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Abstract

We explore what group reputation is and model its formation and evolution.
Based solely on group signals, we define a player’s group reputation as the be-
lief that others have about the characteristics of the group the player belongs
to. A model of group reputation of civil servants is constructed to character-
ize the strategic behavior of potential bribers and civil servants. We analyze
the possible steady states and their feasible conditions under the anonymous
matching and acquaintance matching respectively, as well as the dynamic anal-
ysis. Then, we show that the regime change from acquaintance matching to
anonymous matching will cause the rampancy of corruption if the supervision
effort level is small. Finally, we investigate the effectiveness of anti-corruption
policy and show that to turn around a high level of corruption, the level of
supervision effort has to reach some minimum level. In addition, the effective-
ness of the anti-corruption policy is not monotonic with respect to the level
of supervision effort. As there are two types of corruption behavior of civil
servants: accepting bribes and dereliction of duty, anti-corruption should work
along both lines.
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. a few bad apples spoil the bunch ...

1 Introduction

Reputation matters not only when players want to establish long-term relationship
with others, but also in various one-shot interactions, policy makings, and institu-
tional setups. The issue of individual reputation is well studied. But in the real world,
people often make decisions based on the group reputation of unfamiliar persons. How
does group reputation form and evolve? What effects does group reputation have on
social activities?

The starting point of the reputation model is incomplete information, which in-
duces either adverse selection, moral hazard, or both. Tirole (1996) is the first attempt
to model the idea of group reputation as an aggregate of individual reputations. Due
to group pooling (individual players’ unknown ages and imperfect signals of players’
history records), individual reputations relate to group reputation; and the new mem-
bers may suffer from the original sin of their elders. Levin (2009) adopts a similar idea
that a player cannot be perfectly distinguished from others and argues that peers’
past behaviors affect players’ record of performance. Both papers focus on individual
reputation and do not clarify the difference between individual reputation and group
reputation.

A big problem is that one can get a group’s reputation with receiving any infor-
mation about a specific individual in the group. In this paper, we define individual
reputation and group reputation as follows:

A player A;’s individual reputation to do X with respect to some others
P; is the belief of P; on the type or behavior of A; to do X.*

Group G}’s group reputation to do X with respect to P; is the belief
of P; on the type or behavior of any player A; € Gy, to whom F; does
not have individual information, to do X.

According to this definition, we divide group G, into two disjoint subgroups: play-
ers whom P; is familiar with (P; has additional individual signals on these players),
players whom P; is not familiar with. For players belonging to the first subgroup,
each player’s individual reputation with respect to P; may vary upon the individual
signals P; has. But for players belonging to the second subgroup, each player’s indi-
vidual reputation with respect to P; is same as the group reputation because P; does
not have additional individual signals on these players.

! According to Hardin (1993), trust is a three-part relationship: A trust B to do X. Similarly,
reputation is also a three-part relationship: B’s reputation to do X with respect to A is A’s belief
on the type or behavior of B to do X.



For a sufficiently large group, it is safe to say that there are always some players
within the group unfamiliar to some others P;. If indeed P; is familiar with everyone
in a group Gy, we can define the group reputation of G, with respect to P; as follows:
imagining if there were a player who belongs to G, but P; does not have individual
information regarding to this player, what is her individual reputation? And this
represents the group reputation.

In other words, a player’s group reputation is the belief others have about the char-
acteristics of the player’s group, which is based solely on group signals. A player’s
individual reputation is derived from her group reputation by adding individual sig-
nals. In this paper, a model of group reputation of civil servants is constructed to
characterize the strategic behavior of potential bribers and civil servants.

We consider two different regimes: anonymous matching and acquaintance match-
ing. Under anonymous matching, potential bribers do not know the true type of the
civil servants they are matched with and thus will decide whether or not to offer a
bribe according to the current group reputation of the civil servants, whereas under
acquaintance matching, potential bribers know the true type of the civil servants they
are matched with and thus will decide whether or not to offer a bribe according to
the current private reputation of the civil servants. As in Ténnies (2001), the tran-
sition from community to civil society may change the way of interaction among the
individuals. In particular, originally potential bribers know the true type of the civil
servants they are matched with. Now with the enlarged group, the true type of the
civil servants may not be known anymore.

According to Bardhan (1997), the definition of corruption is “the use of public
office for private gains, where an official (the agent) entrusted with carrying out a
task by the public (the principal) engages in some sort of malfeasance for private
enrichment which is difficult to monitor for the principal.” Most current literature
on corruption focuses on the principal-agent relationship between officials and the
government, in which the officials delegate the government to allocate some scarce
resources.

