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Monitoring in Networks and Hierarchies:
Congress and Organizations

George Tsebelis

This chapter uses games among three players to analyze the properties of
different monitoring systems. A monitoring system includes at least two play-
ers, a monitor and a monitored. The monitoring agent oversees whether some
rule or regulation is followed. Because of monitoring costs, the monitoring
agent prefers to engage in this oversight activity if there is deviance from the
rule; otherwise he does not monitor. The monitored agent would prefer to
violate the rule in the absence of the monitoring agent, but complies with the
rule in his presence. Either or both of these two players may be individuals,
as is the case with ticket inspectors; organizations, as is the case with pollut-
ing firms and environmental protection agencies; or collective entities, as is
the case with the police and the public. A monitoring system arises as one
way of fighting moral hazard, or hidden actions. A hidden action occurs when
two interacting players have diverging interests and one of them cannot ob-
serve the relevant actions of the other.

It may be the case that in such monitoring interactions other players are
also involved. for example, if one considers the monitoring game between
the police and the public, it is obvious that both players are affected by the
behavior of judges, lawyers, the prison system, the legislature, etc. Similarly,
in the monitoring game between the Legislative and the Executive in a Presi-
dential system (usually called Congressional oversight activities), the payoffs
of both players are set (assuming a democratic system) by the people through

This paper was written while [ was visiting at the Max-Planck-Institut fllr GeseJlschaftsfor-
schung in the summer of 1991. I would like 10 thank Joel Aberbach, Miriam Golden. Fritz
w. Scharpf, and Tom Schwartz for their comments. I would also like to thank Matthias
Reinhardt for research assistance.
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elections. All these cases have the common characteristic that third players
either set the rules of the monitoring game (as in the case of legislatures
writing criminal law, or setting the budget for prisons) or move after the
monitoring game itself is over (like judges and lawyers). In game-theoretic
terms, these third players move either before or after the monitoring game.'

It turns out that when two players are involved in a monitoring game,
while other players move before or after this game, under a wide variety of
conditions, changes in the payoffs of one player affect the behavior of the
other. For example, increases in penalties reduce police monitoring, while
increases in the police's payoffs for monitoring reduce crime. These results
hold even if the monitor and the monitored players are not unified but are
composed of different "types," even if some of the types of the monitor prefer
to monitor constantly, and even if some of the types of the monitored prefer
to violate or to comply all the time with a rule. The results do not require
rationality of the players, but can be derived under less restrictive adaptive
behavioral assumptions (Tsebelis I990a).

I will not examine such cases here. Instead, I will focus on cases where
some third player plays simultaneously with the first two. In particular, the
third player will assume the role of monitor. In the extreme cases, the third
player would be used to monitor one of the other two players exclusively.

If the third player monitors the monitored agent, then the situation may
be characterized as one where two independent police forces have the same
jurisdiction. An archetypical case would be the legislative oversight of a
bicameral legislature in a Presidential system such as the US. This is where
the first part of the subtitle comes from.

If the third player monitors the monitoring agent, we face a simple case
of a hierarchy, where the superior monitors middle-level agents, who in turn
monitor lower-level employees. This archetypical case generates the second
part of the subtitle.

Finally, in more realistic settings, the third player may be interested in
the behavior of both other players, and the other two players may be affected
by his choices. One of the models of this chapter will investigate such general
situations.

For discussion of such monitoring games see Bianco! Ordeshook/ Tsebelis (1990) and
Tsebelis OWl).
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The chapter is organized in three sections. The first discusses different
monitoring systems, presents an exhaustive typology, and indicates their com-
mon property: absence of dominant strategies for the actors involved. The
second presents a series of three-player monitoring games and examines their
comparative statics: How do players react to a change in penalties of the
monitored agent or agents? What would be the impact of a technological
innovation that makes cheating or shirking more difficult for one of the play-
ers? etc. The third part will be an attempt to relate the conclusions of these
models to existing institutional settings.

I Styles of Monitoring: Self-Reporting, Fire Alarms, and
Police Patrols

Some rules do not need enforcement to be observed. For example, once traffic
lights are in place, it is in the interest of all parties to observe them. Similarly,
in some cases deviance m? be reduced through incentives rather than through
rnorutonng and penalties. However, once we restrict our attention to moni-
toring as a means to induce compliance to rules, we can distinguish different
methods or styles.

McCubbins/ Schwartz (1984) distinguish two ways of detecting violators
of a rule. They call the first "fire alarms" and the second "police patrols."
In the fire alarm case, the rule-making actor (society, the legislature, or Con-
gress) "establishes a system of rules, procedures, and informal practices that
enable individual citizens and organized interest groups to examine adminis-
trative decisions (sometimes in prospect), to charge executive agencies with
violating congressional goals, and to seek remedies from agencies, courts,
and Congress itself' (McCubbins! Schwartz 1984: 166). Fire alarms are char-
acterized by this third-party intervention and a posteriori action of an over-
sight institution. Aberbach (1990) calls this kind of monitoring reactive over-
sight. Police patrols are the active case of monitoring. A special agent is

2 The regulation literature (Hawkins! Thomas 1984) distinguishes between compliance
and deterrence. For a discussion of different methods to reduce deviance see Tsebelis
(forthcoming).
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assigned the role of discovering violations of rules and identifying the viola-
tors. This, Aberbach (1990) calls active oversight.

I would like to discuss a third method of monitoring, which I will call
self-reporting. This method is not very frequently employed by Congress, so
it does not appear in the debate between McCubbinsJ Schwartz and
Aberbach3 Sometimes in order to facilitate its work, a monitoring agency
asks players in its jurisdiction to fill out a questionnaire regarding a particular
activity. For instance, the Internal Revenue Service asks citizens to make an
income tax statement; customs typically requires travelers to fill out a state-
ment about goods purchased abroad; corporate actors may have to respond
to agencies about their activities and an agency may follow up upon receipt
of statements from a firm. The advantage of self-reports is that they restrict
the population of potential violators, thereby easing the monitoring activity.
The customs officers, for example, can tax the people who declare that they
have brought taxable goods in the country, and randomly check only the
subset of people who claim they have nothing to declare.

I will use two different criteria and distinguish three categories of monitor-
ing. The first is whether the monitoring agency takes the initiative to monitor

<or whether instead it monitors in response to some external catalyst. I will
call the first case active monitoring and the second reactive monitoring. The
second criterion distinguishes two different kinds of reactive monitoring,
according to who took the initiative. If monitoring was triggered by a report
from the monitored actor I will speak of self-reporting, while if it is a third
agent, I will speak about fire alarms.

