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Abstract

We analyze a model of deterring transgressions by the head of government, in
which the conditions determining whether a transgression will be punished only be-
come clear after it occurs. We identify a key challenge in sustaining such deterrence:
effective deterrence prevents new information about the underlying conditions from
being revealed, over time rendering the threat of punishment not credible enough to
deter transgressions that are sufficiently profitable for the leader. We demonstrate
that several institutional or cultural solutions either fail to overcome this challenge or
face inherent limitations. The same mechanism also applies to deterring other unde-
sirable behaviors when the precise conditions for punishment only become clear after
the fact, such as international aggression, and to maintaining other preventive policies
whose success could undermine their perceived necessity, such as anti-discrimination
measures and vaccination efforts.
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1 Introduction

Transgressions by leaders at the apex of government against legal or political norms can
impose “truly massive costs” on society (Huq, 2018, p. 1510; Rivera et al), 2025). Deterring
such acts often relies on political accountability mechanisms, such as elections, impeachment,
or backlash from key supporters (e.g., Madison, 1845, p. 528; Myerson, 2008, 2019; Ginsburg,
et al), 2021). This presents a challenge: if these political threats of punishment are credible,
transgressions are deterred — so the threats are never carried out. But if they are never
carried out, how can they remain credible over time?

In this paper, we formalize and analyze this challenge in a model of presidential trans-
gression and impeachment. In the model, a President (P) in each period chooses whether
to transgress, and a Congress (C) decides whether to punish the transgressing P through
impeachment. Main insights from the model also apply to deterring transgressions by top
leaders in non-presidential or non-democratic regimes, as P can represent the leader in ques-
tion — a prime minister, ruling party general secretary, or monarch; impeachment thus stands
for the relevant political accountability mechanism, which C implements.

The key feature of our model is that the incentive for C to impeach the transgressing P
— referred to as the state of the world — follows a stochastic process, and the current state
of the world is only known to the players after P transgresses. This reflects the reality that,
given the political nature of impeachment, or more broadly, punishment for transgressions
by the head of government, it is always difficult to fully predict ex ante whether or not such
punishment will be carried out. This feature implies that successful deterrence prevents new
empirical knowledge about the state of the world from emerging. As a result, over time, in a
generally uncertain yet path-dependent world, this lack of new information renders historical
knowledge from the times of past transgressions increasingly irrelevant to the current state of
the world. Consequently, the credibility of the threat of impeachment becomes increasingly
akin to a coin toss with a fixed probability. Therefore, as long as transgression is sufficiently
profitable for P, there will always come a time when the threat becomes not credible enough
to deter transgression. Deterrence is thus dynamically self-undermining, and this formalizes
the challenge in deterring transgressions at the apex of government.

Further analysis reveals that this challenge arises distinctively from our model: it is
transgressions by the head of government, not misconduct or crimes in ordinary settings,
that are in question; the state of the world evolves in an uncertain yet path-dependent
manner; and the uncertainty centers on whether C will impeach a transgressing P, rather
than P’s payoffs from transgressing. We also show that this challenge persists even if part

of the state of the world is perfectly predictable ex ante, provided that it is bounded, and



the challenge applies more strongly when the transgression in question is truly exceptional
and fundamentally distinct from those minor ones.

We then examine several potential institutional or cultural solutions within our frame-
work, finding that each of them faces limitations. First, while equipping impeachment with a
sufficiently severe punishment can make perpetual deterrence possible, the required severity
may incentivize P to avoid punishment, to the extent that it may encourage the transgress-
ing P to execute a self-coup. Second, admitting many non-partisan members to Congress
with a super-majority rule for conviction, which is common in practice, may exacerbate the
problem, making perpetual deterrence impossible even with an arbitrarily harsh punishment.
Third, establishing an additional punitive authority, such as an independent judiciary, can
only partially alleviate the problem. Fourth, subjecting the transgressions in question to
many overlapping punitive authorities, as in federalism, could be an answer to the challenge,
but this requires all these authorities to be independent from each other — a condition that
may be unrealistic — and risks creating political conflict due to inconsistent decisions or
procedures. Finally, fostering a political culture against transgressions by the head of gov-
ernment cannot fully address the challenge, as long as the influence of such efforts decays,
however slightly, over time.

Since Becker ([1968), the economics literature on deterrence of crimes and other illegal
behaviors has primarily focused on settings that are more ordinary than the apex of govern-
ment, showing theoretically and empirically that crimes in such settings are more responsive
to the certainty of apprehension than to the severity of punishment (e.g., survey by Chalfin
and McCrary, 2017).51 Our paper suggests that the logic of deterring transgressions at the
apex of government can be fundamentally different. This is because, other than the highest
office of government, few alternative settings exist where the underlying circumstances of
such transgressions can be learned. As a result, in the long run, maintaining the certainty
of apprehension for transgressions by the head of government can be infeasible.

About such transgressions, a thread of literature in political economy has focused on in-
stitutions that deter abuse of power through credible threats of punishment (e.g., Przeworski,
2006; Weingast), 1997; Myerson, 2008, 2019; Fearon, 2011; Svolik, 2012; Gitmez et al., 2023).
We show that deterrents based on such threats may be undermined by their own success
over time. This challenge is robust to several proposed institutional solutions, and to the
cultural approach advocated in the constitutional law literature (e.g., Hug, 2018).

Recent history shows that even long-established, advanced democracies are not immune

to transgressions by their leaders against democratic institutions and norms (e.g., Bow-

LA long tradition in law and criminology also maintains that crimes in ordinary settings are more respon-
sive to the certainty of punishment than to its severity (e.g., Beccaria, 2008, p. 49; Nagin, 2013).



man, 2024). This challenges the conventional wisdom that prolonged democratic governance
fosters immunity to such transgressions (e.g., Przeworski, 2006; Fearon, 2011; Bidner and
Francois, 2013; Besley and Persson, 2019; |Acemoglu and Robinson, 2022; Acemoglu et al.,
2025). We reconcile this observation with the literature by showing that constant deterrence
of such transgressions can become its own enemy, a possibility rooted in their unique setting,
i.e., the apex of government, and the political nature of their punishment.

Interpreting transgressions in our model as attacks on democratic norms and executive
constraints links our paper to the growing literature on democratic backsliding and executive
transgressions (e.g., Acemoglu et al), 2013; Howell and Wolton, 2018; Svolik, 2020; Chiopris
et al), 2021; Matéjka and Tabellini, 2021; Millen, 2021; Grillo and Prato, 2023; Luo and Prze-
worski, 2023; Gratton and Lee, 2024; survey by Grillo et al), 2024). Our model generates
stochastic cycles between periods of constant deterrence and episodes of consecutive trans-
gressions, i.e., backsliding, while each transgression becomes a critical juncture, revealing for
how long the threat of punishment can remain credible to prevent backsliding. Unlike most
studies in this literature, our model does not feature bounded rationality or informational
disadvantages on the side of the custodian of democracy, i.e., C in our model; neither do the
dynamics generated rely on such features.

More broadly, our paper contributes to the economics literature on the consequences of
knowledge deficiency, which has focused on the implications of ezogenous lacks of knowledge
for managing central planning, catastrophic risks, and power relations (e.g., von Hayek,
1945; Weitzman, 1974, 2009, 2011; Stern, 2013; Huang et al/, 2017; Conte and Kelly, 2021
Li et al), 2022). In our setting, knowledge about the state of the world is endogenously hidden
by successful deterrence, a desirable outcome. A prolonged period of this desirable outcome
may eventually lead to its opposite: transgression. This mechanism also applies to deterring
other undesirable behaviors when the precise conditions for punishment only become clear
after the fact, and to other contexts where the success of a preventive policy may hinder
updated understanding of its necessity, thus threatening its continuation. We discuss three
examples of such applications at the end of the paper: deterring international aggression,
upholding or not the United States Voting Rights Act of 1965, and vaccine hesitancy.

The paper proceeds as follows. Section E presents the baseline model. Section H analyzes
it and delivers the main result. Section @ examines proposed institutional and cultural
solutions. Section B concludes by discussing applications of our model to other contexts.

Proofs, technical details, and extensions are provided in the Appendix.



2 Baseline Model

In each period ¢, a President (P) and a Congress (C) interact in a game as in Figure m P first
decides whether to comply with or transgress the law and norms governing the presidency.
If P complies, both P and C receive a payoff of zero, and the period ends, transitioning to
period t + 1.

President (P)

Nature
P gets 0
C gets 0 Reveals w;
Congress (C)
Not impeach Impeach
P getsa>0 P gets —c <0
C gets v —wy C gets v

Players know time, s < ¢, and state of the world, wy, at last transgression.

Figure 1: Baseline model, period ¢

If P transgresses, C will subsequently decide whether to punish P through impeachment.
Modeling impeachment as punishment aligns with the constitutional law literature, which
views punishment as a central purpose of impeachment (e.g., Tribe and Matz, 2018; Crespa,
2019). If C impeaches P, P incurs an exogenous cost, ¢ > 0, while C receives an exogenous
payoft, v. If C chooses not to impeach P, P receives an exogenous, positive gain, a > 0, while
C receives v — wy, where w; represents the net incentive for C to impeach P. The period then

ends, transitioning to period ¢ + 1.

State of the world. We interpret w; as the state of the world at period ¢. This ap-
proach aligns with insights from comparative and constitutional law. Impeachment, or more
broadly, punishment for transgressions by the head of government, is ultimately a political
solution to political crises where the transgressions in question have significantly undermined
public confidence in the incumbent or threatened constitutional governance. Whether such
punishment will be carried out is thus primarily a political question, and its answer de-

pends on many specific circumstances at the time, be them political, social, economic, or



moral. This holds true even when supposedly apolitical experts, such as prosecutors and
judges, are involved (e.g., Baumgartner and Kada, 2003; Tribe and Matz, 2018; Crespa,
2019; Ohnesorge, 2020; Ginsburg et al), 2021; Bowman, 2024; Monaghan et al|, 2024).