In this paper, we focus on two types of corruption behavior of civil servants:
accepting bribes and dereliction of duty. Civil servants have the right to examine and
approve some project of the private agents by some criteria, such as the road test for a
driver license. The civil servants could belong to the type of “bad” or “opportunist.”
The bad type always accepts bribes and is dereliction of duty (intentionally place
obstacles) during the tests if there is no bribe. The opportunist type will weigh the
advantages and disadvantages to decide whether to accept bribes or dereliction of
duty during the tests if there is no bribe.

The reason to focus on these two types of corruption is that bribes accepted by
civil servants are actually “protection money” to prevent them from dereliction of
duty, which is different from the “grease money” as in the corruption on allocating



scarce resources. The former is more closely linked to the civilians. And the result
of this type of corruption is much more severe because “protection money” directly
affect the welfare of the civilians. The corruption related to “grease money” only
affect the welfare of the civilians indirectly through embezzling the public resources
by the officials and the bribers. In some cases, “grease money” even could reduce
the inefficiency in public administration. For instance, Lui (1985) argues “the server
could choose to speed up the services when briber is allowed” and as a result the
outcome is socially optimal.

We analyze the possible steady states and their feasible conditions under the
anonymous matching and acquaintance matching respectively, as well as the dynamic
analysis. Our main results shows that the regime change from acquaintance matching
to anonymous matching will cause the rampancy of corruption, if the supervision
effort level of the government regarding the corruption behavior of accepting bribes
is small. Further, we investigate the effectiveness of anti-corruption policy and show
that to turn around a high level of corruption, the level of supervision effort has
to reach some minimum level. In addition, the effectiveness of the anti-corruption
policy is not monotonic with respect to the level of supervision effort. As there are
two types of corruption behavior of civil servants: accepting bribes and dereliction of
duty, anti-corruption should work along both lines.

There are several related strands of literature. The first is on individual reputation.
Holmstrom (1999) investigates the dynamic incentive problem — the agent has the
strongest incentive to work hard to reveal her managerial ability. As time goes by,
her ability is learned, and thus the reputation effect on incentive also decreases. Kreps
and Wilson (1982), Milgrom and Roberts (1982), Fudenberg and Levine (1989), Ely,
Fudenberg and Levine (2008), and many others investigate the settings of a single
long-run player and a sequence of short-run opponents — the long-run player tries to
commit to some type to achieve highest possible utility. Horner (2002) introduces
competition to keep high efforts sustainable.

The second is on statistical discrimination. Because agents cannot perfectly signal
their characteristics, the multiplicity of equilibria becomes possible as the possibility
of a differential treatment of agents based on some observable characteristics. Cornell
and Welch (1996) develop a model on “screening discrimination” merely based on
“unfamiliarity,” which makes it more difficult to make accurate assessments. Fang
(2001) shows that by allowing the firm to give preferential treatment to workers based
on some “cultural activity,” the society can partially overcome the informational free-
riding problem. The critique on the statistical discrimination theory is that it is a
static theory, which does not say much about reputation formation and its persistence.

For the dynamic reputation model, Diamond (1989) constructs a model in debt
markets. His key point is that as time goes by, bad type drops out, which drives up
the reputation for the remaining agents.



The rest of the paper is organized as follows. Section 2 describes the stage game
and the state transition of the dynamic game. Section 3 and 4 describe the possible
steady states and their feasible conditions under the anonymous matching and ac-
quaintance matching respectively, as well as the dynamic analysis. Section 5 studies
the regime change from acquaintance matching to anonymous matching and the possi-
ble rampancy of corruption. Section 6 investigates the effectiveness of anti-corruption
policy. Section 7 concludes.

2 The Model

There exist a benevolent government, a group of civil servants, and a population of
private agents. The benevolent government selects and supervises civil servants who
delegate the government to examine and approve some projects of the private agents
by some criterion.

2.1 Stage Game

Time is discrete, indexed by t, and the horizon is infinite. At the beginning of each
period, a number of private agents is selected by the government to get their projects
tested. Each private agent included in the tests will decide to offer a bribe or not to
the civil servant who is assigned to test her project. Then the civil servants will decide
to reject or accept bribes if there are any. If there is no bribe, the civil servants will
decide to implement fair tests or dereliction of duty (intentionally place obstacles)
during the tests. The timing of the stage game for a matched pair civil servant and
private agent in any arbitrary period ¢ is shown in figure 1.