McCubbinsJ Schwartz analyze congressional oversight of the executive
branch and come to the conclusion that fire alarms are cheaper and more
profitable than police patrols for Congress, and therefore preferable to them.
They conclude that the absence of active monitoring by Congress does not
mean that Congress does not exercise its rights (or duties), but that it has
found a better way of achieving the same goal: it has assigned to concerned
citizens the responsibility of discovering the necessary information concerning
violations of laws, so it does not need to monitor on their behalf. The argu-
ment seems compelling, persuasive, and general. However, it cannot be but
a partial one.

3 For example, in the 95th Congress "agency reports required by Congress" was the 10th
ranking technique for Congressional oversight (Aberbach 1990: 132).
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Aberbach's (1990) careful study of Congressional oversight demonstrates
that 63% of oversight activities by the Appropriations committee as well as
34%of total activities by all committees can be classified as the active variety
of monitoring. Moreover, some 20% can be classified as "intermediate moni-
toring," leaving less than 50% of oversight activities to fire alarms. Aberbach
(1990: 98) concludes that the "police patrol approach is prominent." He ex-
plains this prominence by the changing nature of incentives on Capitol Hill
and in its environment (especially the increasing importance of zero-sum
games between a politically opposed legislature and executive in a period of
scarcity of resources, and the exogenous growth of congressional staff).
. Since fire alarms are not the best choice regardless of institutional setting,
It is interesting to investigate the conditions under which each one of the three
forms of monitoring will prevail. I propose the following tentative conditions:

I. Are the violation and the violator obvious?
2. Is it easy to repair damages arising from the change in the status quo?
3. Do outsiders have an interest to report?

If the answers to all of these questions are affirmative, then the likelihood
of the use of fire alarms increases. If the answers to the first two questions
are affirmative but to the last one negative, self-reporting is likely to prevail.
In all other cases, active monitoring will be prevalent.

I. Logically there are two distinct cases of the imposition of sanctions.
In the first case, the violation is obvious and the identity of the violator is
known. If the rule involves some generally visible or easily identifiable char-
acteristic (such as requiring all soldiers to wear uniforms), the violators can
immediately be singled out and punished. Such cases do not require active
monitoring and can be delegated to one of the two forms of reactive monitor-
ing.

One particular condition that generates the visibility of violators is related
to time. If it takes time for the violator to alter the status quo, then it is likely
that the decentralized interests that will be hurt by the change will be able
to mobilize and to fight. This is why the public sector announces expected
changes ahead of time, inviting all affected parties to participate in public
hearings (sunshine measures). Alternatively, legislation provides public an-
nouncements of important plans of the private sector, in order to invite other
concerned parties to make their opinions (and objections) known. For exam-
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pie, there is mandatory public announcement of plans to undertake new con-
struction, etc.

The second possibility is that the violation may not be visible (waste
dumping may be operated at night, in distant places, and have environmental
consequences in the distant future), or even if the violation is visible, the
identity of the violator may not be obvious (theft). Such cases require the
existence of a centralized monitoring agency to prevent violations thanks to
its presence, to detect them (waste dumping), or, as a last resort, to clear them
once reported (theft).

2. The second condition for reactive monitoring is whether repairing the
status quo is easy or not. If repairing the status quo is easy, reactive monitor-
ing will prevail, because the principal can easily ask the violator to correct
the mistake or repair the damage. If,however, it is difficult, police patrolling
becomes more necessary. This may be one of the reasons why established
and credible organizations are less often subject to random checks by police
patrols: because if they are found in violation they are likely to repair the
damage.

3. The last question distinguishes between self-reporting and fire alarms.
If outsiders have an interest to report accurately, fire alarms will prevail.
Under what conditions will third parties be willing to report violations? Pre-
sumably, if they have something at stake; that is, if their own property rights
are violated. But if property rights are assigned collectively, it is possible that
no individual actor will bother to collect information about violations, or to
complain about them. In order to induce individual actors to be concerned
with the violation of a rule, the principal may distribute property rights to
individuals. This way, information gathering will be decentralized and collec-
tive action problems in reporting violations of rules will be eliminated.f

A similar distinction between theoretical and actual violation of individual
rights seems to me to be the point of view of Weissing/ Ostrom (1991 b: 4.1),
who examine the monitoring game between a turntaker and turnwaiters in
irrigation systems. They conclude:

The other N players recruit from the population of turnwaiters. However, only these
tumwaiters will be considered as "players" who are directly affected by the tum taker's
behavior and who have strategic influence on his decision. In an extremely small irriga-
tion system. the players in our model would include all the farmers. In most systems.

4 T. Schwartz. personal communication to the author.
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however, the players would include only those farmers who ... feel a direct loss when
water is stolen, and who can positively or negatively sanction each other's behavior.
In many cases, it will only be the farmer whose tum will come in the next period, wbo
fulfills these requirements. In the latter case. only two farmers would be included among
the players even if the irrigation system itself were quite large (Weissingl Ostrom J99Jb:
209).

Despite their differences, all monitoring methods share an important common
characteristic: Neither the monitoring agent nor the monitored player have
a dominant strategy. Indeed, it is preferable for the monitored player to ob-
serve the rule in the presence of the monitor and to violate it in his absence.
Similarly, it is preferable for the monitoring agent to monitor when there is
violation of a rule and not to monitor otherwise. These common characteristic
of all monitoring systems generates a strategic equivalence of monitoring
games. Assuming that each player has two options, under a wide variety of
conditions in self-reports, fire alarms, and police patrols, both players use
mixed strategies.'

