about the firm’s type, the regulator increases expected second period welfare by
reducing distortions tied to asymmetric information. In contrast, by learning less about
the firm’s type, the regulator reduces incentive payments in first period. The trade-off
between the desire to be more informed and to reduce incentive payments leads to a
contracting dynamic that aligns with anecdotal, experimental and empirical evidence
of the ratchet effect.
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Signal Dampening, Regulation

JEL Classification: D8, C73, L5

*E-mail: jeitschko@msu.edu; Michigan State University.
fCorresponding Author; E-mail: wither38@msu.edu; ISO New England



1 Introduction

In regulated industries, firms and regulators have long-term relationships with one another.
The rules and procedures that govern these relationships are revised over time. When the
regulator cannot commit at the outset of the relationship to how these rules and procedures
will be updated in the future, the ratchet effect arises.

In repeated agency interactions, the ratchet effect describes the agent’s response to the
principal’s inability to commit to long term contracts. The principal learns about the agent’s
ability, or the economic environment, by observing his performance. The principal then ad-
justs the agent’s compensation in the future based on what she learns from this observation.
The more the principal learns about the agent, the more rent she is able to extract. To
obscure the principal’s learning process, the agent restricts his performance, or reduces his
effort. This allows the agent to avoid more stringent incentives in the future.

Take, for example, a regulated monopoly that provides electricity to consumers. Period-
ically, the regulator will undertake a rate case to evaluate whether current electricity prices
offer the utility a fair return on capital. During the rate case, the regulator observes the
utility’s operating expenses, along with other measures such as the firm’s rate base (capital),
taxes and depreciation expenses. Based on these measures, the regulator determines the
revenue that the firm needs to earn to recoup operating expenses and make a fair return for
their investors. This revenue target in turn determines the prices that the utility can charge
consumers.

During this process, the regulator learns about the firm’s efficiency by observing the
firm’s operating expenses. The regulator expects that a firm with high operating expenses
in the current rate cycle will have high operating expenses again in the next rate cycle, and is
thus more willing to give a generous reimbursement. Therefore, the firm has little incentive
reduce operating costs, since a better performance today implies a less generous revenue
requirement in the next rate cycle.

Some of the earliest anecdotal evidence of the ratchet effect comes from studies of piece



rate factory workers (see Matthewson, (1931)), Roy| (1952), Montgomery| (1979) and (Clawson
(1980)). Matthewson| (1931) documented that piece-rate workers understood that a good
performance today ultimately made them worse off in the long run. To see this, suppose
a worker produces more units of output in the current period than in the previous pay
period. Since the worker is paid per unit, the worker earns more in the current period than
in the previous period. Workers learned, however, that the factory manager’s response to
this improved performance was an increase in his performance expectations. In response to
this behavior by factory managers, Matthewson documented that workers “never worked at
anything like full capacity.” [Berliner| (1957)) documented that factory managers in the Soviet
Union responded similarly to incentive systems based on output targets.

The anecdotal evidence discussed above suggests that agents restrict their performance
(i.e., reduce effort) when the principal bases future compensation on information that she
gathers about them. Recent empirical evidence supports this notion. |Macartney| (2016])
adapts the theoretical model of Weitzman| (1980) to examine if teacher value-added schemes
induce dynamic effort distortions among teachers in North Carolina. Teachers in a given
school receive a bonus in the current year if the school-wide average on a standardized test
is above a pre-specified target. The key feature of these schemes is that the target score is
a function of the school’s average standardized test score in the previous year. Clearly, the
higher is the school’s average test score this year, the more difficult it will be for teachers
to exceed next year’s target and receive a bonus. Macartney exploits differences in grade
composition across schools to show that teachers respond to the value-added schemes by
reducing their effort on improving their students standardized test scores.

In the kind of repeated interactions described by Matthewson (1931) and Macartney
(2016)), agents with high ability have the strongest incentive to reduce effort in the present
to maintain information rents in the future. Charness, Kuhn, and Villeval (2011]) use an
experimental design to study the effects of labor market competition on the ratchet effect.

As a baseline case, they examine a two-period relationship between one firm and one worker.



In this baseline case, roughly 60 percent of the experimental subjects who are designated as
having high ability reduce their effort in the first period so that they can maintain a second
period information rent. In a related experimental paper, Cardella and Depew| (2018)) study
the impact of evaluating performance at the individual versus group level on the ratchet
effect. The authors find that workers suppress effort when evaluated individually.

In contrast to the anecdotal, empirical, and experimental evidence discussed above, in
most theoretical models of the ratchet effect, the good agent’s effort does not evolve as one
would expect. For example, Laffont and Tirole| (1987) examine a two-period interaction
between a regulator and a regulated firm in which the firm completes a project for the
regulator. The observable outcome is the project’s cost. The project cost depends on the
firm’s intrinsic cost level, which is the firm’s private information. The regulator cannot
commit, in the first period, to the second period incentive scheme.

In this setting, if a separating contract can be supported, then the low-cost firm exerts
the first best level of effort in the first and second period—that is, there is no change in the
equilibrium effort being exerted. One reason the low-cost firm’s effort in [Laffont and Tirole
(1987) does not evolve in a manner that fits with received evidence is because the firm is
assumed to have perfect control over the observable outcome. That is, the only way for the
low cost agent to hide his private information is to mimic (pool with) the high cost firm.

Contrast this with the case in which the agent does not have perfect control over the
observable outcome (i.e., the relationship between the agent’s actions and the project’s out-
come is stochastic). While Laffont and Tirole (1986) and |Laffont and Tirole| (1993) show that
an additive, zero-mean noise term has no impact on incentives in a static setting (assuming
that both the firm and the regulator are risk neutral), in a dynamic setting noise impedes
the principal’s learning process. |Jeitschko, Mirman, and Salgueiro (2002) and |Jeitschko and
Mirman| (2002) demonstrate this in two-period interactions in which an agent produces out-
put for a principal. They show that as a result of impeded learning two opposing incentives

determine the first period output targets. First, the principal can design the first period



contract to increase what she learns about the agent’s private information. By doing so,
she increases her expected second period payoff. Second, the principal can design the first
period contract to decrease what she learns about the agent’s private information. By doing
so, she decreases the first period transfer to the high productivity agent.

We revisit the equilibrium dynamics in a regulatory context when the regulated firm
does not have complete control over the outcomes tied to their actions. Borrowing from
the framework of |Laffont and Tirole (1987), a firm completes a project for a regulator.
The observable outcome is the project’s cost. In contrast to Laffont and Tirole (1987,
however, the project’s cost is stochastic. The principal uses the cost observation to update
her beliefs about the firm’s type. We show that when the noisy component of the project’s
cost follows a general distribution, the low-cost agent has his effort increased over time.
Therefore, we present a theoretical model whose predictions match with anecdotal, empirical
and experimental evidence of the ratchet effect.

This paper is related to two strands of dynamic principal-agent literature. First, this
paper is related to theoretical models of the ratchet effect. The ratchet effect has most
famously been studied in the context of regulation and procurement (see, e.g., Freixas et al.
(1985), and |Laffont and Tirole (1988) in addition to the aforementioned papers). It has also
been studied in settings such as piece-rate incentive contracts (Gibbons (1987))), optimal
income taxation (Dillen and Lundholm (1996)), and government corruption (Choi and Thum
(2003))). These papers differ from the current paper in that the agent is assumed to have
perfect control over the observable outcome.

This paper is also related to a growing dynamic mechanism design literature. Athey
and Segall (2013) and Pavan et al. (2014)) derive efficient and revenue maximizing dynamic
mechanisms, respectively, when the principal can commit to future mechanisms and the
agent’s private information changes over time (for a survey of dynamic mechanism design
when the principal can commit to future incentive schemes, see Bergemann and Valimaki

(2017)). Because the principal is assumed to commit to future mechanisms, the ratchet effect



problem does not arise.