Private agent

Not bribe Bribe

Civil

servant

Dereliction Accep
Civil
servant

Civil
servant

Dereliction Fair Dereliction

Figure 1: Timing of the Stage game

Private agents are short lived. Each generation of short-run private agents plays



only in one period, and is replaced by another generation of short-run private agents in
the next period. Civil servants are long lived with a continuum of mass 1 and common
discount factor § € (0,1), who may be the type of “opportunist” or “bad,” denoted
as type “BG” and “B” respectively. The bad type “B” always accepts bribes and
implements a fair test if there are any bribes and is dereliction of duty (intentionally
place obstacles) during the tests if there is no bribe. The opportunist type “BG”
will weigh the advantage and disadvantage to decide whether to accept bribes or
dereliction of duty during the tests if there is no bribe. Thus, there are two types of
corruption behavior for the civil servants: accepting bribes and dereliction of duty.

Let (a, ) represent the fixed amount of supervision effort level of the gov-
ernment regarding to these two types of corruption behavior in period ¢, where «
and # € [0,1]. That is, if there is a mass of I'; civil servants accepting bribe, then
the probability for each of them to be detected p,; = min{a/T,1}.? Similarly, if
there is a mass of O, civil servants being dereliction of duty during the test, then the
probability for each of them to be detected pg; = min{3/6,,1}.?

At the beginning of period ¢, the expected payoff of each private agent included
in the tests from offering a bribe and not offering a bribe are as follows:

uy = qpalpX]| + (1 — qp¢) [paX]
U] = qa[(1 = pag)pcX — Cl+ (1 = qus)[peX — nC]

where g, is the probability that the civil servant she meets will accept a bribe if there
is any; and gg; is the probability that the civil servant she meets will be dereliction
of duty during the test if there is no bribe.* 1 is the probability of the project being
approved under a fair test. pup is the probability of the project being approved under
an unfair test, in which the civil servant is dereliction of duty. X is benefit from an
approved project. C'is the cost of bribe. n € (0,1) is the share of loss on a bribe if
it is rejected. If the project is rejected, the benefit is normalized to zero.

The private agent will not offer a bribe at the beginning of period ¢ if u? > u?l.
That is,

NC + Gay[(1 — 0)C + pasiaX] > qpl(pe — ps)X] (1)

For the long-lived civil servants, we need to consider the continuation payoff,
beyond the stage payoff. In period t, if there is a bribe, the payoff of the “opportunist”

2In this case, both the briber and bribee will get punished. The bribe will be confiscated; the
civil servant will be removed from the office, and the project from the briber will be disqualified.

3In this case, the civil servant will be removed from the office, but the private agent will not be
compensated for the unfair test.

4{%,15, gp:} represents the group reputation of the civil servants in period ¢, which is the belief
of the private agents on the two types of corruption behavior of the civil servants: accepting bribes
and dereliction of duty.



type “BG” civil servant from rejecting it and accepting it are as follows:

VE=Y +0\Vi
VA = (1= pat)[(Y + C) + 0AVii]

where Y is the wage of the civil servant in each period and V;,; is the continuation
payoff in period t + 1. The stage game for the matched pair of private agents and
“BG” type civil servants are as described in the top panel of figure 2.
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Figure 2: Stage Game with “BG” Type Civil Servant

It is easy to see that the “opportunist” type “BG” civil servant will always imple-
ment fair tests no matter the private agent offers bribes or not. The logic behind is
that even though the “opportunist” type “BG” civil servants may accept bribes, they
are still not so “bad” as the bad type “B” civil servants are. They are not willing
to harm others while not benefit themselves. Thus, the stage game with a “BG”
type civil servants can be reduced and described as the bottom panel of figure 2.
Clearly, we have ¢, > qs; as the “opportunist” type “BG” civil servant will always



implement fair tests. Further, we assume (1 — a)ugX — upX > C.5
The “opportunist” type “BG” civil servant will reject a bribe, if there is any, at
period t if V;® > V4. That is,

pa,t[y + 5/\‘/t+1] 2 (]- - poc,t)c (2>

Since the bad type “B” always accepts bribes and implements a fair test if there
are any bribes and is dereliction of duty (intentionally place obstacles) during the
tests if there is no bribe. The stage payoffs for the matched pair of private agents
and “B” type civil servants are as described in figure 3.