There is one exception to the mixed strategies rule which merits discus-
sion. If fire alarms are accurate (the ideal case is that only violators will be
reponed with probability I), then the optimal strategy for potential violators
is to comply with the rule. The reason is that every violation will be reported,
and the violator punished. However, it is most likely that a decentralized
system using fire alarms will be inundated with complaints. For example,
Robert A. Katzmann (\ 980: 165) reports a remark by a Federal Trade Com-
mission official as follows: "We simply do not have the resources to fully
investigate every possible violation of the law we learn about. Accordingly,
we must constantly make hard choices among alternatives in order to maxi-
mize the effect of our enforcement activity." Similarly, Suzanne Weaver
(1980: 136-137), describing how lawyers in the Antitrust Division find their
cases, says that they think of their environment as one of "information scarci-
ty." "Most of the time, the information they got did not have even the remot-
est possibility of becoming the subject of antitrust prosecution. 'Ninety per-
cent of these things are bummers', one staff attorney summed it up." And
Susan Silbey (\984: 160) describes a similar case of fire alarms where the
Consumer Protection Department in Massachusetts became the victim of its

5 For an extensive discussion of the strategic equivalence of different methods of monitor-
ing see Tsebelis (forthcoming: Chap. 2).
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Own success: "the volume became overwhelming and the division became
a victim of its own efforts: the more successful it was at resolving consumer
complaints, the more complaints arrived and inundated the office." When the
accuracy of reports is reduced, both actors (the monitor and the monitored)
will use mixed strategies. And if the accuracy of reports is reduced even
further, so that a report provides no information about the behavior of the
monitored actor, the fire alarms system becomes identical to police patrols
(reports are completely discredited).

Because of the efficiency of accurate fire alarms, special attention should
be given to the question of who has the right to pull the fire alarm. This is
an extremely important issue of institutional design and interested parties are
aware of it, as the following example from environmental protection indicates.
In the United States in the 1970's, a series of Supreme Court decisions estab-
lished the "standing to sue" of environmental groups (Sierra Club vs. Morton
(405 U.S. 727, 1972», United States vs. Students Challenging Regulatory
Agency Procedures (412 U.S. 669,1973), Duke Power Company vs. Carolina
Environmental Study Group (438 U.S. 59,1978). The Supreme Court stated:
"Aesthetic and environmental well-being, like economic well-being, are im-
portant ingredients in the quality of life in our society, and the fact that partic-
ular environmental interests are shared by the many rather than the few does
not make them less deserving oflegal protection through the judicial process"
(Sierra Club vs. Morton (405 U.S. 727, 1972))6 However, the Reagan ad-
ministration tried to reverse this decision.

In late 1987, the White House issued a presidential directive to the Department of Justice
stating that any staff attorney litigating a case involving the EPA and public interest
groups and not challenging the group's standing to sue would have to get his or her
section chief to prepare a memorandum to the appropriate deputy attorney general ex-
plaining Why no challenge was filed (Harris! Mllkis 1989: 272, italics in original).

Table I summarizes the argument of this section. Monitoring can take three
distinct forms, each of which is likely to be adopted under different circum-
stances. The big advantage of fire alarm mechanisms lies with their low cost.
However, the conditions under which they can be adopted are very restrictive.
Strictly speaking, their adoption requires the existence of three conditions
(affirmative answers to all three questions in Table I). The self-reporting

6 See also Harris! Mitkis (1989: 242).
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Table 1: Conditions tor the Adoption of DifferentMethods of Monitoring

Violation and violator obvious?

Easy to repair damages?

Have outsiders interest to report?

Fire
Alarms

>- ----No

t
>-------il~----No

>----_--No

tYes

Sell·
Reporting

Police
Patrols

method of monitoring is cheaper than active monitoring, but again, is not
generally applicable. Therefore, the adoption of one or the other mechanism
of monitoring will depend on trade-offs between the above three conditions
and budget constraints.

2 A Three-Person Monitoring Game with Variations

Previous research has studied this monitoring interaction as a two-player game
(see Tsebelis 1989, 1990b, 1991; Hirshleiferl Rasmusen 1992), or as a game
with N symmetric monitoring agents (Weissing/ Ostrom 1991a, 1991b). Here
I will introduce a third player who will be either a hierarchical superior of
the police agent or a new police agent with different payoffs than the previous
one (relaxing the symmetry assumption used by Weissing/ Ostrom).
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Figure 1: General Form 01Monitoring Game with Three Players
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Equilibrium conditions

d,
b'2
b' 3

(1) qr(a(a'1 )+q(l-r)(b(b; )+(l-q) r(c{c; )+(1-q)(1-r)(d1-d;) = 0

(2) pr(a2a'2)+p(1-r)(b2·b~)+(1-p) r(c2-c~)+(1-p)(1.r)(d2d~) = 0

(3) pq(a3a~)+p(1-q)(b3-b~)+(1-p) q(c3-c~)+(1-p)(1-q)(d3-d~)= 0

or

(1) qrA1+q(1-r)B1+ (l-q) rC1+ (1-q)(1-r)D1 = 0

(2) prA2+p(1-r)B2+ (t-p) rC2+ (1-p)(1-r)D2 = 0

(3) pqA3+p(1-q)B3+ (t-p) qC3+ (1-p)(1-q)D3 = 0
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The generic interaction is presented in Figure 1. Three actors interact with
each other, and have two strategies each: the first can violate or not violate
some rule and the other two can monitor or not monitor. The choices take
place simultaneously. The payoffs of the players vary according to the model.

In general, the games I examine fall either into the category of hierarchies
(if the third player monitors the second) or into the category of networks (if
the third player is another police). Figure 2 presents the configurations consid-
ered here. The arrows in the figure indicate that the actions of the player at
the beginning of the arrow affect the payoffs of the player at the end of the
arrow. For example, in the first figure the left arrow that connects the lower
player with the higher one indicates that the payoffs of the latter are affected
by the choices of the former. Cyclical arrows indicating the impact of one's
own actions are omitted throughout.

Figure 2: Networ1<s and Hierarchies of MoMoring Games

General Pure Hierarchy Cycle
1 1

'.
0 0C) C) ,0)'0 0C) C)
0 0

Hierarchy A Hierarchy B Network
1 ,

'~'
0 0C) 2)
0 0C) C) /50 0
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The remainder of the chapter will investigate three models:

I. A pure hierarchy, where the public is affected by its own actions and the
police's, and the police supervisor is affected only by his own actions and
the police's.

2. A more generalized hierarchical model where the supervisor also cares
about the choices of the public.

3. A model with two polices with overlapping jurisdictions who monitor the
same public. These two polices have different payoffs and may compete
with, free ride on, or be completely indifferent to each other.

These three models will be investigated for their comparative statics, that is,
the effects of changes in their parameters on the equilibrium strategies of the
actors. The mathematical calculations are presented in the appendices. In the
main text I will present some of the results, and give the intuitions behind
the most important ones.

2.1 Hierarchies

HIERARCHYA. This model is presented for heuristic purposes. It will help us
understand and decompose a simple case of interaction between three players.
The next section will modify some of the unrealistic assumptions.