The dynamic mechanism design literature most closely related to this paper studies
dynamic mechanisms in which the principal has limited commitment power. First, Skreta
(2015)) studies a two period model in which a seller cannot commit not to re-sell an indivisible
good if the first period mechanism fails to allocate the good to one of several buyers. [Deb and
Said (2015)) study a sequential screening problem that builds off of |Courty and Li (2000).
The seller can commit in the first period to the terms of consumption of a good in the
second period, but cannot commit to the selling mechanism offered in the second period.
The principal in both [Skreta| (2015) and |Deb and Said| (2015) is concerned with maximizing
revenue, while the principal in our paper maximizes welfare. Additionally, consumption only
occurs once in each paper; in either the first or second period in [Skretal (2015)), and at the
end of the second period in [Deb and Said| (2015). In our paper, the agent completes a task
for the principal in each period. The principal gathers information about the agent from the
outcome of the first period project, and uses this information to increase the efficiency of
the second period interaction.

Finally, Gerardi and Maestri| (2017) study an infinitely repeated principal-agent interac-
tion. The principal is uninformed about the agent’s private cost characteristic, which may be
high or low. The agent produces a good of observable and verifiable quality for the principal.
Depending on the principal’s prior beliefs and the discount factor, the principal learns the
agent’s type immediately, over time, or never at all. Because Gerardi and Maestri (2017)
study a pure adverse selection setting, there are no direct comparisons between our paper

and theirs about how the low cost agent’s effort evolves over time.

2 Model

Consider a two period interaction between a welfare-maximizing regulator (she) and a regu-

lated firm (he). In each period, the regulator offers the firm a contract to complete a project



that has gross-benefit S. In return for completing the project each period, the regulator
reimburses the firm for the project’s cost, ¢;, and pays the firm an additional transfer, t;(c;).
The additional transfer is a function of the project’s realized cost in each period, and incen-
tivizes cost-reducing effort. The project’s cost in each period depends on the firm’s intrinsic
cost parameter, 3, its unobservable effort, e;, and a homoskedastic, zero mean noise term,
€

Ct:5—€t+€t, t:1,2 (1)

The random variable ¢; is assumed to be distributed over the entire real line according to the
distribution function G(¢) with associated density g(e). The density satisfies the monotone
likelihood ratio property. While the full support assumption is analytically convenient, it
raises two issues that bear mention.

The first issue is that the low cost firm’s effort from mimicking the high cost type may be
negative in the second period. This occurs when the first period cost realization is sufficiently
low. A common assumption in static models is that the regulator’s prior belief that the firm
has low costs is small enough that this situation does not arise. However, in this dynamic-
stochastic setting, the regulator’s second period beliefs are endogenous, and depend on the
first period cost realization. Thus, the analysis allows for negative effort levels. Second, the
full support assumption implies that negative cost realizations are possible. While unrealistic,
the possibility of negative costs does not affect the results of this paper.

It is important to note that ¢, is unobservable both ex-ante and ex-post. Thus, while the
regulator is able to observe total cost ¢; in each period, she cannot determine the individual
impacts of the firm’s type, its effort, and noise. This captures the intuition that the firm
does not have perfect control over the project’s cost. The firm affects the distribution of
costs by exerting effort, but the project’s cost depend on factors outside of the firm’s control.
Another interpretation of noise is that of an “accounting error.” Given the complexity of
accounting rules, and constraints on her time, the regulator may not able to perfectly discern

which costs should and shouldn’t be reimbursed after observing the firm’s income statement



or other supporting documents.

The firm’s type can be either 3 or B, with 0 < B < 3, and remains constant over the
course of the interaction. Throughout, type 3 is referred to as the “low cost type” or “low
cost firm,” and type § as the “high cost type” or “high cost firm.” The firm’s type is its
private information; the regulator’s prior belief that the firm is the low cost type is given by

p. The firm experiences a disutility of effort that can be expressed in monetary terms by

Wler) = < 2 2)

where v > 0. Thus, the firm’s per period utility is given by

U= tt(ct) - w(et)‘ (3)

Although project costs are stochastic, the firm’s effort is not; in each period, the firm chooses
his effort before the realization of &;.
The regulator’s objective in each period is to maximize expected welfare, which is the

sum of taxpayer surplus and the firm’s utility. In each period, welfare is given by
Wt = S— (1+)\>(Ct+tt(0t>) +Ut (4)

Taxpayers enjoy benefit S from the project, compensate the firm for its costs ¢;, and pay
out the incentive fee #;(c;). Since the cost reimbursement and incentive transfer are raised
via distortionary taxation, one dollar paid to the firm costs taxpayers $(1 4+ \), where A > 0
denotes the shadow cost of public funds.

The solution concept used is that of a perfect Bayesian equilibrium. In each period, the
regulator designs an incentive scheme to maximize expected welfare. The incentive scheme

depends on the regulator’s beliefs about the firm’s type. In the first period, the regulator



considers the impacts of the first period contract on expected second period welfare.

At the beginning of the second period, the regulator observes the first period project cost,
and updates her beliefs about the firm’s type using Bayes’ rule. Contracts are short term;
thus, when designing the second period contract, the regulator cannot commit to ignore any
information she learns about the firm’s type from observing the realized first period project
cost.

The firm chooses whether to participate or not in each period. If the firm chooses to
participate, he chooses his effort to maximize his expected utility given the transfer designed
by the regulator. In the first period, he considers the impact that his actions have on the
regulator’s second period beliefs, and thus his expected second period payoffs.

In the analysis to follow, the regulator’s problem in each period is to maximize expected
welfare by choosing a cost target for each type of firm. These targets serve two purposes.
First, whatever cost the firm decides to target determines the firm’s effort. To see this, recall
that effort is chosen before the realization of ;. Thus, the firm simply chooses its effort such
that its expected cost, F[c;] = 8 — ey, is equal to its chosen cost target.

Second, for a given type of firm, the cost target serves as the mean of the distribution
of project costs in each period. Since the incentive transfer is a function of project costs,
the expected transfer in each period depends on the cost target. Thus, at the beginning of
each period the regulator chooses cost targets that, in expectation, form an incentive feasible
menu.

Framing the regulator’s problem as a choice of cost target for each type of firm is with-
out loss of generality as long as there exists an incentive transfer, based solely on realized
costs, that satisfies the three following properties in expectation. First, the high cost firm’s
expected utility from targeting ¢; must be equal to his outside option of zero. Second, the
low cost firm’s expected utility from targeting ¢, must be equal to his expected utility from
targeting ¢;. Third, the firm’s expected utility from targeting ¢; ¢ {c,, ¢} is lower than his

expected utility from targeting either ¢, or ¢;.



When these three properties are satisfied, the high cost firm’s participation constraint and
the low cost firm’s incentive constraint are satisfied in expectation in each period. Further,
neither firm has an incentive to target a cost level other than the cost target designed
for him by the regulator. The paper proceeds by assuming that there exists a transfer
based on observed costs, t;(c¢;), such that the expected transfer, Et;(c;)], satisfies the three
aforementioned properties.

Caillaud, Guesnerie, and Rey|(1992), |Picard (1987) and Melumad and Reichelstein| (1989)
study the existence of such reward schedules when the agent’s type space is continuous. When
the agent’s type may only take on two values, there are fewer constraints placed on the reward
schedule. However, the lower envelope of the high and low cost agent’s indifference curves
is kinked, which implies that it may not be possible to implement the high cost firm’s exact
cost target. However, one can implement a cost target that is arbitrarily close (see|Jeitschko
and Mirman| (2002)).