Private agent

Not bribe
Civil Civil
servant servant
Dereliction
ﬂBX (l_pg,,f)/-l(;x -C
(= p, )Y +54V,,) A= p Y +C)+6V, ]

Figure 3: Stage Game with “B” Type Civil Servant

Finally, denote f; as the fractions of “B” type of civil servants in period ¢t. The
remaining 1 — f; will be the fractions of “BG” type of civil servants in period ¢. Then
{fi,1— f;} represents the state of the economy in period ¢. The civil servants alive in
date ¢ remain in the economy in date ¢ 4+ 1 with probability A € (0,1). Assume that
each quit is offset by the arrival of a new civil servant selected by the government
from a pool of candidates with proportion of the two types “B” and “BG”: (f,1— f).
So the size of the civil servants remains constant mass of 1. Further, at the beginning
of each period, each civil servant will be assigned exactly one test. That is, all the
civil servants will be involved in some test. In each period the mass of private agents
chosen by the government to get their projects tested is equal to the mass of the civil
servants, which is equal to one.

2.2 Dynamic Game: State Transition

Now, we need to characterize the evolution of proportions of the two types of civil
servants as time goes by. In period ¢t + 1, the transition of the state of the economy is

>Otherwise, from inequality 1, the gain from ”bribing” is definitely less than or equal to the cost
and therefore the private agents will for sure not have incentive to offer a bribe.



described in the following three cases, depending on the actions chosen by the private
agents and the “opportunist” type “BG” civil servants in period t. For simplicity,
consider the symmetric equilibrium: either only the “bad” type “B” civil servant will
accept bribes or both the “bad” type “B” civil servant and the “opportunist” type
“BG” civil servant will accept bribes if there are any. That is to say, either ¢, = f;
or go; = 1. Further, since only the “bad” type “B” civil servant will be dereliction of
duty during the tests if there is no bribe, gz; = f;.

Case 1: private agents NOT offering bribes in period ¢

. B/ft it 8 < fi
Pot=1  itg>f

The state of transition is as follows.
fir1 =M1 —pg) fi + (L= X) + Apgfil f

[ M= ABH(L=A+AB)f B < (3)
L A= AFAR)S if 3> f,

Case 2: private agents offering bribes and the “opportunist” type “BG” civil
servants rejecting the bribes in period ¢

_Joa/fy fa<fi
Pt =0 1 ifa>f

The state of transition is as follows.

Jer1 = ML = pae) fe + (1 = X) + Aparfi] f
Mi—=da+ (1 =X+ Xa)f ifa<f (4)
(L=A+Afo)f if a > f,

Case 3: private agents offering bribes and the “opportunist” type “BG” civil
servants accepting the bribes in period ¢

Pat =

The state of transition is as follows.

Jer1 = ML = pag) fr + [(1 = X) + Apay) f
=M1 —a)fi +[(1=A) + Aalf

3 Anonymous Matching

Suppose now private agents do not know the true type of the civil servants they are
matched with. Before moving to the dynamic analysis, let us first identify the possible
steady states and their feasible conditions.



Low Corruption Steady State I (LCSS-I) The first steady state is Low Cor-
ruption Steady State I (LCSS-I), in which the private agents do not offer bribes and
an “opportunist” type “BG” civil servant would reject a bribe if there were any. By
equation 3, we can derive the proportion of “bad” type “B” civil servant at LCSS-I,
denoted as f7.

/ :{ (1*>\)f11):\5(1*f) if 3 <i
T itg>f

where i = %

Low Corruption Steady State II (LCSS-II) The second steady state is Low
Corruption Steady State IT (LCSS-1I), in which the private agents do not offer bribes
and an “opportunist” type “BG” civil servant would accept a bribe if there were any.
As there is no bribe from the private agents, the proportion of “bad” type “B” civil
servant at LCSS-II is same as the proportion in the LCSS-I.

Low Corruption Steady State III (LCSS-III) The third steady state is Low
Corruption Steady State III (LCSS-III), in which the private agents offer bribes and
the “opportunist” type “BG” civil servants reject bribes if there are any. By equation
4, we can derive the proportion of “bad” type “B” civil servant at LCSS-III, denoted

as frrr.

Q=Nf-ra(=f)
fIII: = 1f&<i
f ita>f

High Corruption Steady State (HCSS) The last possible steady state is High
Corruption Steady State (HCSS), in which the private agents offer bribes and the
“opportunist” type “BG” civil servants accept bribes if there are any. By equation
5, we can derive the proportion of “bad” type “B” civil servant at HCSS, denoted as

fu.
Je=17f

Figure 4 illustrates the proportion of “bad” type “B” civil servant at these four
steady states as functions of «, given the value of #. Similarly, we may draw the
proportion of “bad” type “B” civil servant at these four steady states as functions of

B.