Conditional revelation. The dependence on these specific circumstances suggests that,
while many factors, such as the alignment of electoral interests between P and C, may be
known or predictable before a transgression occurs, there is always a component of these
circumstances that is difficult to fully predict ex ante. Additionally, constitutional law is
inherently general and often leaves punishable transgressions by the head of government
incompletely defined, making it difficult to predict beforehand how a transgression will be
addressed (e.g., Story, 1833, p. 287; Huq, 2018, p. 1515; [Tribe and Matz, 2018, p. 45;
Bowman, 2024, p. 99).E As a result, one today has to estimate whether a transgression will
be punished, while relying on her understanding of the circumstances of past transgressions
(e.g., Tribe and Matz, 2018; Congressional Research Service, 2023, p. 839; Bowman, 2024).

This leads to the key feature of our model: the conditional revelation of the state of the
world. As in Figure m, at the start of period ¢, the players do not know the exact value of
wy; once P chooses to transgress, nature reveals w; to them. In Section @, we discuss the
robustness of our analysis to including an additional known component of the state of the

world at the start of each period.

Apex of government vs. ordinary settings. Such conditional revelation distinguishes
transgressions at the apex of government from misconduct and crimes in ordinary settings.
For such misconduct or crimes, players typically have abundant ex ante knowledge about
the state of the world, as there are many alternative settings to the setting in question to
learn from. In Section @, we explore the dynamics of transgression and punishment when

the transgression occurred in an ordinary setting, not at the apex of government.

Evolution of the state of the world. At the start of period ¢, the players know when

past transgressions occurred and the corresponding states of the world. How they use this

2A notable example is Section 4 of Article II of the Constitution of the United States, which states:
“[t]he President, Vice President and all civil Officers of the United States, shall be removed from Office on
Impeachment for, and Conviction of, Treason, Bribery, or other high Crimes and Misdemeanors.” The term
“high Crimes and Misdemeanors” is a “catchall phrase” and “not defined in the Constitution or statutes,”
creating “considerable vagueness” (Black and Bobbittl, 2018, p. 26; Congressional Research Service, 2023, p.
839). For further literature, see [Iribg (1998), Tribe and Matz (2018), and Bowman (2024). For theoretical
arguments for constitutional law to remain silent on this issue, see Hug (2018) and Crespd (2019).



information depends on how w; evolves. We assume that w; follows a Markov process,
w; = pwy_1 + €, where 0 < p < 1, and ¢, ~ N(0,0?), i.id., with o > 0. (1)

Here, €;s represent contemporary shocks, which are mutually independent and identically
and normally distributed, with a mean of zero. This reflects our approach that w, captures
the component of the state of the world that is unknown and difficult to predict ex ante. We
assume o > 0 and 0 < p < 1 because the state of the world relevant to the transgressions in
question is most reasonably uncertain yet path-dependent, but not oscillatory or explosive.
In particular, we allow the influence of historical shocks to either decay (0 < p < 1) or persist
(p = 1) over time. In Sections @ and @, we discuss alternative assumptions about the

evolution of wy, such as alternative ranges of p or o, or including a drift term.

Complete the setup. For simplicity, we assume that players are myopic, caring only
about their payoffs within the current period. This is justifiable if each period represents
the finite term of office for the players. We discuss the robustness of our results to forward-
looking players in Section @

We solve the model using backward induction. For simplicity, we assume that C will not
impeach a transgressing P if indifferent between impeaching and not impeaching, and P will

comply if indifferent between transgressing and complying.

3 Analysis and Main Result

We now solve the game at period ¢. C will impeach a transgressing P if and only if w; > 0.
Since w; follows a Markov process, the time of the last transgression, s < ¢, and the state
of the world at that time, wg, provide all the information P needs to estimate w; at the
beginning of period t. The estimated probability of punishment is Plw; > 0 | ws, s]. Thus,

P transgresses if and only if
a-(1=Plw >0|wss|)—c-Plw,>0]|ws,s] >0, (2)
or equivalently, if the conditional probability of punishment is sufficiently low:
Plw; > 0 | wg, s] < a/(a+ c). (3)

We first examine how the conditional probability of punishment, Plw, > 0 | ws, s,

depends on both the time elapsed since the last transgression, t — s, and the state of the



world revealed at that time, w,. The evolution of w; implies that
t
wy = p S w, + Z P e, (4)
T=s+1
The conditional distribution of w, is thus

N (7w, (1= 20) 0/ (1= ) it p e (0,1)

(wi | ws, ) ~
N (ws, (t — s) - 0?) if p=1.

()

This implies that the conditional probability of punishment is

Plw, > 0 | w,, 5] = @ (pw, / (o VA= 2F A= 97))  ifpe(0,1) @)

@(ws/(a-\/m)) if p=1,

where ®(-) is the cumulative distribution function of the standard normal distribution. This

conditional probability has the following properties:

Lemma 1 (Credibility of impeachment threat). It is more likely than not for C to impeach
a transgressing P if and only if C impeached P at the last transgression. As time passes
with constant deterrence, the threat to punish increasingly resembles a 50/50 coin toss.

Mathematically, for any t > s,

o ifws <0, then Plw, > 0 | ws,s] < 0.5, increases with t — s, and converges to 0.5 as

t — s increases;

o ifws >0, then Plw; > 0 | wg, s| > 0.5, decreases with t — s, and converges to 0.5 as

t — s increases.

The intuition behind Lemma EI is as follows. First, why does whether C impeached P at
the last transgression, i.e., whether w, > 0, indicate whether it is more likely than not for
C to impeach a transgressing P now? This is because, since the world is path-dependent
and no new empirical knowledge about the state of the world has been revealed since the
last transgression, the current estimate of the state of the world must be, adjusted with the
degree of path-dependence, centered on the last revealed state.

Second, why is the monotonic convergence to a 50/50 coin toss? In the case of p € (0, 1),
this is because the influence of historical shocks decays over time, which is set mechanically
by p € (0,1). As time passes with constant deterrence, because of the conditional revelation

of the state of the world, no new information about the state of the world has been revealed.



The conditional distribution of the current state of the world thus converges to a normal

distribution with a mean of zero and a finite variance, i.e.,
(wt|ws,s)i>./\/'(0,02/ (1—p%) ast—s— o0, ifpe(0,1). (7)

This makes the threat of impeachment increasingly resemble a 50/50 coin toss.

In the case of p = 1, even though the influence of historical shocks would remain constant,
its relevance would dwindle, still. This is because, without new revelation, the uncertainty
in the evolution of the state of the world piles up over time and is not bounded from above.
The conditional distribution of the state of the world thus converges to a normal distribution

with an infinite variance, i.e.,
(wy | wy, ) B N (w,,00) ast —s — o0, if p=1. (8)

This makes the threat of impeachment increasingly resemble a 50/50 coin toss, too.
Lemma EI implies that, to understand the dynamics of impeachment and transgression

under constant deterrence, we need to compare the critical threshold, a/(a + ¢), with the

conditional probability in the limit over time with constant deterrence, which is one-half.

On that, a/(a + ¢) has the following property:

Lemma 2 (50/50 coin toss). A threat of impeachment equivalent to a 50/50 coin toss cannot
deter P from transgressing, if and only if the potential gain from transgression exceeds the

punishment from impeachment. Mathematically,
0.5 <a/(a+c) if and only if a > c. 9)

The intuition behind Lemma E is straightforward. If P perceives the threat of impeach-
ment as a 50/50 coin toss, he will simply compare the gain from transgression with the
punishment, and will transgress if and only if the gain is greater, however slightly.

Combining Lemmas m and B, we derive the main result of this paper:

Proposition 1 (Challenge in deterring transgressions at the apex of government). For any
a>c, definew = (a/p)- @ (a/(a+c)) >0. Then,

1. if ws <0, then C will not impeach P at period s, and P will transgress at s + 1;
2. if 0 < wg < w, then C will impeach P at s, but P will still transgress at s + 1;

3. if wg > w, then C will impeach P at s, and there exists a period T € [s + 2,00), such
that P will comply from s+ 1 to T — 1 but will transgress at T .



P impeached at s,

P not impeached at s, P impeached at s, will comply from s + 1 on, but will
will transgress at s + 1  will transgress at s + 1 eventually transgress at some T’
e e e
r h Y 0
| l >
0 w Wy

Figure 2: Proposition El: Perpetual deterrence impossible for any a > ¢

Figure E visualizes Proposition |ﬂ We prove Proposition m in Appendix @ The intuition
is as follows. About Claim 1, by Lemma EI, an unpunished transgression (ws < 0) suggests
that the impeachment threat in the following period is no more credible than a 50/50 coin
toss. By Lemma E, this is not enough to deter another transgression, whenever the potential
gain from transgression exceeds the punishment (a > c).

About Claim 2, having the last transgression punished (w; > 0) may not be enough to
deter transgression in the following period, since, by Lemma El, the credibility of the threat
of impeachment may drop too much even in just one period. Therefore, the last revealed
state of the world has to be sufficiently against transgression (ws > w) to deter another
transgression right after the last transgression.

About Claim 3, by Lemma m, even if the threat of impeachment deters transgression right
after the last transgression (ws > w), as time passes with constant deterrence, the threat
increasingly resembles a 50/50 coin toss. By Lemma , a threat equivalent to a 50/50 coin
toss cannot deter transgression, as long as the potential gain from transgression exceeds the
punishment. Therefore, there must exist a period when the threat will eventually become

not credible enough to deter transgression.