Throughout the paper, the focus is on deriving an equilibrium that is “separating in
actions.” Because cost observations are noisy, and this uncertainty is not resolved ex-post,
the regulator is not able to determine with certainty the firm’s type by only observing the
cost realization. That is, even when the first period contract is designed in a way that the
low cost firm and high cost firm target distinct cost levels, the regulator does not have full
information about the firm’s type in the second period. Thus, the equilibrium is separating
in actions when the regulator designs distinct targets for each type of firm, and each type of
firm targets the expected cost designed for for him by the regulator. This means in period

t =1, 2, the low cost firm targets ¢,, and the high cost firm targets ¢;.

3 Second period

Sine the model is solved using backward induction, the analysis begins with the second

period. Suppose that the first period contract is separating in actions. At the beginning of



the second period, the regulator observes the first period cost realization and updates her
beliefs about the firm’s type using Bayes’ rule. Therefore, her second period belief that the
firm is the low cost type is given by

pg(cr = ¢))

P2 (e — ) + (L= p)gles — 1) ©)

Consider the numerator of . The regulator’s prior belief that the firm has low costs is
given by p. In the first period, the low cost firm targets c,; when the firm targets c,, the first
period cost realization is ¢; = ¢, + €1. Since g(e;) represents the density of noise in the first
period, g(c; — ¢;) is the probability density of first period costs when the agent targets c;.
Thus, g(c; — ¢;) gives the value of the probability density function when the cost realization
is ¢; and the agent targets ¢;.

Similarly, the probability density of costs when the agent targets ¢; is given by g(¢; —¢;).
Since noise has full support on the real line, both g(¢; — @) and g(¢; — ¢;) are strictly
positive on the entire real line. Thus, the principal never believes to be fully informed about
the agent’s type in the second period. That is, because of the full support assumption,
p2 € (0, 1).

With beliefs given in , the regulator’s problem is to choose expected costs ¢, and ¢o
to maximize expected welfare, subject to incentive and participation constraints (which are

derived below):

max Pz/R [S — (T4 X)(c2 + ta(c2)) + ta(ca) — %(ﬁ - 92)2] g(c2 — ¢y)dey

Co,C2

+(1- pg)/R [5 — (14 ) (c2 + talca)) + talca) — %(5 - 52)2} glca — &)des  (6)

Because the second period game is static, and both the regulator and the firm are risk
neutral, zero-mean noise has no impact on incentives. Thus, the binding constraints on the

regulator’s problem are the low cost type’s incentive compatibility constraint and the high
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cost firm’s participation Constraintﬂ

First, consider the low cost type’s incentive compatibility constraint. The optimal second
period cost targets make the low cost firm’s expected utility from targeting c, equal to his
expected utility from targeting ¢o. When the low cost firm targets c,, he chooses his effort
in the second period such that e, = 8 — ¢,, and thus his private cost of effort is equal to
3 (8- 92)2-

When the low cost firm chooses his effort in this manner, it is easy to see that
El]=E[B—+c+e] =c. (7)

Therefore, the second period project cost can be written as ¢y = ¢, + €2, which implies that
the density of second period costs is given by g(ce — ¢,). And, the low cost firm’s expected

second period utility from targeting c, is given by
— gl 2 . v 2
EU: | ¢ = / [tz(@) B -a)| gl —g)de =t 5 (B-ca) (8)
R

where ty := [, t2(c2) - g(c2 — ¢y)deo.
Similarly, when the low cost type targets ¢z, his effort is given by e, — A = 8 — ¢, and
the density of second period costs is given by g(cy — ¢2). Thus, his expected utility from

targeting ¢, is

2

B olcs—edes =t -3 (3=, ()

EU, | &) = /R [tz(@) - %(

where t5 1= fR ta(ca) + g(cg — €3)dey. The low cost firm’s incentive compatibility constraint

makes him indifferent, in expectation, between targeting c, and co:

Ell:|e] =Bl |a] — t-2(B-c)'=b-2(@B-2)". (10

IThe low cost firm’s incentive constraint depends on whether the low cost type’s effort from mimicking
the high cost type is positive or negative. This issue is addressed shortly.

11



The second period game is designed to extract all expected rent form the high cost type.
When the high cost type targets ¢, his cost of effort is & = 3 — &, and the density of

expected costs is given by g(cy — é). Thus, the high cost type’s expected second period rent

is given by
o= . IRy _ N - SR
E |:U2 |02j| = / [tQ(CQ) - §<6 - Cg) g(CQ - CQ)dCQ = t2 — 5 (ﬁ — 02) . (11)
R
Therefore, the high cost type’s participation constraint is given by
— = V5 2
ElUs]|6)=0 = b=5(B-a) =0 (12)

Simplifying the objective function in @ and using and to substitute for the

expected transfers leaves the following unconstrained problem:

max S —py [(143) (& 5(8-0)°) +A (55— @) - 53 -a))] 5

~ =)+ (@t (B -a)).

where 2(8 — )% — 2(8 — ¢2)? is the low cost firm’s expected information rent.

The first order conditions of this problem imply the following equilibrium efforts and cost

targets:

e =PF—c=—, (14)

and
= 1 P2 A

eo =0 —Cyp=— — —AB. 15
e =0—10C A R Y p (15)

Thus, the low cost type exerts the first best effort in the second period, and the high cost
type’s effort is distorted away from the first best according to the principal’s second period

beliefs. Notice that the effort levels given in and correspond to the standard static

12



game in which beliefs are given by p,. This illustrates that in a static setting, additive noise
has no impact on incentives when the regulator and firm are risk neutral.
One concern in this model is that the low cost firm’s effort from mimicking the high cost
firm,
1 1+ X—po

e AT ESY

Ap, (16)

can be less than zero for values of py close to one. “Negative effort” captures any measures
taken to increase rather than decrease the project cost. To understand why the low cost
type might have to increase project costs in order to mimic the high cost type, recall that
the expected cost for the high cost type are equal to its type minus its cost-reducing effort.
When the first period cost observation is low, this leads the regulator to believe that she is
very likely to be contracting with the low cost type in the second period. In response, she
reduces the effort of the high cost type in order to extract rent from the low cost type. When
this effort is small enough (i.e. when second period beliefs are close to one), & = 3 — &, > B.

This possibility is usually assumed away in static models. However, as € has full sup-
port on the real line, it must be considered in this setting. Since g satisfies the monotone
likelihood ratio property, the principal’s posterior belief that the firm has low costs is mono-

tone decreasing in first period cost realizations. Therefore, there exists a unique value of ps,

defined
(1+ N1 —~Ap)
14+ X—~Ap3

P = pa(c)) = <1, (17)

such that for every ¢; < ¢, the low cost type’s effort from mimicking the high cost type is
negative.
Since the firm cannot experience a dis-utility from negative effort (that is, 1¥(e;) = 0

when e; < 0), the low cost type’s second period incentive compatibility constraint is written
’y _
ty=5(B-c) =t (18)

The high cost firm’s participation constraint remains unchanged. Together, this implies that

13



the regulator’s unconstrained problem when ¢; < ¢! is given by

max S — po [(1 + ) <Qz + %(ﬁ _22)2> + )‘Z (B - 52)2}

Co,C2 2

~ (=)L) (@t (B -a)).

where the low cost firm’s expected information rent is now given by 3 (5 — 62)2.
The first order condition for this problem with respect to ¢, implies the following equi-

librium effort for the high cost type (the low cost type still exerts the first best effort):

BT YR (S )

0
2 v o1+ A= p

(20)

e

The following proposition summarizes the second period game:

Proposition 1. When ¢; > ¢!, the regulator’s problem is given by , while for ¢; < ¢,
the requlator’s problem s given by (@ The first order conditions of and (@ with

respect to ¢, and co imply that the low cost firm’s equilibrium expected rent is given by

(62)2 — %(ég — Aﬂ)2 = Uy, if ¢ > c?,

(

Us(p2) = (21)

e9)* =: uy, if o <d),

N2 N2

where ey is given in , 60— AB in (@, and & in (@) Similarly, equilibrium expected

second period welfare is given by

S — py [(1 Iy <§ - %) + )\gz] (A=) 1+ N) (B—+ 2 ()°) = wn,

S—pa |14 (B %)+ 28| (1= p)(14+ ) (B -8+ 3(#)?) = wh,
(22)

Wa(pa) =

when ¢y is greater than ¢ and less than ¥, respectively.