The following lemma shows the feasible conditions of the four steady states above.

10
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Figure 4: The Proportion of “Bad” Type “B” Civil Servant at the Steady States

Lemma 1 LCSS-I is feasible if o > ayp;
LCSS-11 is feasible if ap; > a > gy,
LCSS-III is feasible if o > o > agy;
HCSS s feasible if a < aupy;

where
A=Nf=2601=f) —up)X—(1-n)Cl—nC
- =2 (7 ;B> (1-n)Cl—n 1 ifB<f
" pa M om—n
fl(pe—pp)X ~(1-n)C]-nC 1 '
>
max G X " oy ¥h=1
L 1
A= v
L+ eay
B el LT Y
orr = neX r
flug—pp)X-C ifB>f
peX -

fllue —pp)X — (1 —n)Cl —nC
neX + 250 (ue — pp) X — (1= n)C)

B .{fmG—uB)X—c 1 }
g = min

’ Y

arrr =

Proof. See the Appendix. m
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Figure 5 sketches out the state space partition when L#e—uslX=C L
raX 1+m
Figure 6 sketches out the state space partition when Hug—n ‘?X_C > L There
HnG 1+m
1 a
Figure 5: The State Space Partition: f(“G;gb;()Xfc < 1+c<11{(m

are some more minor variations of the state space partitions depending on the values
of parameters. But the basic shapes are described as in figure 5 and 6. Generally
speaking, if the supervision effort level of the government regarding the corruption
behavior of accepting bribes « is high, LCSS-I is feasible; if « is low, LCSS-H is
feasible; if « is in the middle, LCSS-II and LCSS-IIT maybe feasible.

3.1 Dynamic Analysis

In this section, we analyze the dynamical situation if the economy in period ¢ is at
some arbitrary state: {f;, 1 — f;}.

Lemma 2 Suppose in period t the economy is at some state: {fi, 1 — fi}. There are
two scenarios for the transition of state from period t to t + 1.

(i) If « > @q7, a civil servant will reject a bribe if there is any at period t. In
particular, if fi < mq, a private agent will not offer a bribe at the beginning of period

12
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Figure 6: The State Space Partition: X ——

t. The transition of the state of the economy from period t to period t + 1 follows
equations 3. If f, > my, a private agent will offer a bribe at the beginning of period
t. The transition of the state of the economy from period t to period t + 1 follows
equations 4.

(ii) If « < @p7, a civil servant will accept a bribe if there is any. In particular,
if fr < ma, a private agent will not offer a bribe at the beginning of period t. The
transition of the state of the economy from period t to period t + 1 follows equations
3. If fy > mo, a private agent will offer a bribe at the beginning of period t. The
transition of the state of the economy from period t to period t + 1 follows equations
5.

S— X
Here, o = ! et oG

X
my = _ CHapg

(ia—np)X—1-mC’ M2 = Tug—pp)X -

—_ v
Heasy

Proof. See the Appendix. m

After discussing the transition of the state in period ¢+ 1, the natural extension is
to characterize the long run properties, that is, whether the economy can converge to
some steady state. The following lemma shows that when « is large, f; will converge
to fr or frrr, or oscillate around mq; when « is small, f; will converge to fy or fr, or
oscillate around ms.

13



Lemma 3 Suppose in period t the economy is at some state: {fi, 1 — fi}. There are
two scenarios for the transition of state in the long run.

(i) If « > @y, fi will converge to fr or fryr, or oscillate around my. In particular,
if a« > ay, fi will converge to f;. If o > o > agg, fi will converge to frrr. If
ay > a > max{ag, agr}, fi will oscillate around my .

(ii) If « < gy, fi will converge to fy or fr, or oscillate around my. In particular,
if @ < min{agr, ap}, fi will converge to fy. If max{a;,ag} < « < agg, fi will
converge to fr. If aj; < a < ay, there are two subcases: if fi > mq, it will converge
to fu; if fi < ma, it will converge to fr. If ag < a < min{ayy, agr}, fi will oscillate
around ms.