Consider three players interacting in the following way. The first has to
comply with some rule, although he prefers not to. In the absence of a police
agent he would prefer to shirk, while in the presence of the law he would
conform to the rule. The second's duty is to monitor, but because of monitor-
ing costs, he prefers not to monitor if there is no violation of the rule. The
third's task is to monitor the second. However, he also prefers not to monitor
if the second does his job properly (that is, if the second monitors).

We will call the first player the public, the second the police, and the third
the police supervisor. Note that in this model the police supervisor is indiffer-
entto the level of crime. He is only concerned with the level of police activi-
ty. Similarly, the public is indifferent to the internal affairs of the police (that
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is, what the supervisor does), and is exclusively concerned with the level of
monitoring."

The assumptions are formalized in Appendix I, where the game is solved.
I will present the results verbally. Essentially, the police plays against two
different partners: one internal game against the supervisor, and one external
game against the public. Each one of these games in isolation would prescribe
a mixed strategy for the police; the police would monitor some of the time
and not monitor the rest. As I have shown elsewhere (Tsebelis 1989), in each
one of these games the frequency of monitoring is determined by the payoffs
not of the police but of the opponent (the public or the supervisor). Now the
internal and the external game are played simultaneously. In general, each
one of these games prescribes different equilibrium behavior for the police.f

The police have to choose between the equilibrium strategy q3 in the
internal game (the interaction between police and supervisor) and the equilib-
rium strategy ql in the external game (the game between police and public).
Or, to use the terminology taken from a different research project, the police
is involved simultaneously in two different games, and behavior that is opti-
mal in one game is SUboptimal in the other. Therefore, suboptimal behavior
in one arena should be explained by the prevailing conditions in the other
(Tsebelis 1990a). In our particular case, this transition from equilibrium be-
havior of the internal to the external game and vice versa is an easy one for
the police, because of the existence of a mixed strategy equilibrium. In a
mixed strategy equilibrium, by definition a player (in this case the police)
is indifferent between its two pure strategies (otherwise a rational player
would choose the better one), so it can select any combination (any mixed
strategy) without penalty.

Depending on the parameters of the game, the police will select one of
the two partners, and play either the internal or the external game, while the
third player will choose a pure strategy. If the parameter constellation is such

7 This model is an illustration of the argument presented by Weissingl Ostrom (1991a)
of a game where the first player'S payoffs do not depend on the third. and vice versa,
and accordingly one would expect in mixed strategy equilibria the payoffs of one player
to affect the behavior of the other,

8 In the zero-probability event that the two games prescribe the same behavior for the
police, the police uses this strategy. while the public and the supervisor have an infinity
of combinations.
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that the internal game is selected, the public will not violate the law and the
police and the supervisor play the internal game. In the opposite case, the
police and the public play the external game and the supervisor will not moni-
tor.

The crucial determinant for the selection of the game that is played is,
if ql (which depends on the public's payoffs) is greater than q3 (which de-
pends on the supervisor's payoffs) (see Appendix I). This means that accord-
ing to this model a change in the payoffs of the public or the supervisor may
shift the game from an equilibrium where there is crime but no supervision
to an equilibrium where there is no crime because internal supervision forces
the police to monitor at high levels. This is a surprising result, because it
indicates that the selection of a supervisor with appropriate payoffs could
drastically reduce deviance (according to this model, to zero).

The reason that the level of crime in this model is zero is that the public
is considered a unified actor, and therefore, once the police enforces with
probability higher than the equilibrium value of the external game, the best
response of the public is to stop violating the law altogether. A more realistic
approach would be to consider the public as well as the police as composed
of different types (each type with different payoffs), interacting with each
other with probability equal to the product of the frequencies with which they
are represented in their respective populations. While such a modification does
not affect the result of a two-person game (see Tsebelis 1992), it has an im-
portant effect on this three-player game. An important proportion of the public
(higher than the equilibrium frequency (I-p*) of the two-person game) will
choose not to violate the rules. Moreover, an increase in penalties will reduce
crime even further.

HIERARCHYB. Now consider a model similar to the previous one, but with
the following twist: while the public is indifferent to the actions of the super-
visor, the supervisor is concerned both about monitoring (which he likes) and
crime (which he dislikes).

Appendix 2 presents the formal assumptions and the solution of the mod-
el. In this model only the police will necessarily playa mixed strategy. The
other two players may choose pure strategies. Assuming that an equilibrium
in completely mixed strategies exists, we come to the following conclusions:
an increase in penalties (decrease of Al) decreases crime, and increases both
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the monitoring frequencies of the police and the supervisor;9 an increase in
the expected payoff of crime increases the frequency of crime and police
monitoring, but decreases the frequency of supervision.

Changes in the payoffs of the police produce ambiguous effects on the
supervisor alone, so we will ignore the matter altogether. Changes in the
supervisor's payoffs affect both the public and the supervisor. In all cases,
the effects go in opposite directions: an increase in A3 or B3 (indicating a
preference for monitoring when the public violates the law) always decreases
crime and increases monitoring by the supervisor, while an increase in C3
and D3 (indicating a preference for not monitoring when there is no violation
by the public) most likely increases crime and decreases supervision. 10

Finally, the strategy of the police depends exclusively on the payoffs of
the public. This finding is counterintuitive, because one would expect police
behavior to depend on the preferences of the police itself. For example, a
police force which is concerned about internal enforcement (one that depends
very much on the supervisor's strategy) could be expected to behave different-
ly from a police force less responsive to the internal hierarchy. Similarly, a
police force concerned about the level of crime could be expected to monitor
more frequently than a police force which is oblivious to it. This model indi-
cates that such changes in !he payoffs of the police are internalized in the
strategy of the supervisor, who in turn increases or decreases his monitoring
strategy accordingly. I will compare and discuss the findings of hierarchical
models in the next section.

2.2 Networks

Now consider two police forces with the same jurisdiction (both supervising
the same public). Their payoffs may be different from each other's and they
can have any relationship with each other. In particular, I will consider all
three possible relationships: I) Competition: each one of the police forces
prefers to arrest the criminals itself rather than see them arrested by the other;
2) Free riding: each police prefers to see the criminals arrested by the other

9 See corresponding first derivatives of equilibrium strategies in Appendix 2.
10 When the quantity A1BrC1A3 is positive.

.111
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rather than to arrest them themselves; 3) Assignment: Both police forces agree
that arrests by one police are preferable to arrests by the other.