Regardless of the size of ¢;, the second period game exhibits the classic rent extrac-
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tion/efficiency trade-off present in static adverse selection models:

dQQ dég —1 A ) . .
den doo A < 07 if ¢ > Cq,
dUy(p2) ) dexdpy (1 —p2)* 1+ N B 1 1 -
dpy ) dudded —A1+X)?  1—py ’ ;
20 7o < 0, if C1 S Cy.
de$ dp» v A+ A=)

This is an important consideration for the regulator in the first period, since p, is a function
of ¢, and ¢;.

To see how second period beliefs, and thus second period welfare, depend on the first
period contract, consider ¢; = ¢; + x, for some fixed value z. From , the closer together
are ¢; and ¢;, the closer together are the values of g(¢;) and g(¢1). The closer together are
g(¢1) and g(¢éy), the closer p; is to the prior, p; indeed, if ¢, = ¢;, then g(¢;) = g(¢é;) for all
x, and the posterior is equal to the prior. Conversely, the further apart are ¢, and ¢, the
smaller is g(¢;) relative to g(¢;), and the closer the posterior is to one.

Thus, the distance between first period cost targets directly influences how much the
regulator updates her prior, given a first period cost realization. The further apart are the
first period cost targets, the more accurate are the regulator’s second period beliefs; the
more accurate are the regulator’s second period beliefs, the closer second period welfare is
to the first-best. However, this information comes at a cost. Since the low cost firm’s second
period rent is decreasing in ps, spreading the cost targets apart decreases (in expectation)
the low cost firm’s rent from targeting ¢,, and increases his rent from targeting ¢; in the first
period. This increases the low cost type’s first period transfer. Thus, the regulator faces a
tradeoff between increasing the expected second period welfare or preserving the low cost

firm’s expected second period rent.

4 First period

The second period beliefs, py, serve as the link between the first and second period contracts.

When choosing the first period cost targets, the regulator considers not only the impact that
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they have on first period welfare, but what impact they have on expected second period
welfare as well. The regulator’s first period problem is to maximize the expectation of first
and (discounted) second period welfare, subject to incentive compatibility and participation

constraints, which are derived below:

max S— P/R [(1 + ) (e + ta(e)) +taer) — 2 (8- 21)2} g(er — ¢)dey

c1,C1 2

— (=) [ [0 e+ ae) +hie) = F (- a)] ot - a)

+ 0E[Wa(p2)]; (24)
where W5(p) is given in (22)), and

E[Wa(pa)] = / Wa(pa) [pgler — 1) + (1 — p)gler — &) dex. (25)

A well known issue in dynamic games is that the first period payment to the low cost firm
may be so large that the high cost type’s incentive compatibility constraint binds (the so-
called “take the money and run” strategy). For now, consider the low cost firm’s incentive
compatibility constraint and the high cost firm’s participation constraintﬂ The low cost
firm’s incentive constraint requires that his expected utility from targeting c¢; equal his

expected utility from targeting ¢;. That is,

PGl = [ [ae) = F8 - + alp)] g

:/R [tl(cl) _

where g := g(c1 —¢;) and g := g(c1 — ¢1). The left hand side of is the low cost firm’s

N2 N2

(8= + 8Us(po)| gder =: E[Us| @), (26)

expected utility when he targets ¢, in the first period. He exerts effort ¢, = 8 — ¢, and

receives an expected first period transfer and expected second period rent, where expectations

’In the Appendix it is shown that in sufficiently noisy environments, the high cost firm’s incentive
constraint is slack.
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are taken over the real line according to the density g. If the low cost firm instead chooses to
target ¢, he experiences a disutility from effort e, — A = 3 — ¢;, and receives an expected
first period transfer and expected second period rent. These expectations are taken according
to the density g.

From the perspective of the high cost firm, the first period game is essentially static
since the second period game extracts all the rent from the high cost type. Therefore, the
high cost firm’s participation constraint requires that his expected first period utility from

targeting ¢; be equal to his outside option of zero:

E[T| &) = /R [tl(cl) - g (5 - 51)2] gde, = 0. (27)

By defining ¢, and ¢; analogously to ¢, and ¢,, one can simplify and and solve

for the low cost firm’s expected first period transfer:

tlz

o2

B-af+ 3G -aP-J@-ef+s [ G-l @9

The first three terms on the right hand side of comprise the familiar static transfer: the
low cost firm must be compensated for the cost of its effort, and also for the ability to “hide
behind” the high cost firm.

In dynamic games, there is an additional component of the low cost firm’s first period
transfer. Because the density of noise, g, satisfies the monotone likelihood ratio property,
the distribution of costs induced by targeting ¢; first order stochastically dominates the
distribution induced by targeting c¢;. Therefore, the low cost firm enjoys a higher expected
second period rent when he targets ¢; than he does when he targets c, E| The first period
transfer must compensate him for this opportunity cost to induce him to target c,.

In a deterministic setting, unless the the firm cares little about the future (i.e., the firm

heavily discounts future payoffs), this additional component of the low cost firm’s first period

3That is, because g satisfies the monotone likelihood ratio property, [, Ua(p2)(g — g)der > 0.
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transfer can make it impossible to induce a separating equilibrium. To see this, recall that
in a deterministic setting, the firm has perfect control over the project’s cost. Suppose
the regulator’s contract specifies that the high and low cost firms complete the project at
different cost levels. If the firm accepts such a contract, his actions perfectly reveal his
type to the regulator; information revelation in a deterministic separating equilibrium is an
“all-or-nothing” proposition.

Thus, when the low cost firm follows the equilibrium in the first period, the regulator
believes with probability one that she is contracting with the low cost type in the second
period, and he is held to his reservation utility. Further, when the low cost firm takes out-of-
equilibrium actions in the first period and mimics the high cost firm, at the beginning of the
second period the regulator believes the firm to be the high cost type. In this case the low
cost firm enjoys his highest possible second period information rent, U,(0). To induce him
to target ¢,, the principal must increase the low cost firm’s first period transfer by 6U,(0).

This rationale changes in a stochastic setting. First, simply by following the equilibrium

and targeting ¢, in the first period, the low cost firm enjoys expected second period rent

/R(_fz(pz)gdﬁ > 0. (29)

Second, the low cost firm’s gains from mimicking the high cost firm are diminished. Suppose
the low cost firm deviates and targets ¢; in the second period. The corresponding density of
first period costs is g, so that the low cost firm’s expected second period rent from targeting
cy 18

/R Us(po)gder < / U(0)gdes = Uy (0). (30)

Therefore, the additional component of the low cost firm’s first period transfer is smaller in
a stochastic setting than it is in a deterministic environment.