Proof. See the Appendix. m

4 Acquaintance Matching

As a benchmark, consider the acquaintance matching, in which private agents know
the true type of the civil servants they are matched with.% If the civil servant is a
“BG” type, from figure 2, the best response for the private agent is to “not bribe,”
as a “BG” type civil servant will always implement a fair test. In this case, the “BG”
type civil servants are passive and there is no loss of bribe.

If the civil servant is a “B” type, from figure 3, ¢o+ = ¢g+ = 1. From inequality 1,
the private agent will not “bribe” whenever

C+ paipcX > (e — pp)X (6)

where p,: = min{a/ f;, 1}.

The state of transition follows equation 3 if private agents do not bribe, and
equation 4 if private agents bribe. Similar to the analysis for the case of anonymous
matching, we have two possible steady states and their feasible conditions as follows.

Low Corruption Steady State I’ (LCSS-I’) The first steady state is Low Cor-
ruption Steady State I’ (LCSS-I’), in which the private agents do not offer bribes. By
equation 3, we can derive the proportion of “bad” type “B” civil servant at LCSS-T’,
which is same as the proportion in the LCSS-I, f;.

Low Corruption Steady State III’ (LCSS-IIT’) The second steady state is Low
Corruption Steady State III’ (LCSS-III"), in which the private agents offer bribes. By

6Still, the government does not know the true type of the civil servants.

14



equation 4, we can derive the proportion of “bad” type “B” civil servant at LCSS-III,
which is same as the proportion in the LCSS-III, f;;7.”

The following lemma shows the feasible conditions of the two steady states above.

Lemma 4 LCSS-I’ is feasible if o > of};
LCSS-IIT is feasible if o < aqqy’;

where
A=Nf=AB(1—f)
S (pe—pB)X-C] .
O/I: Fl( i )‘)XMCC;'{;G - Zf6<i
{lno—ne)x=C] F6> 1
/ f[(:UG - MB)X - C]
arir =

noX + 50 (ue - pp) X - €]
Proof. See the Appendix. m
Figure 7 sketches out the state space partition. Generally speaking, if the super-

p

1

=~ '
| a[][ al

0 f 1 «a

Figure 7: The State Space Partition: Acquaintance Matching

vision effort level of the government regarding the corruption behavior of accepting
bribes « is high, LCSS-I” is feasible; if « is low, LCSS-IIT" is feasible.

"Note, there are no LCSS-II and HCSS as in the anonymous matching case.
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4.1 Dynamic Analysis

In this section, we analyze the dynamical situation if the economy in period ¢ is at
some arbitrary state: {f;, 1 — f}.

Lemma 5 Suppose in period t the economy is at some state: {fi,1— f;}. In particu-
lar, if fi < m), a private agent will not offer a bribe at the beginning of period t. The
transition of the state of the economy from period t to period t + 1 follows equations
3. If fy > m), a private agent will offer a bribe at the beginning of period t. The
transition of the state of the economy from period t to period t + 1 follows equations

X
. Here, m)y = ——2#eX .
4. Here, miy = gom ke

Proof. See the Appendix. m

After discussing the transition of the state in period ¢ + 1, the natural extension
is to characterize the long run properties, that is, whether the economy can converge
to some steady state. The following lemma shows that f; will converge to f; or fi;s,
or oscillate around m/.

Lemma 6 Suppose in period t the economy is at some state: {f;, 1 — fi}. fi will
converge to fr or frrr, or oscillate around m'. In particular, if « > of, f; will
converge to fr. If o < agrr’, fr will converge to frp. If o > o > agrf’, fi will
oscillate around m/.

Proof. See the Appendix. m

5 Acquaintance Matching to Anonymous Match-
ing — the Rampancy of Corruption

Consider the regime change from acquaintance matching to anonymous matching. As
in Tonnies (2001), the transition from community to civil society may change the way
of interaction among the individuals. In particular, originally private agents know the
true type of the civil servants they are matched with. Now with the enlarged group,
the true type of the civil servants may not be known anymore and thus private agents
will decide whether or not to offer a bribe according to the current group reputation
of the civil servants.

The following proposition shows the regime change from acquaintance matching
to anonymous matching will cause the rampancy of corruption, if the supervision
effort level of the government regarding the corruption behavior of accepting bribes
« is small.
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Proposition 1 Suppose there is a regime change from acquaintance matching to
anonymous matching at the beginning of period t. If o < min{ay;, ay}, fi will
converge to fg.

Intuitively, under the acquaintance matching, by lemma 6, f; will converge to f; or
frrr, or oscillate around m/. If there is a regime change from acquaintance matching
to anonymous matching at the beginning of period ¢, by lemma 3, f; will converge to
fm, if @ < min{ayy, ag}. Therefore, there will be a rampancy of corruption.