The challenge, formalized. Proposition EI formalizes the challenge in deterring trans-
gressions at the apex of government: for any transgression that is sufficiently profitable,
constant deterrence would over time make the threat of punishment as non-credible as a
coin toss with a fixed probability, i.e., 50/50 in our baseline model, eventually leading to a

failure of deterrence.

3.1 Numerical Illustration

To illustrate the dynamics implied by Proposition El, we provide a numerical simulation.
Figure B plots the typical dynamics over 500 periods. In this simulation, the initial state of
the world w; is revealed to everyone before period 2 and is set exogenously to be sufficiently

against transgression, i.e., w; > w > 0, ensuring that P does not transgress at period 2.
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Consistent with Lemma m, the conditional probability of punishment declines over time with
constant deterrence. Consistent with Proposition m, at period 88, the threat of impeachment
becomes not credible enough to deter transgression, i.e., Plwss | wi, 1] < a/(a + ¢). At this
point, the revealed state of the world is strongly against transgression, i.e., wgg > w, leading
to another lengthy period of deterrence. Yet, consistent with Lemma m, the conditional
probability of punishment still declines over time due to constant deterrence.

At period 180, the threat of punishment again becomes not credible enough to deter
transgression. This time, the revealed state of the world is too low even for C to impeach P,
i.e., wigg < 0. Consistent with Proposition m, this leads to another transgression at period
181. The revealed state of the world again prevents C from impeaching P. This pattern of
consecutive transgressions without being punished continues until period 349.

From period 349 onward, transgressions still occur frequently. There are periods, such as
period 378, when the transgressing P is impeached, but the revealed state of the world cannot
sustain deterrence. It is only at period 407 that the world has moved sufficiently against
transgression, leading to a lengthy period of deterrence until period 486. The revelation at
period 486 is even more strongly against transgression, starting a longer period of deterrence.

That said, as Proposition m predicts, another transgression will eventually occur.

Stochastic cycles and critical junctures. This illustration suggests that stochastic
cycles between constant deterrence and consecutive transgressions may emerge. Fach trans-
gression can be viewed as a critical juncture, indicative of future dynamics. If the revealed
state of the world is not strongly against transgression — particularly if it prevents C from
impeaching P — it may lead to a prolonged period of consecutive transgressions. Conversely,
if the revelation is strongly against transgression, it will secure punishment for the current
transgression and deter potential transgressions for many subsequent periods. Indeed, we
show in Appendix @ that the length of each period of constant deterrence, T" in Proposition

, increases with w;.

3.2 Discussion

To better understand the main result, we discuss several alternative setups of the model:

Not at the apex of government. What if the transgression in question is not committed
by the head of government but in an ordinary setting? As discussed in Section @, this would
correspond to a setup where the players always know the value of w; at the start of period
t, which we formalize in Appendix @ In this case, constant deterrence would not imply a

lack of new empirical knowledge about the state of the world. The potential transgressor’s

12



decision would only depend on wy; once conditional on wy, past transgression and punishment
decisions would have no effect on the current transgression decision. Thus, deterrence would

not be self-undermining over time, and the challenge in Proposition E] would not exist.

An additional known component. What if part of the state of the world is known or
perfectly predictable ex ante? In Appendix B, we introduce an additional component to
the net incentive for C to impeach P that is independent of w; and publicly known at the
beginning of each period. We show that, as long as this component is bounded, i.e., if social
knowledge about the state of the world is never too wild ex ante, over time with constant
deterrence, the credibility of the threat of impeachment will still converge to a probability
strictly lower than one. Therefore, the challenge in Proposition m will persist, though the

required threshold for the gain from transgression, i.e., a > ¢ in Proposition m, may change.

Testing the state of the world by minor transgressions. What if P could test the
state of the world by committing a minor transgression in each period before deciding whether
to proceed with the “real” transgression?” We formalize this idea as an extension of the base-
line model in Appendix E In this extension, in addition to the baseline setup, P commits
a costless, minor “test” transgression at the start of each period, which generates an addi-
tional public signal about the state of the world. We assume that the precision of this signal
depends on how different the real and test transgressions are in nature. Both players then
process these signals using Bayesian updating.

We show that, at one extreme, if the real transgression is as minor as the test trans-
gression, the additional signal in each period would perfectly reveal the net incentive for C
to impeach P if the real transgression were committed. In this case, the game’s dynamics
converge to those of deterring a misconduct or crime in an ordinary setting, as discussed
above. At the other extreme, if the real transgression is egregious to an unthinkable degree,
the signal from the minor test transgression would reveal very little about the current state
of the world. Here, the game’s dynamics converge to those of our baseline model. Therefore,
the challenge in Proposition m applies more strongly to scenarios where the transgression in

question is truly exceptional and fundamentally distinct from those minor ones.

Alternative ways of evolution of the state of the world. We have assumed that
the state of the world is uncertain yet path-dependent, but not oscillatory or explosive, i.e.,
o> 0and 0 < p < 1. What if it evolves differently? We discuss these alternatives below,
with technical details provided in Appendix @

13



Deterministic world, i.e., ¢ = 0. In this case, although constant deterrence would still
not bring new empirical knowledge about the state of the world, the revelation at the last
transgression would perfectly indicate the current state. Once a transgression is punished,
P would understand that any future transgression will also be punished for sure, leading to

perpetual deterrence. Thus, the challenge in Proposition m would not exist.

Path-independent world, i.e., p = 0. In this case, although constant deterrence would
still not bring new empirical knowledge about the state of the world, the lack of new empirical
knowledge would not become more consequential over time, and P’s decision to transgress
would be independent of history. Thus, deterrence would not be self-undermining over time,

and the challenge in Proposition m would not exist, either.

Oscillatory world, i.e., p < 0. In an oscillatory world, absent new empirical knowledge
about the state of the world, a threat of impeachment that is more credible than a 50/50 coin
toss in one period will become less credible than a 50/50 coin toss in the following period.
Therefore, if the gain from transgression exceeds the punishment (a > ¢), deterrence would
never last for more than one period. Thus, the challenge in Proposition 1 would have no

opportunity to emerge.

Explosive world, i.e., p > 1. In this case, as time passes with constant deterrence, the
expectation and standard deviation of the state of the world, conditional on its value and
time at the last transgression, explode at about the same rate, p. Therefore, once the state
of the world is revealed to be sufficiently against transgression, deterrence can last forever.

Thus, the challenge in Proposition m would not arise.

Payoff uncertainty. What if the conditional revelation were about P’s payoffs from trans-
gressing, rather than C’s strategy to punish? In Appendix E, we examine this alternative
setup. We assume that C impeaches P with an exogenous probability, while P’s gain and
punishment for transgression evolve (with the same degree of path-dependence) and are
subject to conditional revelation, similar to w; in the baseline model.

We show that perpetual deterrence is possible in this case. Although the payoff uncer-
tainty accumulates over time with constant deterrence, it does not affect the expectation
of the relative gain from transgression to punishment. Therefore, it will not affect whether
P will comply or transgress. As a result, deterrence can last forever. The challenge in

Proposition m thus arises from strategic uncertainty, not payoff uncertainty.
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Forward-looking players. What if the players in our model cared not only about their
current payoffs, but also their future payoffs? In Appendix @, we analyze a setting in which
any impeached P will be replaced by a new P, while C and all Ps are infinitely forward-
looking. In the analysis, we focus on symmetric, pure-strategy Markov-perfect equilibria,
where “symmetric” means that all Ps adopt the same strategy.

We show that the challenge in Proposition E] still emerges whenever the one-time gain from
transgression exceeds the net present value of the punishment from impeachment. This is
because, first, about C’s strategy, the state of the world evolves exogenously, and the current
state is determined and revealed before C decides whether to impeach a transgressing P.
Thus, C’s decision about impeachment does not affect the future state of the world, so a
forward-looking C behaves just like a myopic one in our baseline model.

Given that, for each forward-looking P, the intuition behind Proposition m still applies.
Not only that, in equilibrium, P’s continuation value following an unpunished transgression
must be weakly positive, as P can always choose to unconditionally comply forever, receiving
a zero continuation value. This positive continuation value creates an additional incentive
for P to transgress now, making constant deterrence even harder to sustain. Therefore, the

challenge in Proposition m is robust to having forward-looking players in our analysis.

Summary. These discussions clarify that the challenge presented in Proposition m arises
from 1) a lack of new empirical knowledge about the world due to constant deterrence, and
the world being 2) uncertain and 3) path-dependent. Having significant transgressions at
the apex of government in question that are fundamentally different from those minor ones
implies a lack of new empirical knowledge under constant deterrence; uncertainty makes
this lack of knowledge consequential, and path-dependence amplifies its impact over time,
eventually making the threat of punishment not credible enough to deter transgression.
This self-undermining nature of deterrence is rooted in strategic uncertainty, not payoff
uncertainty, and remains robust even when the state of the world includes a known, bounded

component, and when the players are forward-looking.

4 Potential Institutional or Cultural Solutions

Having formalized and analyzed the challenge in deterring transgressions by the head of
government, we now explore potential institutional and cultural solutions. As we will see,

each of them faces limitations.
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4.1 Severe Punishment

Proposition m addresses the case where P’s gain from transgression exceeds the punishment
(a > ¢). Could a sufficiently severe punishment solve the problem? In Appendix @, we show
that perpetual deterrence is possible if the punishment outweighs the gain from transgression
(¢ > a). This is because, even though the threat of impeachment converges to a 50/50 coin
toss over time with constant deterrence, it would still be sufficient for deterrence if the
punishment were severe enough.