To proceed with the principal’s first period problem, consider the following assumption:
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Assumption 1. The single crossing property holds in the first period. That s,

> AU, dpo
— > — ) =2 rs —o)d
Y(B=c)=y(B—c)+ i dclg(c1 ¢)dey
dU2 dpg
AB>0 | —— —c)dcy. 31

The single crossing assumption guarantees a regular first period problem by ensuring
that the high cost type’s marginal cost of decreasing the cost target c is higher than the low
cost type’s marginal cost of decreasing the cost target for every c. From , this condition
is satisfied when ‘C% is small, i.e. when the posterior beliefs are not too sensitive to changes
in first period cost. Since the magnitude of % depends on the slope of the density, and
the slope of the density goes to zero when the variance is large, this condition is satisfied
in sufficiently noisy environments. The single crossing condition is also more likely to be

satisfied when the difference between the low and high cost firm’s intrinsic cost levels, Af,

is large.

Proposition 2. The requlator’s full first period problem is given by

ma 5= |43 (e 30— aP) 3 (G- - Jo- e+ [ Li)a - gae )

cq,C1

— (=) +N) (& + 58— @)?) +IEWa(pa)], (32)
where E[Ws(ps)] is given in (25). The first order conditions imply the following first period

efforts (and cost targets):

1 ) d
R et o LY AL L PR
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and

N T pA
R TR (e[ Vi
)

%Wﬂ—mu+m%ﬂmégm@@—®M—EMﬂ- (34)

If the regulator were able to commit to the first and second period cost targets at the
outset of her relationship with the firm, she would implement the same contract in each

period. In Periods 1 and 2, the low cost agent exerts the first best level of effort,

=€ =

1
~ (35)

The high cost firm’s effort distortion remains the same in Periods 1 and 2:

_1_ PA
IRy %)

Comparing (35)) to and to , one can see that each type of firm’s effort is
distorted away from the commitment optimum. Whether the low cost firm exerts more or
less effort than in the commitment optimum depends on how the additional component of
the low cost firm’s first period transfer and expected second period welfare change with the
low cost firm’s first period cost target.

In particular, if

digl {p/\/R(_Jz(m)(g — g)dey — E[Wy]| <0, (37)

the low cost firm exerts less effort in the first period than he does in the second period. To
see this, recall that the second period game is static. In a static game, the low cost firm
exerts the first best effort. The low cost firm also exerts the first best effort in every period
when the principal can commit. Therefore, if the low cost firm’s first period effort, given in

(33)), is less than the commitment effort given in , then his first period effort is lower
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than his effort in the second period.

This case is of particular interest in light of the discussion of the ratchet effect in the
introduction. If e; < e,, then the theoretical predictions of this paper match with anecdotal,
experimental and empirical evidence which shows that high ability agents decrease their
effort at the beginning of their relationship with a principal to maintain information rents
in the future.

In order to explore this, we consider the competing incentives discussed at the outset:
the desire to reduce up-front payments to the low-cost firm that are required to induce the
equilibrium, and principal’s desire to learn in order to reduce distortions and rents in the

second period. We consider each of these in turn.

4.1 Signal dampening

Recall that the low cost firm’s expected second period rent is higher when he targets ¢,
than it is when he targets ¢;. The additional component of the low cost type’s first period

transfer,

5 / Us(p)(g — g)der, (33)

compensates him for this difference in expected second period rents. Without this additional
component, the principal cannot induce the low cost firm to target ¢;. Clearly, the larger
is , the larger is the low cost firm’s first period transfer, given in (28). This subsection
demonstrates that the principal can decrease , and thus decrease the low cost firm’s
expected first period transfer, by reducing the distance between the first period cost targets.

The intuition for this argument is simple. Because the density of noise satisfies the
monotone likelihood ratio property, the principal’s belief that the firm is the low cost type
is monotone decreasing in the first period cost realization. That is, the higher is the first

period cost, the lower is the principal’s second period belief that the firm is the low cost

type.
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The lower is the principal’s belief that the firm is the low cost type, the more effort the
high cost firm exerts in the second period. The more effort that the high cost firm exerts, the
higher is the low cost firm’s information rent. Thus, the less the principal’s second period
beliefs change depending on which cost level the firm targets, the lower is the low cost firm’s

incentive to mimic the high cost firm. To see this, consider Figure [l

g(c1)
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| |
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Figure 1: The probability density of costs depends on the agent’s effort choice

When the firm targets ¢;, the density of first period costs is given by g in Figure .
Similarly, when the firm targets ¢;, the density of first period costs is g. The closer together
are ¢; and ¢y, the closer together are the values of g and g for any given first period cost
realization. The closer together are the values of g and g, the closer second period beliefs
(given in (b)) are to the prior, p.

The less the regulator updates her beliefs for any given first period cost realization, the
closer is the low cost firm’s expected second period rent from targeting ¢; compared to when
he deviates and targets ¢;. This decreases the low cost type’s incentives to mimic the high
cost type in the first period, which reduces the low cost type’s first period transfer, and thus
alleviates the first period incentive problem.

The following proposition formalizes this logic by, for the time being, abstracting from
the impacts of the first period contract on expected second period welfare. The proof makes
use of the connection between effort and cost targets; an increased cost target implies a
decrease in effort, and vice-versa. The proof formalizes the intuition that the regulator can

decrease the low cost firm’s first period transfer by decreasing the distance between ¢; and
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¢;. To do this, the proof shows that the first period transfer is decreasing in ¢, and increasing
in ¢;. This equilibrium transfer effect decreases (increases) the low cost (high cost) type’s

equilibrium first period effort.

Proposition 3. The effect of the dynamic portion of the low cost firm’s first period transfer

is to decrease (increase) the low cost (high cost) firm’s first period effort. That is,

| [ lodta - e <0, (39)
and
d% {p)\ /IR Us(pa) (g — Q)dcll > 0. (40)

The proof of Proposition |3 (found in the Appendix) establishes that even though the
regulator cannot commit to ignore information she learns about the firm when designing the
second period contract, in a stochastic environment the regulator can commit to learn less
via her choice of first period cost targets. Doing so preserves the low cost firm’s equilibrium
expected second period rent and decreases his gains from deviation, which in turn decreases
his first period transfer, alleviating the dynamic incentive problem.

Tying cost targets to efforts also allows a discussion of how the ratchet effect behaves in a
stochastic setting versus a deterministic one. In a deterministic separating equilibrium, the
high cost type has his effort decreased over time, while the low cost type always exerts the
first best effort. As Proposition |3 shows, and as the above intuition argues, in a stochastic
setting the regulator distorts the efforts of both types of firm in the first period, as opposed
to just the high cost firm. In particular, to decrease the low cost firm’s first period transfer,
the principal decreases the low cost type’s effort, and increases the high cost type’s effort,

relative to the commitment optimum.
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4.2 Experimentation

Proposition [3|establishes that the regulator has an incentive to restrict how much information
she gathers about the firm. However, an opposing incentive exists as well. The more the
regulator learns about the firm’s type by observing the first period project cost, the better
she can tailor the second period contract to the firm’s type. The stronger is the regulator’s
belief that the firm is the low cost type (i.e., the closer ps is to one), the lower is the high cost
agent’s effort. This extracts rent from the low cost firm in the second period. The stronger
is the regulator’s belief that the firm is the high cost type (i.e., the closer ps is to zero), the
higher is the high cost type’s cost-reducing effort.

Thus, the better is the principal’s information in the second period, the less-distortionary
is the high cost firm’s effort in the second period. This improves expected second period
welfare by either inducing more cost-reducing effort from the high cost firm or extracting
more rent from the low cost firm. The following lemma establishes that information about

the firm’s type is valuable to the regulator in the second periodﬁ

Lemma 1. Information is valuable. That is, expected second period welfare is convex in

second period beliefs:
d*Wa(ps)
dp3

> 0. (41)
The proof of Lemmal(l]is a straightforward envelope theorem argument, which is given in
the Appendix. Given that information is valuable, one can show that the regulator increases
expected second period welfare, E[W5(p2)], by increasing the distance between first period
cost targets.
To see the intuition for this result, return attention to Figure[I] As the distance between
first period cost targets grows, so does the difference between the value of g and g for any

given first period cost realization. The further apart are the values of g and g, the more the

regulator updates her prior beliefs for any given first period cost realization.