6 Anti-Corruption

In this section, assume that the economy currently suffers from a high level of cor-
ruption. The government introduces a permanent anti-corruption policy, i.e., perma-
nently adjusting the level of supervision effort from {«, 8} to {a*, 5*}, aiming to lead
to a low level of corruption.

The following proposition shows that to turn around a high level of corruption, a*
has to reach some minimum level, which is a decreasing function of 5*. In addition, the
effectiveness of the anti-corruption policy is not monotonic with respect to {a*, 5*}.
In particular, as a* reaches the minimum threshold, we could end up with some lower
level of corruption, which is a decreasing function of 5*. But further increasing of o
may not help till to some point that the level of corruption is a decreasing function of
a*. Then, if o* increases even further, the level of corruption could be even higher.
Finally, if a* is large enough, it is no use to increase o and the level of corruption
depends on g*. In this sense, anti-corruption should work along both lines: not only
does the government have to increase the supervision effort on detecting the bribery
behavior («), but also it needs to consider the the supervision effort on detecting the
behavior of dereliction of duty (intentionally place obstacles) during the test (3).

Proposition 2 Suppose in period t the economy is at some state: {f;,1— f;}, where
fi = fg or in the vicinity of some high level of corruption, say mo from lemma
3. The government introduces a permanent anti-corruption policy, i.e., permanently
adjusting the level of supervision effort from {«, f} to {a*, *} starting from period
t.

(i) To turn around the high level of corruption, o* > max{ay, min{ao;r, ar}},
which is a decreasing function of B*.

(it) The effectiveness of the anti-corruption policy is not monotonic with respect
to {a*, *}. In particular, we have the following scenarios.

(ii.1) If max{o;r, ag} < o* <ajgg, f; will converge to fr, which is a decreasing
function of B*.
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(ii.11) If arr > o > @gp, fi will converge to fr1;, which is a decreasing function
of a*. In this case, B* is irrelevant.

(ii.iv) If o > «y, f; will converge to fr, which is a decreasing function of B*.
In this case, increasing o* further does not help.

Intuitively, by lemma 2 and 3, if max{a;;,ay} < o < @jy, fi will converge to
fr;y if aqr > o > agg, fi will converge to frrr; if ay > o > max{a,ar}, fi
will oscillate around my; if o* > «ay, f; will converge to f;. Further, the following
corollary says that there is no one time anti-corruption policy to lead to a low level
of corruption permanently.

Corollary 1 There is no one time anti-corruption policy to effectively turn around
the high level of corruption.

Intuitively, if @ < max{ay, min{a;r,@77}}, one time anti-corruption will only
have temporary effect. Once the supervision effort back to its original level, the level
of corruption will converge back to fgy or oscillate around msy from lemma 3.

Moreover, from proposition 2, it is easy to see that it is no use to set the supervision
effort greater than some upper limit.

Corollary 2 o* < aj and §* < i

7 Conclusion

This paper presents a group reputation model of corruption. Based solely on group
signals, we define a player’s group reputation as the belief that others have about the
characteristics of the player’s group. A player’s individual reputation is derived from
her group reputation by adding individual signals. Then a model of group reputation
of civil servants is constructed to characterize the strategic behavior of potential
bribers and civil servants. We analyze the possible steady states and their feasible
conditions under the anonymous matching and acquaintance matching respectively,
as well as the dynamic analysis.

Then, we show that the regime change from acquaintance matching to anonymous
matching will cause the rampancy of corruption if the supervision effort level of the

80ne time anti-corruption policy means a combination of new level of supervision effort {ay, 3¢}
in period ¢t. And it only lasts one period. After period t, the supervision effort goes back to the
original level. We say a one time anti-corruption policy is effective if after period ¢ the economy
converges to some Low Corruption Steady State (HCSS) fr or fis1, or oscillating around some lower
corruption level, say m; from lemma 3.
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government regarding the corruption behavior of accepting bribes « is small. This
capture the idea that the transition from community to civil society may change the
way of interaction among the individuals as in T6nnies (2001).

Finally, we investigate the effectiveness of anti-corruption policy. We show that
to turn around a high level of corruption, the level of supervision effort {«, 3} has
to reach some minimum level. In addition, the effectiveness of the anti-corruption
policy is not monotonic with respect to {«, 5}. Anti-corruption should work along
both lines: not only does the government have to increase the supervision effort on
detecting the bribery behavior («/), but also it needs to consider the the supervision
effort on detecting the behavior of dereliction of duty (intentionally place obstacles)
during the test (5).