But relying on severe punishment as a solution has limitations. First, a classic idea
in law and criminology argues that, as put by Beccarig (2008, p. 51), “impunity itself
arises from the atrocity of punishments.” The more severe the punishment, the harder the
offender will try to avoid it, and the more reluctant the punitive authority may become when
considering whether to implement the punishment. Consequently, the punishment will be
applied less consistently (e.g., Beccaria, 2008, p. 49-57). Not only that, to preempt the
punishment, a transgressing P may even choose to execute a self-coup, committing another
transgression (e.g., Cameron, 1998, p. 134). Thus, independent of Proposition m, having
a severe punishment can make the threat of punishment less credible, or even encourage
further transgressions.

Second, the gain from transgressions by leaders at the apex of government is often enor-
mous in political value, especially when the objective is to control the highest office of
government, which wields the power of legitimate violence or proclaiming states of exception
(e.g., Weber, 2004; Schmitt, 1985; Agamben, 2005). For the punishment to outweigh such
gains, it may need to be extremely harsh, making it infeasible in a civilized society (e.g.,
Beccaria, 2008, p. 85; Durkheind, 1973) B

A third limitation is that, when deterrence has been successful in the past, it may be
difficult for outsiders, such as social scientists, journalists, or concerned citizens, to determine
whether the punishment is indeed sufficiently severe. Our model helps to elaborate on this
point. As shown in Appendix @, an ongoing period of constant deterrence can occur in both
cases (a > c and a < ¢). Thus, observing an ongoing period of constant deterrence alone

cannot reveal whether the punishment is sufficiently harsh to ensure perpetual deterrence.

3As an famous example, Priscus Attalus, a leading Roman senator, was maimed of a thumb and a
forefinger in 416 for collaborating with the Visigoths and usurping the Roman emperorship in 409 and 414
(e.g., Bury, [1889, p. 150). Such a punishment, combined with public humiliation, “was intended as a lesson
for other Roman aristocrats of the dangers of independent action” (Salzman, 2021, p. 108).
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4.2 Wisdom of the Crowd

In our baseline model, C is a single player. As “the many are better judges ..when they come
together” (Aristotld, 1998, p. 83), could the wisdom of the crowd, i.e., letting C consist of
many non-partisan members, overcome the challenge in deterring transgressions at the apex
of government? In Appendix m, we analyze this setting by incorporating multiple members
into Congress, each with their own net incentive to convict a transgressing P, evolving and
subject to conditional revelation as w; in the baseline model. To ensure that these members
are non-partisan, we assume that these net incentives are mutually independent. We also
assume that a transgressing P will be punished if and only if he is convicted by a vote in
Congress, given a voting rule for conviction, and that each member votes sincerely.

We show that, given any super-majority rule for conviction, which is often required by
the seriousness of the matter in question, having many non-partisan members in Congress
exacerbates the problem presented in Proposition m This is because, as in the baseline
model, over time with constant deterrence, each Congress member will vote to convict a
transgressing P almost like a 50/50 coin toss. Since these members are non-partisan, the
Law of Large Numbers applies. Thus, in the limit over time, as the size of Congress increases,
it becomes almost certain that only about half of the members will vote to convict, failing to
clear the super-majority threshold Therefore, even if the punishment exceeds the gain from
transgression, this almost entirely non-credible threat of punishment will fail to deter P from
transgressing.E In this sense, for a wide range of reasonable voting rules for conviction, such
as any super-majority rule, the wisdom of the crowd does not help overcome the challenge

in deterring transgressions at the apex of government.E

4For example, in this limit, the probability of having at least two thirds of a Congress of 50 non-partisan
members voting to convict a transgressing P is 0.0077; the probability for a 100-member Congress is 0.0004.
One can also read this result as applying a special case of Condorcet’s jury theorem (Condorcet, 1785;
Grofman et all, 1983, p. 264), in which each voter votes for the correct decision with probability 0.5, to
super-majority voting rules.

®Bolton and Rosenthal (2002) recognize that a democratic process (majority or super-majority voting) can
certify occasions (widespread financial distress) about which economic contracts (debts) are incomplete and
warrant intervention (moratoria), and they show that such an ex post remedy, when anticipated, may improve
efficiency of resource allocation ex ante. Along this line, we recognize that, on occasions (transgressions by
the head of government) about which social contracts (constitutions) can be incomplete, a democratic process
(super-majority voting) can be used to certify a proper intervention (impeachment or not), and we show
that such an ex post remedy, when anticipated, will make such occasions inevitable. This provides an
interpretation in the framework of incomplete contracts for this result.

50ne may entertain the idea of having a voting rule that requires a super-majority for acquittal, i.e.,
a minority rule for conviction. Indeed, we show in Appendix [| that, in the limit over time with constant
deterrence, under such minority rule, as the size of Congress increases, it becomes almost certain that
any transgressing P will be convicted, thus deterring transgression. Yet, in reality, such voting rules may
encourage wrongful conviction of complying Ps.
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4.3 Additional Independent Punitive Authority

In our baseline model, C is the only institutional authority that can hold P accountable.
What if there were another independent punitive authority, such as an independent judiciary,
to punish the transgressing P if impeachment fails? In Appendix , we analyze this setting
by introducing another player, the Judiciary (J), who decides whether to rule against a
transgressing P with the same punishment, c. We assume that J has her own net incentive
to rule against P, which evolves and is subject to conditional revelation, just like C’s net
incentive to impeach P. We also assume that J is independent, meaning her net incentive to
rule against P and C’s net incentive to impeach P are mutually independent.

We show that having such J can only partially alleviate the problem presented in Propo-
sition m This is because, over time with constant deterrence, the additional threat of punish-
ment from J also becomes as non-credible as a 50/50 coin toss. Thus, in the limit, the overall
probability of punishment increases to 0.75, which is higher than 0.5 but still less than one.
As a result, although the required threshold for the gain from transgression increases from

a > ¢ to a > 3¢, the challenge in Proposition m still exists.

4.4 Many Overlapping Punitive Authorities

As having an additional independent punitive authority can partially address the challenge
in Proposition m, what if there were many such authorities, so that a transgressing P would
be punished if at least one of them decides to act against him? This scenario is exemplified by
federalism, where the federal government and each state government are considered separate
sovereigns. Under the “separate sovereigns” doctrine, even if the transgression is committed
only once, it can be addressed multiple times, each time by the judiciary of one of these
separate sovereigns.

In Appendix @, we analyze this setting, where a transgressing P is punished if C im-
peaches him or at least one of many separate judiciaries rules against him. We assume that
the net incentive for each judiciary to rule against P evolves and is subject to conditional
revelation, just like C’s net incentive to impeach P.

We show that, under certain conditions, the challenge in Proposition m can be fully
addressed in this setting. If all judiciaries and C are independent, meaning that their net
incentives to act against P are mutually independent, then, in the limit over time with
constant deterrence, the probability of eventual punishment is 1 — 0.5+ where N is the
total number of these separate judiciaries. As this number grows, this probability approaches
certainty, ensuring that P will comply regardless of the relative size of the punishment and

the gain from transgression. In this way, the challenge presented in Proposition m can be
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overcome with many overlapping punitive authorities.

That said, this solution depends critically on the mutual independence of all overlapping
punitive authorities, which is difficult to hold in a polarized political environment. For
example, if all these punitive authorities can be categorized into only three independent
groups, the probability of punishing a transgressing P in the limit over time with constant
deterrence would be 1 —0.5% = 7/8. Thus, if the gain from transgression is sufficiently large,
i.e., for any a > 7¢, the challenge in Proposition m would still exist.

Even if mutual independence were achievable, another concern can arise from having
many overlapping punitive authorities. As seen in federalism, the lack of uniformity in
state procedures and decisions may lead to political chaos at the federal level, as noted by
the Supreme Court of the United States in Trump v. Anderson (2024). These limitations

highlight the challenges of implementing this potential solution in practice.

4.5 Cultivating Political Culture

In light of these findings, a cultural approach is worth considering, and the literature of
constitutional law has been advocating for persistent efforts promoting a political culture
against the transgression in question (e.g., Huq, 2018). In our framework, we can model the
effect of such efforts as an additional known, positive drift every period, p > 0, in how the

state of the world evolves:
w; = pt + pw,_1 + €, where p >0, 0< p<1, and ¢, ~ N(0,0?), ii.d., with o > 0. (10)

In Appendix @, we show that the cumulative effect of such efforts in the long run would
still be too limited to fully address the challenge in Proposition m, as long as the state of
the world is subject to a mean-reverting force (0 < p < 1), such as a natural decay, however
slightly, over time. This is because, as the effect of the effort in each period decays over time,
in the limit over time with constant deterrence, the cumulative effect of such efforts would
shift the conditional distribution of w; only finitely, i.e., by u/(1 — p). Thus, the threat of
punishment would still resemble a coin toss with a fixed probability, and the challenge in

Proposition m would still persist.

5 Concluding Remarks: Other Applications

In this paper, we model the political nature of punishing transgressions at the apex of gov-
ernment through the conditional revelation of the circumstances that determine whether a

transgression will be punished. Our analysis highlights a fundamental challenge in deterring
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such transgressions: the very success of deterrence can lead to a lack of new empirical knowl-
edge about the underlying circumstances, gradually eroding the credibility of punishment
over time. We demonstrate that several institutional or cultural solutions either fail to fully
address the challenge or face inherent limitations.