The first case is designed to examine the widespread belief that competi-
tion among polices may induce them to monitor more, thereby driving down
crime. The second addresses the logically opposite problem. The model I
present here is a special case of the Weissing/ Ostrom (1991b) model. They
address the question of N polices with identical payoffs who had a free rider
problem. I restrict the number of polices to two, but relax the symmetry as-
sumption.!' Finally, the last case (assignment), is singled out both for logi-
cal completion, and to test whether the assigned police would predominantly
take charge of monitoring or not.

In all the models, the public is considered indifferent to whether it will
be arrested by one, the other, or both polices. The formal assumptions, the
equilibria, and comparative statics are presented in Appendix 3.

One important conclusion of this model is that as long as the public is
indifferent to the identity of the monitoring agency, the overall frequency of
monitoring will be determined exclusively by the payoffs of the public. The
division of labor between the two polices may vary, but the overall frequency
of monitoring will be exactly the same as it would be if only one police were
operating. I will single out this result:

PROPOSlTION I: If the public is indifferent to the identity of monitoring
agency (A I=B I=C I)' the overall frequency of monitoring
is stable and depends exclusively on the payoffs of the
public.

The reason for this counterintuitive result is the following: consider two mod-
els, one with one police and the second with two police forces. In both mod-
els the public receives the same benefits if it violates without being caught
or if does not violate while the police (or one of the polices) is around. In
a mixed strategy equilibrium the public is indifferent between its two pure
strategies. So, it is the same frequency of law enforcement that makes the

II A particularcase of this (free rider) model is indifference instead of preference: each
one of the polices does not care what the other does. In this case, according to Weissing/
Ostrom's results (1991a), one would expect the game to be reduced to a two-person
game.
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public indifferent in both models. This conclusion could end investigation
of this model. Regardless whether the polices have competitive or cooperative
(assignment) relations or whether they free ride on each other, the overall
frequency of monitoring remains the same. This frequency decreases with
the size of penalty (as in the model with one police, see Tsebelis 1989).

However, the frequency of monitoring is not the only interesting question
to ask of this model. There are two more interesting questions: What happens
to the frequency of crime when different parameters vary, and what is the
internal division of labor between the two polices?

The effects of variations of different parameters of the model is presented
in Table 2. The sign> in the intersection of a column and a line indicates
that the first derivative of the strategy (column) with respect to the parameter
(line) is positive, and therefore that an increase in the parameter produces
an increase in the strategy. It is interesting to note that an increase in penalty
decreases all the equilibrium frequencies: the public violates less and both
polices monitor less.

Table 2: Effects of Variations of Parameters on Equilibrium
Frequencies of Crime and Monijoring

p q

(-A/(D,.A,)) <0 <0 <0
A2 <0 <0 >0
82 <0 <0 >0

C2 <0 <0 >0

A3 <0 >0 <0
83 <0 >0 <0

C3 <0 >0 <0

The sign >0 IndiCatesthat the first derivative of the strategy with
respect to tha parameter Is posijive and therefore the frequency
of tha strategy Increaseswith the parameter.
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An increase in the competitiveness of one police reduces crime rates, but also
(and this is a counterintuitive result) reduces the frequency of monitoring by
this police at equilibrium, and increases the frequency of monitoring of the
other police. Therefore, the intuition that increasing competition between
polices decreases crime is correct. However, the division of labor between
the two police forces is exactly the opposite from their motives: the more
motivated police monitors less.

This reversal of direction between motives and actions at equilibrium is
comparable to the findings of Weissing/ Ostrom (1991 a), who observe that
when one of their N monitoring agents is in a better position for monitoring,
his equilibrium frequency of monitoring goes down compared with the sym-
metric case, while the equilibrium frequency of the other players goes up.
My result reduces the number of players (N=2 in my case), but relaxes the
symmetry assumption as the starting point.

Similar comparative statics results are produced with variations in the
parameters Bi (the willingness of one police to patrol when the other does
not) and Ci (the desire of each police to relax when there is no crime). Varia-
tions in these parameters produce a counterintuitive division oflabor between
polices.

PROPOSITION2: If all three players use mixed strategies, there is a reversal
between motives and behavior of the two polices at equi-
librium: the more motivated police monitors less.

Why in a mixed strategy equilibrium does the police which is more motivated
for monitoring, monitor less? The reason is the following: In a mixed strategy
equilibrium each player is indifferent between his two pure strategies. Consid-
er the equilibrium frequency of crime p* (the frequency that makes the public
indifferent between violating and not violating the law). This frequency of
crime makes both polices indifferent between monitoring and not monitoring.
Now, increase the payoffs from monitoring for one police (player 2) and
consider the new equilibrium. There will be a change in all equilibrium strate-
gies, but all players will be indifferent between their two pure strategies.
Remember that the overall frequency of monitoring is stable (Proposition I).
When the payoffs of monitoring increase for player 2, player 3 (the other
police) has to increase monitoring in order to keep player 2 indifferent be-
tween monitoring and not monitoring. A similar argument can be made when
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incentives for one police to monitor are reduced: this police will increase
monitoring and the other will reduce it.

One additional point is necessary: The conclusions reported here regard
the equilibrium where all players use mixed strategies. However, there are
other equilibria in this game where one police does all the monitoring and
the other does not monitor at all. These equilibria have identical properties
with the equilibrium in a two-person game (Tsebelis 1989). So, a more intu-
itive way of understanding Proposition 2 is to say that when the payoffs of
monitoring for one police increase, the other has to increase monitoring in
order to stay in the game.

3 Discussion

What are the conclusions of this investigation for monitoring in networks and
hierarchies?

HIERARCHIES:Hierarchies present comparative advantages over alternative
methods of organization (informal networks or the market) in their speed of
decision making, as well as for the possibilities for resource allocation. Their
disadvantage is the use and processing of decentralized information.12 My
goal here was to investigate one particular aspect of the functioning of organi-
zations: monitoring.

With respect to this particular function, the first model examined in this
chapter produced impressive results. The addition of a supervisor in the
police-public game drove crime to zero, or to very low levels. Is compliance
really so simple to achieve? Is it sufficient to add one supervisor in order to
extract a maximum of allegiance from subordinates? The response given by
the first model seems to be affirmative. There are some incidents indicating
that the change of leadership in a monitoring organization completely trans-
formed its performance. For example, William Ruckelshaus, who succeeded
Ann Burford as head of the Environmental Protection Agency (EPA), in
speeches to the enforcement staff "referred to them as 'pussycats' and indicat-
ed he wanted them instead to be seen as the 'gorilla in the closet' - the bo-

12 See Scharpf (1991) for discussion of these issues.
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geyman that state officials could use as a threat in their dealings with recalci-
trant polluters" (Russell 1990: 263). Ruckelshaus had a remarkable success:
the level of monitoring as measured by referrals to the Department of Justice
and independent EPA administrative actions more than doubled after 1983
(Russell 1990: 263, 265).