4Information is valuable in the sense of Blackwell (1951)).
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Thus, the information asymmetry between the regulator and the firm in the second period
diminishes with the distance between first period cost targets. Since welfare distortions in the
second period arise because of asymmetric information, an increase in the distance between
¢, and ¢ increases expected second period welfare.

This incentive to manipulate first period cost targets to increase how much the principal
learns about the agent’s type can be interpreted in terms of equilibrium first period efforts.
As the following proposition shows, the principal increases expected second period welfare

by increasing the low cost firm’s effort, and decreasing the high cost firm’s effort.

Proposition 4. The effect of expected second period welfare is to increase (decrease) the low

cost (high cost) firm’s first period effort. That is,

and
dE[Ws(p2)]

The proof of Proposition |4] (also in the Appendix) establishes that the principal increases
expected second period welfare by increasing the distance between the first period cost
targets. Since the game ends after the second period interaction, the only welfare distortions
in the second period arise because of the presence of asymmetric information (i.e., there are
no dynamic considerations as there are in the first period). Thus, any measures the regulator
can take to decrease the information asymmetry in the first period, increase expected second

period welfare.

5 Equilibrium ratchet effect

The analysis has shown that two opposing incentives determine the optimal first period

contract. To decrease the low cost firm’s first period transfer, the regulator must decrease
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the distance between the first period cost targets, and restrict how much she learns about
the firm’s type. To increase expected second period welfare, the regulator must increase the
distance between first period cost targets, and increase how much she learns about the firm’s
type.

To determine the combined effect of these competing incentives on the first period cost
targets, consider the following re-formulation of the regulator’s first period problem:

max S—p[(l—l—/\) <g1+

cq,C1

2B -c)?) +A (3B - - J(8-a))]

= (e JG ) 48w - ) (07 - 1)
+6/_i{<1—p><1+x>63—<1+A—p> @)} gde

7
2
+(5/;0 {(1—P)(1+)\)52—(1+)\—p)%é§ +P)%(52—AB)2}§dcl. (44)

1

Note that wf® = § — (1 + \) (@ - %) and WP = S — (1 +)\) (ﬁ_ - %) are the first best
welfare for the low and high cost firm, respectively.

In , the expected transfers have already been substituted using the low cost firm’s
incentive constraint and the high cost firm’s participation constraint. The second period
welfare distortions (how much rent to leave the low cost firm and how much effort to induce

in the high cost firm) are captured by the two integrals. Recall that the high cost firm’s

second period effort determines how much rent is left to the low cost firm. Now, define

A= (1= p)(1+ & — (L+ A= p) S (@) (45)
and
Bi=(1=p)(1+Ne— (L+ A= p)2& +pAs(E— AB)” (46)

The first order conditions of this problem imply the following effort levels for the low and
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high cost firm:

s a [ =
B =t & Agd +/ Bgde |, A7
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A=)+ Nyde |75 )y 79

Again, the equilibrium efforts in (47)) and are distorted relative to the commitment
optimum targets in and . The overall effect of the first period contract is to restrict
how much the regulator learns about the firm’s type if ¢ < €; < e; < €, and to increase
learning if e; < e < e < ey.

Here we show that the net effect of the two competing incentives is to restrict learning;
that is, the low cost firm has his effort increased over the course of his interaction with
the regulator. This result that an agent with favorable private information increases his
effort over time is in contrast with the deterministic theoretical analysis, but comports with
anecdotal, experimental, and empirical evidence of the ratchet effect. Anecdotal evidence of
piece-rate factory workers documented that skilled workers learned to restrict their output
in order to avoid either an increase in their output quotas or a decrease in their piece rates
(see, e.g., Matthewson| (1931), |Clawson| (1980) Montgomery| (1979) and Roy (1952)). In
experimental settings that study two-period principal agent interactions, high ability workers
restrict their output (reduce their effort) in the first period to maintain a second period
information rent (see Charness et al. (2011) and (Cardella and Depew (2018)). Empirical
studies of the ratchet effect show that teachers reduce their effort on improving student’s
standardized test scores when their compensation in the future depends on their student’s

scores today (Macartney| (2016])).
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With this discussion on the relevance of the ratchet effect in mind, we find:

Proposition 5. The Ratchet Effect: If the low cost firm’s second period effort from
mimicking the high cost firm is positive for all first period cost realizations ¢y > ¢, then the

low cost firm has his effort increased over the course of the relationship with the requlator.

That 1is, i
d C(l) o0 T
o / Agdc1+/ Bgde | >0, (49)
=1 R c(l) ]
d i C? o0 T
— / Agdc1+/ Bgde | <O. (50)
dcl —00 &

The important implication of Proposition |5|is that the low cost firm’s first period effort,
given in (47)), is less than his effort when the regulator can commit, . Since the low
cost firm exerts the first best effort in the first period when the principal can commit, and
he exerts the first best effort in the second period regardless of the principal’s commitment
powers, this implies that the low cost firm’s effort increases over time. Put differently,
compared to the second period, the low-cost agent decreases his effort in the first period.

Since the low cost firm’s first period effort is less than in the commitment optimum and
the high cost firm’s effort is greater than in the commitment optimum, the first period cost
targets are closer together than the commitment optimum targets. Therefore, the optimal
first period contract favors reducing the first period transfer to the low cost firm at the
expense of having worse information about the firm’s type in the second period.

Proposition || requires that the low cost firm’s effort from mimicking the high cost firm
in the second period be positive for all first period cost realizations greater than the low
cost firm’s first period cost target. Recall from the discussion of the second period game
that there exists a unique first period cost realization, ¢, such that for all ¢; < ¢?, the low
cost firm’s effort from mimicking the high cost firm in the second period is negative, and for
all ¢; > ¢ the low cost firm exerts positive effort to mimic the high cost firm. Therefore,

Proposition 5 requires that ¢} be less than or equal to the low cost firm’s first period cost
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Figure 2: If ¢? lies in the shaded region, the low cost firm has his effort increased over time

target.

Figure [2] illustrates the restriction that Proposition [5| places on ¢}, which we consider to
be natural. Suppose that ¢? > ¢,. This implies that for some cost realizations greater than
the low cost firm’s cost target, ps is close enough to one that the high cost firm’s second
period effort is close to zero. When the high cost firm’s effort is close to zero, the low cost
firm has to increase costs above its intrinsic cost level, 3, to mimic the high cost firm.

Under the conditions outlined in Proposition [3], the value of learning is decreased in a
repeated relationship; not only is the regulator content to have imperfect information in the
second period, but she chooses to learn less than she could by implementing the commitment
optimum. This is because the benefit of better information in the second period does not

outweigh the concomitant increase in the low cost type’s expected first period transfer.

6 Conclusion

In this two-period model of regulation, the regulator and the firm contract over the comple-
tion of a socially valuable project. The firm has private information about its intrinsic cost
level, which can be high or low, and has imperfect control over the project’s final cost (costs
are stochastic). Due to the noise in the environment learning is impeded and the regulator
determines how much information she gleans about the firm’s type via her choice of first

period cost targets.
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The regulator can gather more information about the firm by increasing the distance
between first period cost targets. The better the regulator’s information is about the firm’s
type in the second period, the higher is expected second period welfare. Conversely, the
regulator gathers less information about the firm by decreasing the distance between first
period cost targets. The less the regulator learns about the firm’s type, the higher is the
low cost firm’s equilibrium expected second period rent, and the lower is its benefit from
mimicking the high cost firm. Thus, by decreasing the distance between first period cost
targets, the regulator decreases the low cost firm’s first period transfer.