Beyond transgressions by the head of government, our model also applies to deterring
other undesirable behaviors when the exact conditions determining whether such behaviors

will get punished only become clear after such behaviors have been committed:

Deterring international aggression. For instance, Figure @ applies our baseline model
to examine whether potential international intervention can deter an aggressor from invad-
ing another country. In this context, the conditions determining whether the international
community will intervene (w;) only become clear after the invasion occurs. If these condi-
tions evolve path-dependently yet stochastically, Proposition |ﬂ and our simulation in Figure
remain applicable: after a prolonged period of successful deterrence, if the prize of invasion
is sufficiently big, the aggressor will eventually invade as the threat of international interven-
tion gradually loses credibility, and consecutive aggressions may follow if the international

community does not intervene resolutely (ws < 0 or 0 < wy < w).

Aggressor (A)

Not invade Invade another country

Nature
A gets 0

I gets O Reveals w;

International community (1)

Not intervene Intervene

A getsa >0 A gets —c <0
I gets v —wy I gets v

Players know time, s < t, and state of the world, ws, at last invasion.

Figure 4: Deterring international aggression, period ¢

Beyond deterring undesirable behaviors, the insight from our analysis can shed light on
other contexts where the success of a preventive measure may obscure empirical evidence of

its necessity, jeopardizing its continuation. We conclude by discussing two examples:
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Whether to uphold the Voting Rights Act. First, consider Section 4 of the United
States Voting Rights Act of 1965, which provided a formula to identify jurisdictions requir-
ing federal preclearance for changes to voting laws — a measure designed to combat racial
discrimination in voting (e.g., Cascio and Washington, 2014). Figure H applies our baseline
model to this context, where the latent tendency of jurisdictions to enact discriminatory
voting laws (w;) would only become observable if preclearance were removed or rendered
ineffective. If this tendency evolves path-dependently yet stochastically, Proposition m sug-
gests that the Supreme Court of the United States might eventually perceive preclearance

as unnecessary and move to strike it down or significantly weaken it.

Supreme Court of the United States (S)

Uphold Section 4 of

Voting Rights Act Strike it down

Nature
S gets 0

J gets 0 Reveals w;

Jurisdiction in question (J)

Enact discrimtaroy

Not t such ch 3
Ob enact such changes changes to voting law

S gets a >0 S gets —¢ < 0
J gets v — wy J gets v

Players know time, s < t, and state of the world, ws, at last time when preclearance provision in
Voting Rights Act was ineffective or not in place.

Figure 5: Whether to uphold the Voting Rights Act of 1965, period t

Indeed, in Shelby County v. Holder (2013), the Court’s majority held that Section 4 of the
Voting Rights Act is unconstitutional, arguing that “the conditions that originally justified
these measures [of preclearance| no longer characterize voting in the covered jurisdictions.”
In her dissent, Justice Ginsburg countered that voting equality improvements were observed
in these jurisdictions precisely because “the preclearance remedy [has been] in place in the
covered jurisdictions [and] has worked and is continuing to work to stop discriminatory

Y

changes.” Supporting this view, recent studies have documented negative relative impacts
of this ruling on voter registration, turnout, and city-council representation among racial or

ethnic minorities (e.g., De Rienzo, 2022; Ricca and Trebbi, 2022; Billings et al), 2024).
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Vaccine hesitancy. As another example, the public health literature has long observed
that vaccine hesitancy — “delay in acceptance or refusal of vaccination” — can result from
vaccination complacency, which occurs when “perceived risks of vaccine-preventable diseases
are low and vaccination is not deemed a necessary preventive action” (MacDonald et al),
2015, p. 4161-4162). In particular, “[ijmmunization programme success may, paradoxically,
result in complacency and ultimately, hesitancy, as individuals [perceive] the disease the

vaccine prevents [as] no longer common” (MacDonald et al), 2015, p. 4163).

Representative individual of society (I)

Get vaccinated Not get vaccinated

Nature
I gets —c <0
Reveals w;

Outbreak

Does not occur if wy <0 Occurs if w; >0

I gets 0 I gets —d <0
I knows time, s < ¢, and state of the world, wg, at last outbreak in under-vaccinated population.

Figure 6: Whether to get vaccinated, period ¢

We can formalize this dynamic in Figure B, adapting our baseline model into a decision
problem of a representative individual of society. Here, ¢ > 0 represents the vaccination cost,
d > 0 the potential damage from an outbreak, and w; the conditions determining whether
an outbreak would occur in an under-vaccinated population, which only become observable
if the representative individual, and thus the population, choose not to get vaccinated.

When these conditions evolve path-dependently but remain uncertain, Proposition m’s
logic applies: prolonged success of vaccination may eventually lead individuals to forgo
vaccination as its perceived necessity diminishes. This dynamic, potentially exacerbated by
misinformation and conspiracy theories (e.g., Jolley and Douglag, 2014; Martinez-Bravo and
Stegmann|, 2022; Vergang, 2025), can have severe public health and economic consequences.
For instance, Lo and Hotez (2017) warn that “[a] 5% decline in MMR [Measles, Mumps, and
Rubella] vaccine coverage in the United States would result in an estimated 3-fold increase
in measles cases for children aged 2 to 11 years nationally every year, with an additional

$2.1 million in public sector costs.”
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Appendix

A Proof of Proposition

Proof. To prove Claim 1, suppose w, < 0. C will thus impeach P at period s. By w, < 0,

a > ¢, and Lemmas m and E, we have
Plwsi1 > 0| ws, s] < 0.5 <a/(a+c). (A1)

P will thus transgress at period s + 1. Claim 1 is proved.
To prove Claim 2, suppose wy > 0. First, C will thus impeach P at period s. Second, at
period s+ 1, by the evolution of w; in Equation (m), P will transgress at period if and only if

a/(a+c)>Plws1 > 0| wg, s] =P (pws/o), (A.2)

or equivalently, if
w, < (o/p)- @ (a/ (a+c)) = w. (A.3)

Note w > 0 because of a > ¢. Claim 2 is thus proved.

To prove Claim 3, suppose w; > w. By w > 0, we have w, > 0, and C will thus impeach
P at period s. By Claim 2, which is proved above, P will not transgress at period s + 1.
Now consider the periods onward. By wy; > 0 and Lemma E], as time passes with constant
deterrence, the conditional probability of punishment decreases and converges to 0.5; by
Lemma @, 0.5 < a/(a+ c). Therefore, there must exist a period 7', when Plw; > 0 | wy, s] is
so close to 0.5 for the first time that Plw; > 0 | ws, s] < a/(a+ ¢) will come to hold. Indeed,

in the case of p = 1, we have
T=s+ {wg/ (0 & (af (a+c)))2J 4, (A.4)

where |-| is the floor function, and, by ws > w, we have T' > s + 2; in the case of p € (0, 1),

N (0071 (af (a+ ) )
= ﬂl <wz<1—p2>+<a-<1>—1<a/<a+c>>>2> /2 ’)J“’ (4.5)

we have

and, by ws > w, we have T" > s + 2, too. P will thus not transgress until period T'— 1 but

will transgress at period T'. Claim 3 is thus proved, and so is the proposition. 0
The proof also implies simple comparative statics of the length of constant deterrence:

Corollary A.1. T in Proposz'tz'on@ increases with ws and decreases with o and a/c.
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B Not at the Apex of (Government

Figure El! shows the structure of the game if the transgression in question were not at the
apex of government, but a misconduct or crime in an ordinary setting. Compared with
Figure m, the only difference is that here, without the conditional revelation, the players
already know w; at the beginning of period ¢t. By backward induction, the punisher will
punish a transgression if and only if w; > 0; knowing that, the potential transgressor will
transgress if and only if w; > 0, independent of the history of transgression and punishment.

Therefore, deterrence would not be self-undermining in this setting.

Transgressor (P)

Comply Transgress

Punisher (C)

Pgetsa>0 P gets —c<0
C gets v — wy C gets v

Players know current state of the world, w;.

Figure B.1: Not at the apex of government, period ¢

C An Additional Known Component

Now consider an alternative setup as in Figure El!, where the net incentive for C to impeach
a transgressing P in period ¢ contains an additional component, u;, known to the players at
the beginning of period t. Since this component captures the “known,” i.e., not too wild,
side of the state of the world, we further assume that this component is bounded from above,

ie., uy < u < oo. Since w, is still the unknown component, we assume that w; still follows
w; = pwy_1 + €, where 0 < p <1, and ¢ ~ N(0,0?), i.id., with o > 0, (C.1)

and is independent from w;.
Given this setup, by backward induction, C will impeach a transgressing P if and only if

wy > —uy. Given this strategy of C, P will transgress if and only if
—c - Plwy > —ui|ws, s,us] + a - (1 — Plwy > —ug|ws, s,u:]) > 0, (C.2)
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President (P)

Comply Transgress

Nature
Reveals w;

Congress (C)

P getsa >0 P gets —c <0
C gets v — ug — wy C gets v

Players know time, s < t, and state of the world, ws, at last transgression, and u;.

Figure C.1: An additional known component, period ¢
or equivalently, if
Plw; > —ui|ws, s,us] < af(a+ c). (C.3)
Given the evolution of w; and its independence from u;, we have

N (Fwn (1- 209 -2/ (1— 7)) e (0.1)
N(wsa(t_s)'UQ) 1fp:1

(we | ws, 8, up) ~

(C.4)

Therefore, we have

P ((ws +uz)/ (o-VE—5)) if p=1.

Plw; > —uy|ws, s, u,

By u; < @ < o0, we have, ast — s — o0,

o [ —piwetn —><I>(”'”jp2)<1 if p € (0,1),

_,2(t—s)
Plw; > —u|wg, s,u,] < o[

P ((ws+a)/(o-vE—s)) =05 if p=1.