However, cases of a complete turnaround are rare. Why the discrepancy
between predictions and reality? I think that the reason is the particular con-
figuration of payoffs in the pure hierarchy model. There are two peculiar
features to these payoffs, the examination of which involves some interesting
features of hierarchical systems.

The first peculiarity of the supervisor'S payoffs is that he is interested in
police monitoring per se. In order to discover whether his agents shirk, he
has to engage in a monitoring activity similar to that of his agents. He has
to go out and patrol in order to verify whether they patrol. A more astute
supervisor may use indirect means to ascertain the activities of his subordi-
nates. For example, in order to facilitate his work, he may ask them to leave
a paper trail, so that if anything goes wrong he can investigate and punish
(fire alarms). It seems to me that supervisors often select this solution. How-
ever, the outcome of such a monitoring scheme and payoff structure is that
the police becomes extremely bureaucratic, more interested in producing a
paper trail than in monitoring. "The political concerns of regulatory agencies
to demonstrate efficiency through aggregate results can result in pressure on
enforcement officials to 'close' cases ... Cases with the greatest probability
of being closed out quickly take precedence" (Hawkins! Thomas 1984: 9-10).
However, if somehow the police is prevented from separating paper trail and
monitoring, this method can become very productive, because it reduces the
supervisor's monitoring costs, and therefore increases the monitoring frequen-
cy of the police.

Another peculiar feature of the supervisor's payoffs is that he is supposed
to care only about the police, and to monitor their activities exclusively. His
payoffs are not affected by the public, and therefore, he does not relax when
crime goes down. It is precisely the break in this feedback loop that produces
the extraordinary results in this model.

The next model which reestablishes this feedback loop produces less
spectacular results from the point of view of law and order. In this model,
changes in the payoffs of the supervisor produce inverse effects on the super-
visor's activities and the public's. A change that increases supervision produc-
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es a decrease in crime, and a change that decreases supervision produces an
increase in crime.

While this second hierarchical model produces behavior that simulates
reality better, we should not forget that the steadfastness of the supervisor
in the first model produced more desirable results. A historical example may
clarify the point.

In 1967 the British Parliament adopted the British Road Safety Act. This
permitted the police to perform breath tests in order to see whether alcohol
consumption was below a specified limit. The law clearly changed the expect-
ed utility of punishment for drunk driving, since it increased the probability
of a conviction once caught. Ross (1973) studied the effects of this change
in the legal system on drunk driving incidents. He used interrupted time series
analysis to control other factors, such as seasonal variation, length of the
month, day of the week (there is a higher probability of drunk driving on the
weekend), etc. He found that the percentage of fatally injured drivers with
alcohol in their blood fell from 32 percent in 1967 (hefore the adoption of
the law) to 20 percent in 1968, but then increased steadily after that. By 1973
it was 33 percent, and by 1978, 38 percent (Ross 1982: 34). A similar picture
is presented by the absolute number of fatalities on weekends: the dramatic
drop in J 967 had disappeared by the end of 1970 when the time series ended
(Ross 1973: 33). Ross also reports the number of breath tests administered.
It started at around 3,000 per month after the enactment of the law, and in-
creased more or less steadily to 7,000 or 8,000 in the last months of J 970.
The number of tests given was far fewer than had been envisaged by the
government, and most of the test kits originally ordered expired before they
were ever used. Ross' conclusion is that "from one perspective the Road
Safety Act was betrayed by the police. The Act seemed to offer an opportuni-
ty to increase the number of arrests of drinking drivers, as well as the oppor-
tunity to dispose of the arrested more efficiently. But while the latter opportu-
nity was seized, the former appears not to have been" (Ross 1973: 49). "Also
important in the British experience was the decision of the police to use re-
straint in patrol under the act. It is difficult to locate the level at which this
decision was made" (Ross 1973: 76). In terms of the three-player model pre-
sented here, as long as the police's decision is determined by the external
game, it is the equilibrium value of monitoring that is affected by a change
in penalties, and not the level of crime.

I
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In a later study Ross (1977) examines the outcome of a police "breath-
alyser blitz" that was successful as long as it lasted. A local chief of police
vowed to reduce drunk driving, and he achieved his goal. The data stop after
a short period of time, so we do not know how durable his success was.
However, the three-player hierarchical model can account for the extraordi-
nary level of success of the "blitz." As long as police monitoring was deter-
mined by the internal game, the equilibrium level of enforcement was high
enough to deter many more drivers than the equilibrium frequency of the
external game.

NETWORKS: The investigation here follows the line of argument adopted
by Weissingl Ostrom (199 la). They use irrigation games as an archetypical
example. I will use the Congress of the United States as the focus of my
investigation. Both cases share the characteristic of decentralized monitoring
activities. What can the model with two different monitoring agencies that
I introduced here tell us about Congressional oversight?

First of all, a quite robust result is that as long as the monitored player
is indifferent between being exposed by either the House or the Senate, over-
all monitoring activities are independent of the payoffs of the monitoring
agencies and depend only on the payoffs of the monitored player (Proposition
I). Consequently, variations in the level of congressional oversight should
not be explained by changes in Congress itself, but by changes having to do
with the administration. This result may seem dependent on the two-monitor-
ing players assumption. What would happen if one analyzed the different
committees, or their different members, or even worse, the different staff
members as independent monitoring players? The result holds unchanged as
long as the administration is indifferent to the identity of the player that ex-
poses it (whether it is the House or the Senate, or one particular committee,
or an individual congressperson).

This argument is different from Aberbach's (1990) analysis of historical
trends in the oversight activities of Congress. Aberbach (1990: 46) explains
the over-time increase in oversight by the increase in congressional personnel
and by the increase of the relative payoffs of oversight compared to other
congressional activities. He interrogates top congressional staffers, who attrib-
ute the increase in oversight in the last 30 years and particularly in the last
20 years to factors internal to Congress (more and better staff, internal organi-
zation) and external to it (increase in the size and complexity of government,
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the negative reaction to the executive's accrual of power, the increased public-
ity and value of oversight, an influx of members interested in oversight).