Given a natural restriction on the regulator’s second period beliefs, the net effect of the
first period contract is to decrease the distance between the first period cost targets. Thus,
the regulator’s desire to reduce the first period transfer is stronger than her desire to improve
expected second period welfare.

This implies that the low cost type exerts less than the first-best effort in the first pe-
riod, and has his effort ratcheted up over the course of his interaction with the regulator.
Anecdotal, experimental and empirical evidence of the ratchet effect suggests that agents
with favorable private information preserve their future information rents by taking actions
to keep this information private. Thus, the prediction that the low cost firm increases his

effort over time aligns closely with observed repeated principal-agent interactions.

Appendix

High cost type’s first period incentive constraint

Given the expression for the low and high cost firm’s equilibrium efforts, one can verify that
the high cost firm’s incentive constraint is satisfied in sufficiently noisy environments. Since
the high cost type’s participation constraint binds in expectation, it is sufficient to check
that

th—2(B-e) <o (51)



Substituting for ¢, from (28) and simplifying, this requires

)
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Thus, the high cost firm’s incentive constraint is satisfied when
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+5/]11\)Q2(P2)(9 —Q)dcl. (55)

From Proposition 4, %E [W5] < 0. Therefore, it must be checked that when the variance is

sufficiently large,

a0 ;5))\(1 pY d%l /RQ2<P2)(§ — g)decy + 5/RQ2(,02)(§ — g)dey = 0. (56)

From Proposition 3,

d du ? _
o U2(,02)(g g)de; = /0 y zk L/g2 —g g} dcy -|-/ —2k; L/ 2 g2g'} der.  (57)
=1 c

®And using the fact that
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As the variance of first period cost increases, the slope of the density goes to zero. As the
slope of the density goes to zero, so too does % Je Us(p2)(g — g)des.

Turning attention to [, Uy(p2)(g — g)dcy, integration by parts yields

/Rgz(pg)(g—g)dclz—/ du dpy (G — G dey + /0 du, dp, (G —Gldey|. (58)

dp2 dC1 dﬂz dCl

Since 902 — P(1—p)[g'g—g7']

o o goes to zero as the slope of the density goes to zero, this term is

close to zero when the variance is large. Thus, the high cost type’s incentive constraint is

satisfied in noisy enough environments.

Proof of Proposition

Proposition. The effect of the dynamic portion of the low cost firm’s first period transfer

is to decrease (increase) the low cost (high cost) firm’s first period effort. That is,

di [,0)\ /R Us(pa)(§ — )dcll <0, (59)

and

d

| [ e - e | >0 (60

Proof. Consider the expression for the low cost type’s first period effort given by . Ab-
stracting from the effect of the first period contract on expected second period welfare, the
low cost type’s equilibrium first period effort is less than in a deterministic separating equi-
librium (that is, less than 1 5, the first best) when is true. To show that holds,

consider

o [ oo >@1(£[/q£@—gMa+/mm@—9w1

R o0 0

1
0
“a dug dp2 0./ du2 dpQ
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Integrate the second term under each integral on the right hand side of by parts. Doing

so yields

¢ quld [d do, d .
auy | apP2 _ P2 P2 0_1¢
. — = d 1

/oo dp? |:dcl (dgl * dCl) g:| ot QQQ‘*OO

o dQQ dpg dpg dpg oo
=2 2 d
oy o (i o el

Now,
dpy, — —p(1 = p)g'g
de, D? ’

and
dpy  p(1—p)lg'g — g7
d01 N D2 ’

where D = pg + (1 — p)g. Thus,

/

s | dpa_ =001~ p)ag
de,  dey D? '

Further,

uSg|™ -+ g’y = g(e) [uB(6) — ()]

When py = p, it is easily verified that

Uz(Pz) 7A52 = Uz(PQ)

After substituting for the relevant terms and simplifying, becomes

—oo dp2 dp2

9 0
/1 %/{ E/§2_g2g/] d61+/0 du?k[g —2 f]l] dey,
‘1

where k = %{p).
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dusg dud
Because == < 0 and =2 < 0, to show that
dp2 dP2 )

gg2 - g2g/ < 07 VCI? (69)

it is sufficient to show that the above integrals are negative over their respective limits of
integration. This follows from the monotone likelihood ratio property (see, e.g., the proof of

Theorem 2 in Jeitschko and Mirman (2002)). Thus,

d
d—glp)\/Rgz(Pz)(g — g)dcy

4 qud * du
= pA / —2k [¢'7" — ¢°d] dc +/ —2k [¢'7" — g°7] der | <0, (70)
— 50 dp2 c(l) de

and the low cost firm’s first period effort is decreased. A similar proof shows that

d d
2| [ vloa - gder| = | [ Catpa)la — s | > 0. ()
dey | Jr dey | Jr

Thus, the effect of the dynamic portion of the low cost firm’s first period transfer is to

decrease the distance between cost targets, and reduce how much the regulator updates her

prior for any given cost realization. O]

Proof of Proposition

We first prove Lemma [T}

Lemma. Information is valuable. That is, expected second period welfare is convex in second
period beliefs:
d*Wa(ps)

22, 72
dp3 (72)

Proof. From the perspective of the second period, expected second period welfare is given
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by . When ¢; > ¢, welfare can be expressed as

we = argmax S — po <(1 +A) (@ —ey+ %(§2)2> + )@2)

- (1—p2)<1+x>(5—52+%(@)2). (73)
By the envelope theorem,
2—2 = —(14+ M) (8 — ealp2) + %(Ez(ﬂz))Z) — My (E2(pa)) + (1 4+ A) (B — e2(pa) + %<é2(p2))2)
= (1+N)(AB+ %) — Auy(E2(p2)) — (14 A)(€2(p2) — %(52(02))2)' (74)
Thus,
= AR - (N =) T >0 (75)

duy

since 22 > 0 and % < 0, and the high cost type’s effort is less than the first best, which
implies (1 — véy(p2)) > 0. Because (1 —~ey) > 0 and Z—?g > 0 and % < 0 as well, the proof
2

is identical for w§. Thus, information is valuable. ]

Proposition. The effect of expected second period welfare is to increase (decrease) the low

cost (high cost) firm’s first period effort. That is,

dE
dc,
and
dE[Wa(p2)]
——== >0 7
doy (77)
Proof. From the perspective of the first period,
C? o0
E[Wa(ps)] = / wy [pg + (1= p)g] der + /0 ws [pg + (1 — p)g] dei. (78)

1

35



First, consider

dE[Ws(p2)] /C(l) dw9 dp, . o
Sle\P2)l aws apy - B ;
dgl 0o de d§1 [pg + ( p)g:| w2pg C1

e d'lUQ d,OQ _ ,
et R o 1— — dey. (79
+ /c? dpa dc, [pg + (1 = p)g] — wapg'dey. (79)

Integrate the second term under each integral by parts. Doing so yields

0
ci dwg dpg dpg dp2 B 0 0
e’} “p2 | 9Pz ap2 i _ der — 0

/oo dps {(dgl + dey Py -+ d§1( p)g| dec wng|_oo

* dw d d d ©
+/ 2 {(ﬂ + ﬁ) pg + ﬂ(l —p)g| dcy — wng}c(l) . (80)

o dpy [\de;  de dc,
Now,
CO oo
— wypg S~ wapy Q=" wypy o+ wapg| o = 0. (81)
From the proof of Proposition 3, % = %f)g/g, % = %%’g—gg’}’ and flif + % =
—p(1—p)gg’
D2