(C.6)

Therefore, if p = 1, whenever a > ¢, perpetual deterrence will be impossible; if p € (0, 1),

a>c-q>(a-M/a)/(1—@(a.ﬂ/a>) (C.7)
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perpetual deterrence will be impossible, still. Therefore, the challenge in Proposition 1 will
still emerge even if we take into consideration an additional known component of the net

incentive for C to impeach a transgressing P.

D Additional Signals from Test Transgressions

Now consider an extension of the baseline model, where we denote the severity of the “real”
transgression in question as = € R and the state of the world as w; (). With this notation,

the evolution of the state of the world becomes
wy(Z) = pwi_1(Z) + &, where 0 < p <1, and ¢, ~ N(0,0?), i.id., witho >0. (D.1)

We assume that, at the start of each period ¢ and before the game is played following the
baseline setup, P first commits a minor, “test” transgression of severity £ < z. This test

transgression is costless and generates a public signal of the state of the world,
w; (%) = wy (T) + e;, where e, ~ N (0,(Z — 2)¢°), i.id., with ¢ >0, (D.2)

and all ¢s and e;s are mutually independent. This signal-generating process implies that
the more different the test transgression and the real transgression in question are, the more
coarse this signal would be. At one extreme, when T — & — 0, the real transgression in
question is as minor as the test transgression, and the signal from the test transgression
would precisely reveal the state of the world; at the other extreme, when ¥ — & — oo, the
real transgression is extremely different from the test transgression in their nature, and the
signal would not reveal much of the state of the world.

We assume that all players will process the signals using Bayesian updating, and we
want to understand how these signals may change the dynamics of the game. First, consider
the end of period s, when the last real transgression happened with the state of the world

revealed as wg (Z). P’s posterior about w; (Z) is
(ws (2) | ws () ,5) ~ N (L™, 1/p2™) | (D.3)

where the mean and precision are, respectively,

post

PPt = w, (z), pPo = oo. (D.4)

S

Second, at the start of period s + 1, before receiving the signal, w1 (Z), while knowing
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the evolution of the state of the world, P’s prior about w1 (Z) is
(Wt (7) | ws (7),5) ~ N (3T /P20 | (D.5)

where the mean and precision are, respectively,

P = ot = pwg (7)), pUY =1/ (070 4 0®) = 1/0”. (D6)
Since signal follows
(Wsp1 (2) | wepr (7)) ~ N (wers (), (7 — 2) %), (D.7)

by Bayesian updating, P’s posterior about w1 (%) is

(o1 (2) | ws (), 5, w1 (2)) ~ N (257, 1/025) (D.8)

where the mean and precision are, respectively,

prior prior A _ AN 92
- +w )/ (T —2)¢ .
Sj,)-slt ps—H ?;itr s+1 ( )/ ( ) : Sj,)-slt S:tl)r 1/ (l’ 17) §2‘ (Dg)

Poy1 t 1/ (f - i) G2

We can do this up to the start of period ¢, assuming that no real transgression has

happened from period s+ 1 to t — 1. At the start of period ¢, P’s prior about wy (Z) is

(we (Z) | ws (), 8, Wep1 (L) 5. wey (£) ~ N (pd prior 9 /) preny | (D.10)

where the mean and precision are, respectively,

= 1] (I ). 11

Since the signal follows
(we (%) [ we (7)) ~ N (we (), (T —2) <), (D.12)

by Bayesian updating, P’s posterior about wy (Z) is

(Wer1 (Z) | ws (), 8, Wep1 (2) .. we (8)) ~ N (18, 1/pP) (D.13)
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where the mean and precision are, respectively,

prior prior A - 2\ 2
0s p Y +w T —)§ 0s rior - N
= M L SIS ey @ -8 (D)
: _

It is not straightforward to write out the general formulas for 1" and pP**, but we

can analyze two extreme cases. If the real transgression in question is as minor as the test

transgression, i.e., if £ — 2 — 0, then we have

N = pwe_y (2), PP = 1/0% % = w (8),  pP® — oo, (D.15)
The game thus converges to the model in Appendix B, which is for misconduct and crimes
not at the apex of government, where the current state of the world is known at the start of
each period, and the challenge in Proposition E] would not exist. If the real transgression in
question is extremely different from the test transgression, instead, i.e., if £ — & — oo, then

we have

t—s—1
,UfOSt N M?nor N pt—su}S ([i’), pgost N p?rlor N 1/ ( Z p27> 0_2‘ (D16)

The game thus converges to the baseline model, and the challenge in Proposition EI would
remain. This demonstrates that the challenge in Proposition E] arises distinctively when the
real transgression in question is not any minor ones, so that little can be learned from these

minor ones about the state of the world relevant to the real transgression in question.

E Alternative Ways of Evolution of the World

Deterministic world. If o =0, the current state of the world follows
wy = pwy— = p*w,, where 0 < p < 1. (E.1)

This implies that the revelation of the state of the world at the last transgression can perfectly
indicate the current state, i.e., w; > 0 if and only if ws > 0. Therefore, once a transgression
is punished, at each future period, P will understand that any transgression will be punished,

so will not transgress. Thus, the challenge in Proposition E] would not emerge.

Path-independent world. If p = 0, the current state of the world at each period is

independent of past states of the world, i.e.,
wy =€ ~ N (0,0%), iid., with o > 0. (E.2)
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The probability of punishment is thus independent of the state of the world at the last
transgression, i.e.,
Plw; > 0 | wg, s] = Plw; > 0] = 0.5, (E.3)

which is a constant. P will thus always transgress, or always not transgress, in each period,
depending on whether or not a > ¢, while independent of the last revelation and how distant

it has been in history. Thus, deterrence would not be self-undermining over time.

Oscillatory world. If p < 0, first observe that
(Wer1 | ws, 8) ~ N (pws, %), where 0 > 0 and p < 0; (E.4)

(Wer2 | wy, 8) ~ N (p*ws, (1+ p*)o?) , where o >0 and p < 0. (E.5)

Now we consider two cases. First, for any w, > 0, i.e., right after any impeachment, it must
follow that pws < 0 and, thus, Plws1; > 0 | wg, s] < 0.5. By Lemma E, this implies that, for
any transgression gain that is greater than the punishment, i.e., a > ¢, deterrence will fail
for sure at s + 1.

Second, for any wy < 0, instead, i.e., right after any unpunished transgression, it must
follow that p?w, < 0 and, thus, Plws,o > 0 | wy, s] < 0.5. By Lemma E, this implies that,
for any transgression gain that is greater than the punishment, i.e., a > ¢, deterrence will
fail for sure at s+ 2, if it succeeded at s+ 1. Thus, in an oscillatory world, deterrence would

never last, and the challenge in Proposition m would have no opportunity to emerge.

Explosive world. If p > 1, first observe that the conditional distribution is
(we | ws, s) ~ N (p" 5w, (1 — pQ(t_S)) -0°/(1—p?)), where o >0 but p > 1. (E.6)

The conditional probability of punishment is thus

Pluc> 0 wasl = (97w, (o f0 - 0= )). m7
Observe that, for any ¢ —s > 1 and ws > 0, Plw; > 0 | wy, s] decreases with ¢t — s and

P[wt>0]ws,s]—>q><\/p2—1-w5/0> ast— s — 00. (E.8)
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Therefore, for any a > 0 and ¢ > 0, there exists

W= (a/m) &L (a/ (a+c)) (E.9)

such that, for any w, > w,

Plw; > 0| ws, s] > a/(a+c) (E.10)

will always hold for any ¢t — s > 1, i.e., transgression is forever deterred. The challenge in

Proposition m would thus not exist.

F Payoff Uncertainty

Now consider an alternative setup as in Figure El], where strategic uncertainty, i.e., whether
C will impeach a transgressing P, is replaced by an exogenous probability of punishment,
p € (0,1), and payoff uncertainty about the gain and punishment, a; and ¢;, with conditional

revelation. About the evolution of (a;,c;), we assume that
a; = pai_1 + €/, ¢ = pc_1+¢€, where p>0; (F.1)

e ~ N(0,02), iid., with o, > 0; € ~ N(0,0?), iid., with 0. >0, (F.2)

and all €/s and €/s are mutually independent. The time of the last transgression is still

denoted as s < t. We still assume a myopic P.

President (P)

Comply, Transgress

Nature
Reveals ¢;
Congress (C)

Does not impeach w.p. 1 —p Impeaches with probability p € (0,1)

P getsa; P gets —¢;
P knows time, s < ¢, and state of the world, (as, cs), at last transgression.

Figure F.1: Payoff uncertainty, period ¢
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Given this setup, at the beginning of each period ¢, P will transgress if and only if
E[(l_p)at_pct ’ CLS,CS,S] > 07 Le., (1_]9) 'E[at ’ CLS,CS,S] >p'E[Ct ‘ as,cs,s]. <F3>
Given the evolution of (ay, ¢;), this condition is equivalent to

(1—p)- P fas > p-ptToc,, e, (1—=p)-as>p-cs (F.4)

which is independent of o, and o, i.e., the payoff uncertainty, and ¢t — s, i.e., how long
transgression has been deterred. Therefore, once transgression is deterred, it is forever
deterred. We see that the challenge in Proposition El is about strategic uncertainty, not

payoff uncertainty.

G Forward-looking Players

In the main text, we have assumed that the players are myopic. In this section, we show that
the challenge presented in Proposition m is robust with respect to forward-looking players.
In particular, we assume that, once a P is impeached, a new P will replace him immediately,
and the exiting P will suffer a permanent punishment of ¢ > 0 every period afterward; all
the players are forward-looking with an infinite horizon, and the discount factor is § € (0, 1).