I will divide these factors into two different categories. The first is that
because in periods of increasing scarcity of resources and divided government
the game between the legislative and the executive becomes more like a zero-
sum game. Consequently, there is a negative correlation between the payoffs
of Congress and the president, and a change in the payoffs of one also affects
the payoffs of the other. In this case, any modification of the payoffs of one
player will affect the behavior of all three (House, Senate, and Presidency).

The second category of changes are those that affect Congress or the
Administration alone. For example, the increase in congressional staff makes
detecting violations of laws easier, but does not affect the administration's
payoffs. The expectation derived from my model is that the size of congres-
sional staff should not affect monitoring. Aberbach's (1990: 60) tests show
that congressional oversight is not affected by staff size: two of the coeffi-
cients of staff are positive and two are negative (none of them are statistically
significant).

Conversely, an increase in administrative staff does not affect Congress'
payoffs. But such changes are exactly the ones that affect congressional over-
sight. For example, the reason for increased oversight would be the increase
of social regulation through enactment of new laws and the creation of new
agencies (1966 to 1976).

These included the National Highway Traffic and Motor Vehicle Safety Act (1966); the
first major Clean Air Act amendments (1970); the National Environmental Policy Act
(1970); the Occupational Safety and Health Act (1970); the Consumer Product Safety
Act (1972); the Federal Water Pollution Control Act (1972); the Safe Drinking Water
Act (1974); the Toxic Substances Control Act (1976); and the Resource Conservation
and Recovery Act (1976). Along with the new laws carne new agencies to implement
them: NHTSA, EPA, OSHA. and the CPSC. Otder agencies. such as the FDA and the
Fl'C, were given additional responsibilities for protecting the public (Foreman 19H8:
29).

Other reasons would be the behavior of the executive (Vietnam, Watergate),
indicating to members a change in the executive's payoffs.

More systematic reasons for the increase of congressional oversight ac-
cording to my model could be:
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Increased centralization of appointments (i.e. decision making on appoint-
ments to administrative positions below the cabinet level controlled by
the White House).
Increased centralization in the area of approval of administrative rules.
In the US this takes the form of the clearance of rules by the Office of
Management and Budget.
Increased attempts to control contacts between career bureaucrats and
others outside the White House orbit.n

Empirical tests of these expectations are required, as well as further investiga-
tion of comparative statics expectations. For example, a standard expectation
in the literature is that split partisan control increases the incentives for Con-
gress to investigate the executive. My model would generate the same expec-
tation for a different reason: because the executive's payoffs are modified.14

Another expectation in the congressional literature is that oversight would
be negatively correlated with presidential support. Aberbach (1990: 58), test-
ing for this expectation, finds that "the expected negative relation between
presidential support and frequency of oversight (higher support, lower level
of oversight) was found in seven of the nine years between 1961 and 1977
where data were coded, but the relationships are very weak (the average
correlations in these seven years is of -.05)." My model would not expect
oversight to be correlated with the payoffs of Congress, but rather with the
payoffs of the overseen administrative unit. Thus, it does not predict a system-
atic relation between presidential support and oversight.

However, another characteristic oflegislative oversight requires attention.
Aberbach (1990: 61) has found that the behavior of the two houses concerning

13 Joel Aberbach, personal communication to the author. In the final chapter of his book.
Aberbach (1990: 192) links similar factors to the development of the "administrative
presidency" by Nixon: "Using budget impoundments. creative regulation writing, reorga-
nization, and a personnel policy designed to place individuals wholly loyal to the White
House in top agency positions. Nixon's aim was to bypass Congress and seize effective
control of the government."

14 Aberbach (1980: 67-68) notes that "if different parties control the presidency and Con-
gress. the majority in Congress has an incentive to harass and embarrass the executive
for partisan gain" and Ogul (1976: 18) says: "A congressman of the president's party
18 le,58 likely to be concerned with oversight than a member of the opposition party."
Testing for ~e~ expectations, Aberbach (1990: 60) finds an increased congressional
oversight activity of the order of 25% in the case of divided government.
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monitoring is paradoxical: "The expectation was that the House would be a
more active overseer than the Senate, given the fact thaI committees are more
important in the House, House members have fewer committee assignments,
and House members, consequently, are more specialized. The actual results
appear to be quite different." After controlling for a series of variables such
as the total days of committee activity, decentralization, and oversight unit,
Aberbach finds that House committees engage in 33 percent less oversight
than do Senate committees.

The model presented here could help us interpret the "Aberbach paradox."
The reasons that Aberbach provides are correct, and explain why House com-
mittees are more effective in monitoring. However, according to the model
presented here (Proposition 2), there is a reversal between motives and behav-
ior in a mixed strategy equilibrium. The same factors that produce higher
incentives also cause lower activity.

Some further discussion is required here. My argument is that decentral-
ization operates in the expected direction, while fewer committee assignments
and the importance of committees operate in the reverse direction. Here are
the reasons why: According to Aberbach, decentralization produces a domi-
nant strategy for monitoring. Subcommittee chairmen who cannot claim fame
in any other way engage in this kind of activity. If the committee is central-
ized, the chair has other more important things to do (legislation); if it is
decentralized, the subcommittee chairs find hearings politically the most prof-
itable enterprise. 15 However, once one controls for players with dominant
strategies, in the mixed strategy equilibrium, motives and actions (perfor-
mance) get reversed.

Weissingl Ostrom (1991 b: 5.5) discuss this property of the mixed strategy
equilibrium:

In fact. this equilibrium corresponds to the unique symmetric Nash equilibrium point
of a symmetric irrigation game without guards, 1£ the asymmetric game results from the
symmetric game by a slight disturbance (i.e .• if the distinguished tumwaiter differs only
slightly from his colleagues), its paradoxical equilibrium is a slightly disturbed version
of the symmetric equilibrium of the symmetric game. If small perturbations in a game
usually have small effects on the equilibrium behavior. the paradoxical equilibrium
should result in the asymmetric game, We are not convinced by this Iine of argument
(Weissingl Ostrom 1991b: 254).

IS For similar arguments see Kaiser (1977), Bibby (l966) and Ogul (l976).
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They compare the totally mixed equilibrium with the one where players use
pure strategies, and they favor a path-dependent equilibrium selection.