Substituting the above into yields

/C? dwl [—p(1 —plgg"  p(1 —p)g’§<1 ~alde
e dp2 D2 pg D2 P)g 1
> dwy [—p(1—p)gd p(1—=p)g'g _
+/co dpj [ Dz PQ—T_(l—P)Q de;  (82)
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Using the fact that (1 — p2)?> =1 — pa — pa(1 — pa), re-write as

C(l) dwO C(l) wo
— /_OO W;PQ [02(1 —p)g — p(1— 02)2/} dey — /_OO Wi(l — p2)pg'des
—/m@p [p2(1 = p)g" = p(1 = p2)g'] de —/m%(l—p )py'dc
& dp2 21 ve ' 9 dp2 PrET
Since py = p—g and 1 — pg = (I}f)g,

—0o0

> dwsy d < d
+ /0 ﬂﬂpngcl — / &(1 — p2)pgdey.
1 1

Once again, use the fact that Dp, = pg, and becomes

0 0
U dw dpy “ dw
—=——pgdc; — —(1— 'd
/ dpy dcy PEEEL /—oo dﬂ2< pz)pg “

00 [e's} dU)Q
—2 P pgdey — [ =2(1— 'de.
+/c? dp, dc, P20 /C? d/)z( p2)pg'dey

Integrate the second and fourth integrals in by parts:

0
a dwd
/ d—2(1 — p2)pyg'der
P2 -

—00
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o0 [ d?w, dp, dwy dpo
- Z 22 ) = 22202 ndey
g / (d,og dcl( p2) )pg c1. (89)

Substituting back in to yields

dE[Ws(p2)] /C(l) d*w$ dps /OO d*wy dpy
a2l _ 1= po) 22 gd T2 00— )22 544
de, N (1—p2) 4, Pader + vy (1= p2) 4, Pade
d dw$
Wy w2> (90)

+(1— P2)Pg(d—p2 "

0
1

Since % < 0 by the monotone likelihood ratio property, by Lemma 1 the integrals are

negative for all ¢;. It is left to show that, when evaluated at c?,

0
dwy _dwy _ (91)
dp dps

Lemma 1 gives the expression for 2—7;’22, and a similar argument yields

0
dwy

T2 = (L N85+ 5) = e — (L V(@) ~ S@)). (02

Thus, when evaluated at ¢?,
dw,  dw} 0( 0 0
— ——==Au —u
dps  dps [_2<P2) _2(P2)}
_ _ e 7
(142 [8008) — @2(08) + 2 @) — 2@ ()] . (93)
From Proposition [}, u3(p3) — u,(p3) = 0. Further,

&(py) = AB = &(py). (94)
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Thus,

d dwy
M 2 (95)
dps dp2
and
dE[WQ(pQ)] /C? d2wg dpg /oo d2w2 dpg
—_— = 1 — po)——pgd 1 — po)——pgd .
i, N (1 —p2) Jo, Pader + v (1= p2) Jo, Pader <0 (96)
A similar proof shows that
dE[Ws(ps)] / d?w) dps /°° dPw, dp,
— = 1 — po)——pgd — (1 — pa)=—pgd 0. (97
dey s dp3 (-0 )dcl pgde o dpj ( p2)d01 pader) = o7)

Thus, the effect of expected second period welfare is to increase the distance between the

first period cost targets. m

Proof of Proposition

Proposition. The Ratchet Effect: If the low cost firm’s effort from mimicking the high
cost firm s positive for all ¢y > ¢, then the low cost firm has his effort increased over the

course of the relationship with the requlator. That is,

d [ § 9] 1
— / Agdc1+/ Bgde | >0, (98)
dgl —0o0 c(lJ

d [ § 9] 1
dcl —00 §

Proof. To prove Proposition [f] consider
0

/ Agdc1+/ B gde
—0 CO

1

dc,

[e%¢} dp2 dgl

¢ dedd ° deyd
:/ A'ﬂﬂgdclJr/ BE2 2000, (100)
— c(l) =

where

A= (1=p)(1+N) = (1+A—phed (101)
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and

B = (1= p)(1+ \)(1 = 7&) — pAyAB. (102)
First, focus on i
/_ OO A’Z—ig%gdq. (103)
Since

it follows that

L 14

) AL+ 2)(p2 = p)
14+ XA—po .

105
1—|—/\—p2 ( )

(1= p)A+A=pa) — (1= p2)(1+ A —p)] =

Since ¢; < ¢ < ¢é, where ¢& is implicitly defined by g(é1) = g(é1) (see Figure , p2 > p.
Thus , A" > 0.

Further, for every c¢; < ¢, g is increasing, so g’ > 0 (see Figure ; thus,

dpy,  —p(1—p)g'g
— = =" <. 106
ac. [ (106)
Therefore, since Z_,é;% < 0 for all ¢, and since ¥ < ¢,
4 ded dp,
AL PG00 S 107
| a2 (107)
for ¢ € (—o0, ).
Now, return attention to
< desdps
B'—=—"=gdc,. 108
/CO dpa dQ1g “ (108)
Using the definition of %, 108]) can be re-written
—P -~ 2 1
— B'——(1 — p2)“g'dcy. (109)

1_p c(l) dp2
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Integrating by parts yields

de, >
B ——=(1 — py)?
dp2< p?) g C(l)
o des \ d2e, dé,
— —A=p)1+Mv[—=2) - B | —2(1—py) — 22| (1 — po)—2gd
/ [( A (52) o+ 8 |20 ) - 292 | (- ) P
(110)
Notice that
—2(1—py) —2—2 = — = 0. 111
A A P R Wy R PN Y i
Thus, ((109) becomes
—p ,dég 2 /Oo d@g) 2dp2
— | —-B'"—(1— + 1-— 1+ A — 1— —=qd 112
) RO I R n(52) -y, ()
First, notice that
o) — 2
—p des 2 dp2
— 1—p) 1+ My [ —=2) (1-p2)22gd 11
[ e (52) 0 gt >0 (113)

since (C‘% < 0 for all ¢1, and every other term under the integral in (113|) is positive. Now,

consider
14 /déQ 2
T B——(~- : 114
1—0p dpQ( p2) g y (114)
Since
des —AASB
P ) 115
dp2 (1 —p2)?(1+ ) (115)
(114) can be simplified to
—pAAS 0 0
B'(c})g(c). 116
1-p) L+ N (c1)g(cy) (116)
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When evaluated at ¢; = ¢?, &, = AS. Thus,

B = (=0 1= o= las] (17)

and (114)) further simplifies to

1+A—p y
—p)(1+A)

— pPAAS {1 e Aﬁ} g(c)). (118)

Clearly, the term in brackets in is less than one. It is also equal to vy(es(p) — AB),
where é3(p) — Af is the low cost firm’s effort from mimicking the high cost firm in a static
game in which the regulator’s beliefs are given by p. This is assumed to be positive; thus,
the expression given in is negative. However, the terms multiplying g_](c[l)) are small,
and if g(c?) ~ 0, the term in can be ignored in signing the first order condition.

Thus,
d | 4 x ¢ del dp,
- Agd Bgde, | =~ A2 54
de, /_OO g 01+/c(1) g dacy /_OO dpgdglg c1
-2 00(1 —p)(1+A)y dey ) (1- ,02)2@gdc1 >0, (119)
1 -p § d,02 dey = ’

and the desired result is obtained. A similar proof shows that

o 00 o ()
/ Agd01+/ B?]dcl / Agd01+/ Bgdcl
—o0 9 —o0 9

1 1

d
dc,

Cq

(120)

Thus, the low cost (high cost) firm’s effort in the first period is below (above) the commitment
optimum, and his effort is increased (decreased) over the course of the interaction with the

regulator. O]
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