We consider symmetric, pure-strategy Markov-perfect equilibria (SMPE), where “sym-
metric” means that all Ps are restricted to adopting the same strategy. The payoff-relevant
variables, i.e., state variables, are thus only the last revelation of the state of the world, i.e.,
at the last regression, wg, and how long time it has been since the last transgression, ¢ — s.
We thus write the net present values that the players enjoy in equilibrium at the beginning
of period t as V;(ws,t — s), i = C, P.

Figure @ then illustrates the structure of the subgame starting from ¢, taking the
continuation value in equilibrium for the future period as given. At the beginning of period
t, the payoff-relevant variables, w, and t — s, are known to all the players. As in Section B, for
simplicity, we still assume that C will not impeach P if indifferent between impeaching and
not impeaching, and P will not transgress if indifferent between transgressing and complying.

We first establish the existence and uniqueness of the equilibrium. By Figure @, we

can pin down C’s equilibrium strategy, since she cannot affect the future state of the world:

Lemma G.1. In any SMPE, C’s strategy is to impeach any transgressing P at period t if
and only if wy > 0.

Lemma @ helps us reduce the subgame at period t, as in Figure @, into a decision
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President (P)

Nature
P gets fVp(ws,t +1 — s)

C gets Vo (ws,t +1 — 5) Reveals wy

Congress (C)

Not impeach Impeach

P gets a + fVp(wy, 1) P gets —c/(1 — p)
C gets v — wy + BVo(wy, 1) C gets v + BV (wy, 1)

Players know time, s < t, and state of the world, wg, at last transgression.

Figure G.1: Forward-looking players and permanent punishment, subgame at period ¢

President (P)

Nature
P gets fVp(ws,t +1 —s)
Reveals wy

Congress (C)

Does not impeach if w; <0 Impeaches if w; > 0

P gets a + pVp(we, 1) P gets —c/(1 — )
Players know time, s < t, and state of the world, ws, at last transgression.

Figure G.2: Forward-looking players and permanent punishment, subgame at ¢ reduced

problem for P, as in Figure @ P’s strategy in any SMPE is thus to transgress at period ¢
if and only if

E[a+ BVp(w, 1) | wy < 0,ws, s] - Plw, < 0| ws, s] — (¢/(1—75)) Plw, > 0| w, ]
>3- Vp(ws, t+1—3), (G.1)

or equivalently, if

a-Plwy <0 |ws,s]—(¢/(1=05)) Plw >0 | ws,s]
+ 5 -E[Vp(w, 1) | wy < 0,ws,s] - Plw, <0 | ws,s| >0 Vp(ws, t+1—s), (G.2)

A-10



The Bellman equation for P at the beginning of period ¢ is thus

Vp(ws,t — s) = max {a-Plw, < 0] w,,s] - (c/(1—p))-Plw, >0 | w,, ]
+ 6 -E[Vp(w, 1) | wy <0,ws,s] - Plw, <0 | ws, s,
B-Vp(ws, t+1—s)}. (G.3)

We can then establish the existence and uniqueness of the equilibrium:

Proposition G.1. There exists a unique SMPE, in which C will impeach any transgressing

P at period t if and only if w, > 0, and P’s strategy solves the Bellman equation,

Vp(ws, t — s) = max {a - Plw, < 0] ws,s]— (c/(1—p)) - Plw, >0 | w,, 5]

+ 6 -E[Vp(w, 1) | we < 0,ws, s] - Plwy <0 | wy,s],
B Vp(ws, t+1—s)}. (G.4)
Proof. First, by Lemma Ell, we have C’s strategy in any SMPE, if exists. Second, observe
that any Vp(+,-) in equilibrium, if exists, must be bounded by [0,a/(1 — 3)]. This is because,
an always-complying strategy will generate a zero net present value for P, while the best
possible scenario for P would not be better than an always-transgressing strategy being

never punished, which would generate a net present value of a/(1 — () for P.
Now denote the set of functions from R x N* to R that are bounded by [0,a/(1 — /)] as

SE{I/:RXN+—>R,I/(-,-)€[O,a/(l—,@)]}, (G.5)
and endow it with the sup-norm metrics,

p(v,p) = sup |v(z,y) — p(z,y). (G.6)

(z,y)ERXNT
Also denote the operator from S to S that is based on the Bellman equation as
G(v)(ws,t — s) =max {a-Plw, <0 | ws,s] — (c/(1=5)) Plw, > 0| wy, s]

—|—6 . E[V(U}t, 1) ‘ wy < Oawsas] ’ P[wt <0 | U)S,S],
B v(ws,t+1—5)}. (G.7)

It is easy to show that G satisfies Blackwell’s sufficient conditions for a contraction of modules
B € (0,1). By Banach’s contraction mapping theorem, G thus admits a unique fixed point,
which is the value function Vp(:,-) in the unique SMPE. The proposition is thus proved. [

We can then show a result parallel to Proposition m:
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Proposition G.2. Given any a > ¢/(1 — f3), there does not exist a finite level of the state
of the world at a transgression at period s, ws < 00, such that, in the unique SMPE, P will

always comply from period s + 1 onward.
Proof. Suppose that there exist such wy < oo that, in the unique SMPE, P will comply in
any period t > s+ 1. Since P will comply in any period ¢ > s + 1, then we have, for any
t>s+1,
a-Plw, <0 |ws,s|—(c/(1—05)) Plw >0 | ws,s]
+ 6 -E[Vp(w, 1) | wy <0,ws,s] - Plw, <0 | ws,s] <B-Vp(ws, t+1—5), (G.8)
where
Vp(ws,t+1—15)=0. (G.9)
This condition thus becomes
a-Plwy <0 |ws,s]—(c¢/(1=05)) Plw >0 | ws,s]
+ 0 -E[Vp(w, 1) | wy < 0,ws, 8] - Plw, <0 | ws,s] <0, (G.10)

or equivalently,

a—(a+(c/(1=75))) Plws > 0| wy,s]

+ 6 -E[Vp(w, 1) | we < 0,ws,s] - Plw, <0 ] ws,s| <O0. (G.11)
Note that, by Lemma m, Plw; > 0 | ws,s] — 0.5 ast — s — oo; we also know Vp(-,-) €
[0,a/(1 — B)]. Therefore, by a > ¢/(1 — (), as t — s — oo, the left-hand side of Inequation
() is strictly positive. This inequation thus cannot hold as ¢ — s — 0o, contradicting to

what we have supposed. The proposition is thus proved by contradiction. Il

H Severe Punishment

Now we turn to the case where the punishment for transgression is sufficiently severe, i.e.,
¢ > a. Lemmas El and @ imply that perpetual deterrence will become possible, in that once

transgression is deterred, it will be forever deterred:
Proposition H.1. For any a < ¢, we have w = (c/p) - @' (a/(a +¢)) <0, and

1. if ws < w, then C will not impeach P at period s, and P will transgress at s + 1;

2. if w < ws <0, then C will not impeach P at s, but P will never transgress from s + 1

onward;
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3. if wg > 0, then C will impeach P at s, and P will never transgress from s+ 1 onward.

Proof. About Claim 3, since w, > 0, C will impeach P at period s. By Lemma El, the
conditional probability of punishment at period s 4+ 1 is greater than 0.5; by a < ¢ and
Lemma E, even a 50/50 coin toss is able to deter transgression. Therefore, P will not
transgress at period s + 1. Since no transgression has happened since period s + 1, period s
was still the last time when the state of the world was revealed. The same argument applied
to period s + 1 thus applies from period s + 2 onward, and P will thus not transgress from
period s + 2 onward. Claim 3 is thus proved.

About Claim 2, by ws < 0, C will not impeach P at period s. About period s + 1, as in
the proof of Proposition m, P will transgress if and only if

w, < (o/p)-® ' (a/(a+c)) =w, (H.1)

though, by a < ¢, w < 0. Therefore, if w < w; < 0, then the threat to punish is sufficiently
credible to deter P from transgressing. About period s 4+ 2, by the fact that P will not
transgress at period s + 1, period s is still the last time when the state of the world was
revealed. By w, < 0 and Lemma El, that implies that the threat of punishment at period
s + 2 is even more credible than that at period s + 1, so it is sufficiently credible to deter P
from transgressing at period s 4+ 2. The same argument applies from period s + 2 onward.
Claim 2 is thus proved.

About Claim 1, since w, < w, P will transgress at period s+ 1; since w < 0, wy < 0 and

C will thus not impeach P at period s. Claim 1 and the proposition are thus proved. [

Proposition Ell suggests that the self-undermining nature of deterrence of transgressions
will not be a problem for perpetual deterrence, if the punishment is sufficiently severe. The
relative size of P’s gain and punishment for transgression is thus a key parameter about
the institution surrounding the players. A question follows: if someone cannot observe the

institution directly, can she find it out from the dynamics of transgression and impeachment?

Corollary H.1. Only observing a transgressing P being impeached at period s < t and
constant deterrence from then to the current period t, one cannot identify whether or not the
institution will make the constant deterrence forever, i.e., whether a < ¢ or a > c¢; she can

tell a > ¢ once another transgression happens.

The intuition behind Corollary @ is simple: an ongoing period of constant deterrence
can happen in both the cases of a > ¢ and a < ¢. In this sense, only observing an on-
going period of constant deterrence will not tell us much about the underlying institution.

Therefore, not only does constant deterrence generate a lack of new empirical knowledge
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about the state of the world, as contained in the setup of our model, but it cannot tell much
about the institution by itself; in order to learn about the institution, one has to wait for

the institution to be under stress, i.e., when a transgression happens.