I want to make two points about how this argument is relevant to monitor-
ing in Congress. The first is that according to this argument, if a totally mixed
equilibrium has prevailed in the past, its comparative statics will continue
to prevail. So the assumption of no pure strategies in the past would lead to
the expectation of a reverse in relations between motives and behavior. The
second is that such paradoxical results in combination with the overall fixed
rate of monitoring may lead to a completely different dynamic: the indepen-
dent players may find it to their advantage to overcome collective action
problems and form an organization, or to coordinate their activities to avoid
overlapping.l'' Indeed, in such a system there are positive incentives for
economies of scale since a composite player who can monitor better will in
equilibrium have to monitor less. So it may be the case that over time, fewer
and fewer independent players will play this monitoring game, unless they
have dominant strategies (such as subcommittee chairs) or unless they are
institutionally independent (such as the two houses of Congress).

16 For example. in most states of the US, rules review is conducted by a joint committee
(31 states) (Bowers 1990).
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Appendix 1

PURE HIERARCHY

The game tree is presented in Figure 1. The payoffs, according to the text, are:

aj=bj, Cj=d1, a'j=b'l' c'j=d'j => Aj=B1<O, Ct=OeO I.l
a3=c3' b3=d3, a'3=c'3' h'3=d'3 => A3=C3<O, B3=03>O 2.1

In view of 1.1 and 2.1, equations (I) and (3) of Figure 1 become:

C1
q\

(Ct-At)

B
q3~ 3

(B3-A3)

3.1

4.1

Equilibria: There are three possibilities:
I. q, =q3. In this case, q* =qt =q3; p* and r* are any combination that satisfies

equation 2 in Figure I.
D

2. qt>q3. In this case,q*=qj; r*=O(no supervision); p'- 2
(02 - B2)
o

3. q\<q3. In this case, q*=q3; p*=O (no violation); r'= 2
(02 -C2)
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Appendix 2

HIERARCHY

The game tree is presented in Figure 1. The payoffs, according to the text, are:

a\=bj, cj=dt, a'j=b't, c't=d't => At=Bt<O, Ct=Dt>O 1.2

Az>O, Dz<O, Az>Bz>Dz, Az>Cz>Dz 2.2
BJ>O, C3<0, BJ>A3>C3' BJ>DJ>CJ 2.3

Equilibrium:

p' ~ (CtCJ - AjDJ)

(Ct (CJ - AJ) - At (DJ - BJ))
2.4

Cjq'
(ct -Ad

r'~ ((CtCJ-AtDJ)Bz-(CtA3-AtB3)Dz)

((cj CJ - AtDJ)(Bz - Az) -( CtAJ - A\BJ)( D2 -Cz))

2.5

2.6

This equilibrium prescribes mixed strategy for the police, however one of the other
two players may have a pure strategy. Assuming that p* and r* are in the (0, I)
interval gives the additional constraints:

CjC3<AjD3,

«C,CrAIDJ) Bz-(CIAJ-A,B3)Dz)( (Cj CJ-AjD3)( -A1)+(C,A3-A, BJ) Cz) > 0 2.7

Comparative Statics.'

p'(A\)= (CthDJ-BJC3))
X2

where X = (CtA3-AtB3+AjD3-C\C3)

>0

2.8
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(( - AI)( AJDJ - B3CJ))

X2
>0 2.9

((Ct )(CtCJ -AID3))

X2
< 0 2.10

(( -At)(CIC3 -AP3))
X2

<0 2.11

(C,(A,BJ-CtAj))

X2
> 0 2.[2

((- Ad( A,B] -CtA]))
X2

>0 2.13

(-Cd
(c, -Ad2

(- At)
(CI _AI)2

<0 2.[4

> 0 2.15

The derivatives of r" are not reported. r* decreases with At and C,; it increases with
Aj and B]; it decreases with C] and Dj if AIBj -CIAj >0; the signs of the deriva-
lives of r' with respect to the police's payoffs are ambiguous. Nonreported deriva-
tives of p and q are O.
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Appendix 3

NElWORK OF MONITORING

Tbe game tree is presented in Figure 1. The payoffs, according 10 rhe text are:

a\=b\=c\, a'l=b'J=c'J' => AI=Bt=C\<O, °1>0
cz=dz, c·z=d'z· => Cz=Oz<O, Bz>O, Bz>Az>Cz
cJ=dJ, c'J=d'3' => CJ=OJ<O, B3>0, BJ>AJ>C

3.1

3.2
3.3

The system of equations in Figure I is reduced to:

(l-q)(l-r)= (-At)

(O\-AJ)

prAz+p(l-r)Bz+(l-p)Cz=O

pqAJ+p(l-q)B3+(l-p)CJ=0

3.4

3.5

3.6

There are two possible equilibria of this system where one of the polices does not
monitor, while the other monitors as if it were a two-person game. Possibly there
is also a completely mixed strategy equilibrium of this system. None of these equilib-
ria is guaranteed to exist (although at least one of them will).

For the comparative statics of the completely mixed strategy equilibrium one
has to examine the behavior of the roots of the following three quadratics:

PZ[(AZ-CZ)(A3-CJ) + AI (AZ-BZ)(AJ-B3)] +
(Ol-Ad

p(h -CZ)C3 + (AJ -CJ)Cz) + CZCJ = 0 3.7

qzCz( A3 - B3) + q( 2CzB3 -CZAJ -CJAz) -
BZCJAI OJAZCJ

+ -CZBJ = 0(D\ -AI) (OJ-AI) 3.8
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rlC,(A2-Bl) +r(2CJBl-C,Al-ClAJ) -

BJClA, D,A1CZ+ - -C3Bl = 0
(D,-A,) (D,-A1)

3.9

Each one of these quadratics has real roots, however, for one root to be positive (and
therefore admissible as a solution to the system):

3.10

Comparative statics:

<0
3.11

Call Y the denominator of 3.11; Y is negative for the bigger root of 3.7.

3.12

3.13

p' (el) =
-((AJ-CJ)P +CJ)(I-P)

Y

3.14
<0

3.15
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3.16

3.17

e,(ArB2) < 0
(-CzA3 -AzC3 +2C2B3 +2q(A

J
-B3)CZ)

3.18

Call Z the denominator of 3.18; from 3.5 we get that the bigger root of 3.7 corre-
sponds to the smaller root of 3.8. Z is negative for the smailer root of 3.8.

3.19

A]
CJ -,---:.....,.

(Ot -AI)q' (Bz) " -'-'--,Z;"-'-..:!...

q'(Cz)" (1-q)(B3+q(AJ-BJ)} < 0
Z

<0
3.20

3.21

3.22

3.23
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>0 3.24

The derivatives of r are syrnmeme and therefore omitted.
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