I Congress of Many Non-partisan Members

Now consider an extension as in Figure @ The main difference from Section E is that now
Congress consists of N > 3 members, each denoted by ¢« = 1,2,..., N. With this Congress
of multiple members, after P transgresses and Nature reveals the state of the world, each
Congress member will vote sincerely, i.e., considering oneself to be pivotal when voting, on
whether to convict P. P will then be convicted if and only if there are greater than a/N yes

votes, where a € [0,1) is exogenous and represents the voting rule for conviction.

President (P)

Nature
P gets 0

Each member i gets 0 Reveals wy = (w14, wat, ..., WN )

Each Congress member, i =1,2,..., N,

votes sincerely on whether to convict P

If > aN yes votes,
P is convicted

If < aN yes votes,
P is not convicted

P getsa >0 P gets —c < 0
Each member ¢ gets v — w;; Each member i gets v

Players know time, s < t, and state of the world, ws, at last transgression.

Figure I.1: Congress of N > 3 members, with voting rule o € [0, 1), period ¢

All the other features of the extension follow the model in Section B, with accommodations
necessary for a Congress of multiple members. About the state of the world, we assume
that each Congress member faces her own net incentive to convict a transgressing P, w; ;.
The state of the world is thus a vector now, wy = (w4, way, ..., wyt). We assume that
each component of the state of the world evolves as modeled in Section E, i.e., for any 1,
Wiy = piwis_1 + €y, where 0 < p; < 1 and ¢ ~ N(0,0?), independent and identically
distributed, with o; > 0. We further assume that all w;;s are mutually independent across

all 7, so that all the Congress members are non-partisan.
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Given this setting, at each period ¢, by backward induction, each Congress member ¢ will
vote to convict a transgressing P if and only if w;, > 0, while P will transgress if and only

if the threat of conviction is not credible enough, i.e.,
P[W; > aN | ws,s] < a/(a+ c), (L.1)
where W, is the number of convicting votes against a transgressing P.

Limit over time with constant deterrence. About this threat of conviction, since all
w; s are mutually independent across all ¢, Lemma m still applies. In particular, as time
passes with constant deterrence, the threat from each Congress member ¢ to vote to convict
P, conditional on the time and state of the world at the last transgression, s and w,, will

converge to a 50/50 coin toss, i.e.,
Plw; > 0| ws,s] - 0.5 ast —s — oo. (1.2)

Therefore, in this limit, the conditional distribution of the number of votes to convict a
transgressing P will converge to a Binomial distribution, with the number of Bernoulli trials

being N and the success probability being 0.5, i.e.,
(W, | ws, s) LW ~ B(N,0.5) as t — s — oc. (1.3)

By the Weak Law of Large Numbers, this implies that, in this limit over time with constant
deterrence, as the size of Congress, IV, increases, it will be almost certain that the proportion

of the Congress members voting to convict a transgressing P will be close to one half, i.e.,
W/N £ 0.5 as N — oo. (1.4)

Applying the voting rule to this limit, we have the following proposition:

Proposition I.1. For any transgression gain and punishment for P, given any super-majority
rule for conviction in impeachment, in the limit over time with constant deterrence, as the
size of Congress increases, it will be almost certain that Congress will not convict any
transgressing P and, therefore, P will transgress; given any minority rule, in the limit over
time with constant deterrence, as the size of Congress increases, it will be almost certain that

Congress will convict any transgressing P and, therefore, P will comply. Mathematically, for
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any a >0 and ¢ > 0,

if05b<a<1, thenP[W >aN]—0<a/(a+c) as N = o0;
if0<a<0.5, then P[W >aN|—1>a/(a+c) as N — occ. (L.5)

Proposition @ suggests that admitting many non-partisan members to Congress, given
any super-majority rule for conviction, will make the problem presented in Proposition EI
even worse: it is almost certain that transgression cannot be forever deterred, even if the

transgression gain is smaller than the punishment, i.e., a < c.

J Another Call by an Independent Judiciary

Now consider another extension as in Figure El! The main difference from Section E is that
now, in case that a transgressing P is not impeached by C, a Judiciary (J) can make another
call on the matter. If J rules against P, then P will still be punished; if J rules in favor of P,
then P will receive the gain from transgression. The net incentive for J to rule against P is

wy, where we assume that
w, = p'w_, + ¢, where 0 < p' <1, and €, ~ N(0,0?), ii.d., with o’ > 0, (J.1)

and is subject to the same conditional revelation as w;. We also assume that the judiciary
is independent, such that w; and w; are mutually independent.

Given this setting, P will transgress if and only if
Plw; > 0 or w, >0 | ws, wl,s] <a/(a+c). (J.2)
Note that, by the mutual independence between w; and w;, we have
Plw;>0o0r w, >0]|ws,w,s]=1—Plw, <0|ws,s] -Plw, <0 w,s]. (J.3)
Ast — s — oo, we have
P [w; >0 or w; >0 | ws,wl,s] = 1—0.5x0.5=0.75. (J.4)

Therefore, if
a/(a+c) > 0.75, ie., a > 3c, (J.5)

then constant deterrence cannot last forever. Therefore, the challenge in Proposition m will
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President (P)

Transgress

Nature

P gets 0 ,

C gets 0 Reveals (wy, wy)
J gets 0 Congress (C)
Not impeac mpeach

Judiciary (J)
P gets —c <0

Rule in favor of P, Rule against P

C gets v
J gets v/
P getsa >0 P gets —c
C gets v — wy C gets v —wy
J gets v/ — wj] J gets v/

Players know time, s < t, and state of the world, (ws,w’), at last transgression.

Figure J.1: Another call by judiciary, period ¢

still emerge, even though the required threshold for the transgression gain relative to the

punishment is higher, i.e., a > 3¢, instead of a > c.

K Federalism

Now consider a further extension as in Figure @ The main difference from Section ) is now,
each of N Judiciaries, J;, ¢ = 1,..., N, in sequence, can make her call if the transgressing
P is not punished by C and the judiciaries before her, such that a transgressing P will be
punished if C impeaches him, or if at least one J; rules against him. The net incentive for
each J; to rule against the transgressing P is w;, and subject to conditional revelation.

Now suppose that all judiciaries are independent from C and each other, i.e., for each
1=1,...,N,

wh, = plwl, | + €, where 0 < p} < 1, and €, ~ N'(0,07), i.id., with o] >0,  (K.1)
and w’u, s Wiy, and wy are mutually independent. Thus, P will transgress if and only if

Plw,>0o0rwy, >0o0r ... orwy,>0|w,w,, ..., wy,s| <a/(a+c). (K.2)
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President (P)

Comply, Transgress

Nature

Everyone gets 0
yORe 8 Reveals (wg, w] 4, ... Wy )

Congress (C)
Not impeac mpeach

Judiciary 1 (Jq)

) P gets —c <0
Rule in favor of P Rule against P C gets v
Judiciary 2 (J2) Jj gets vj

Rule i.f.o. P ule a. P v oots o —
Jj gets v
P gets —c
Rule i.f.o. P C gets v — wy

Jy gets v —wh,
Jj gets v}, j > 1

Judiciary N (Jn)

Rule ifo. P Rule a. P

P getsa >0 P gets —c
C gets v — wy C gets v — wy
Jj gets vj —wj, Jj gets v —wj,, j <N
Jn gets vy

Players know time, s < t, and state of the world, (ws, w’Ls, . w;\/,s)7 at last transgression.

Figure K.1: Federalism, period ¢

Note that, by the mutual independence among wf ;, ..., wy ;, and w;, we have

P [w; > 0orwj, >0o0r ... or wy,>0|ws,w,,. .. , Wy,
N
:1—P[wt§0|ws,s]-HP[w;’t§O|w'» s].

2,87

i=1
Ast — s — oo, we have

P [w,>0orwy, >00r ... or wy, >0 |ws,w,,...,wy, s —-1—05"""
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In this limit, as N — oo, we have
P w, >0orwj, >0o0r ... or wy,>0|ws,wl,, ... ,wy,s — 1 (K.5)

Therefore, for any given a > 0 and ¢ > 0, in the limit over time with constant deterrence, as
the number of independent judiciaries increases, it will be almost certain that a transgressing
P will be punished and, therefore, P will comply. In this sense, the challenge in Proposition
m can be overcome asymptotically.

Note that this result is conditional on the mutual independence of all the judiciaries and
C. To see this, suppose instead that all the judiciaries face the same incentive as C’s, i.e.,
for any i = 1,..., N, w;, = w;. This setting is then reduced to the baseline model, and
Proposition EI holds.

L A Positive Drift

Now suppose that the state of the world evolves with a positive drift every period, i.e.,
w; = p+ pwy_y + ¢, where p >0, 0< p <1, and ¢ ~ N(0,0?), iid., with ¢ > 0. (L.1)

Its distribution, conditional on its value and the time at the last transgression, is thus

N (5255t pw, AR 02) i pe (0,1),

1-p

N ((t = 8)p+ ws, (t —s) - 0?) if p=1.

(wy | ws, ) ~ (L.2)

The conditional probability of punishment is thus

Plw; > 0 | w,, 5] = ® (<11ptﬂ_s '“+pt_8“’3> / (U' 11/)2(;25)» o e 0.1, (L.3)
O ((u(t—s)+wy) [ (o-VE=35)) if p=1.

Therefore, as t — s — 0o, we have

@ (/o) A+ /=) € (05,1) if pe(0,1),
1 if p=1.

Plw; > 0 | wg, 5] — (L.4)

Therefore, having a constant positive drift can only partially alleviate the problem presented
in Proposition EI, if the effect of historical shocks decays over time; it cannot overcome the

challenge, unless there is no such decay.
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