Appendix
Proof of Lemma 1

Feasible Conditions of LCSS-1:

At LCSS-1, the private agents do not offer bribes and an “opportunist” type “BG” civil
servant would reject a bribe if there were any. By equation 3, we can derive the proportion
of “bad” type “B” civil servant at LCSS-I, denoted as fj.

£ = { (1—/\)f1:>:\/3(1—f) if B < i
f ifg>f

where f = (i::\\}f.

Suppose the economy is currently at LCSS-I in period ¢. Backward induction, consider
the opportunist type “BG” civil servant’s problem: reject or accept bribes if there are any.
Back to inequality 2, to induce an “opportunist” type “BG” civil servant rejects a bribe if
there is any, the following condition must hold.

pa,t[Y + 5AV2+1] 2 (1 - pa,t)C

which implies that

C
>
Pat = 5\ + © (7)

Consider the symmetric equilibrium, either all “opportunist” type “BG” civil servants
reject bribes if there are any or all accepts. If all rejects, the payoff for the “opportunist”
type “BG” civil servant, denoted as V7, is

1

VL:Y+(5)\VL:>VL:1_5A

Y
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Similarly, if all accepts, po,; = o and we have

(1-a)

Vie=1—-a)[(Y+C)+\Vy] = Vg = m

Y +0O)

It is easy to see that Vi11 is bounded below by V. If a < % =ag, Vg > Vi. If

e
a > agg, we end up with V7. In this case, Vg does not exist.
Suppose currently all “opportunist” type “BG” civil servants reject bribes if there are
any. Let us check if there is incentive to deviate to all accepting, in which p,; = . Back
to inequality 7, to induce an “opportunist” type “BG” civil servant accepts a bribe if there

is any,
< C _ C _ C
DPat Y—}—(S)\V;‘/Jrl"FC Y +6\Vg +C Y+5A%(Y+C)+C
which implies o < L —ar.
l+m

To the opposite, suppose currently all “opportunist” type “BG” civil servant accept
bribes if there are any. Let us check if there is incentive to deviate to all rejecting. Obviously,
as long as Vi > Vi, in which o < @j7, there is no way for them to deviate. Thus, there
are two scenarios: (i) if a > @jy, all “opportunist” type “BG” civil servants reject bribes
if there are any; (ii) if o < ag7, all “opportunist” type “BG” civil servants accept bribes if
there are any. Therefore, at LCSS-I, an “opportunist” type “BG” civil servant would reject

1

a bribe if there were any, which requires a > aj7 = ———.
It+ea=sn

Back to the private agent’s problem at the beginning of period t, f; = f;.

qa,t:fl
Q,B,t:fl

oa/fr fa<fi
Pat =171 if a > f

Back to inequality 1, to induce a private agent not to offer a bribe

nC + frl(1 = )C + pagpcX] = fil(pe — pp)X] (8)

We have the following subcases.

(i) 3> fand a > fr:
If 3> f, fr = f. Further, if o > f; = f, pa,s = 1. The condition in (8) becomes

nC + fl(1 =n)C + peX] > fl(ue — ps)X]

which always holds.
(ii) 8 < f and o > fr:
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Epg<f fi= % Further, if « > f; = %, Pat = 1. The
condition in (8) becomes

nC + frl(1 —n)C + peX] > fil(pe — np)X|

which always holds.
(iii) 3> f and a < f7:
If 8> f, fr = f. Fuarther, if o < f; = f, pay = o/ f1 = a/f. The condition in (8)

becomes

nC + fl(1—n)C + %MGXJ > fl(pe — pp)X]

Thus, we have

nC + apgX
(he — pp)X — (1 =n)C

which implies o > ﬁ(“G*“B)f;)(;*W)C]*nC.

(iv) < f and a < fr:

Ifg<f, fr= % Further, if a < f; = %, Pat = o/ fr. The
condition in (8) becomes

f<

:ml

nC + f1l(1 - n)C + %mX] > fil(ue — pp) X]

Thus, we have

nC + apgX
(ha —pB)X — (1 —n)C

> Jillpe=pp)X=(1=1)Cl=nC
= neX ’

1 < =my

which implies «

Note that when 8 = f, % = f. Combining these four subcases, we have
the feasible conditions of LCSS-T as follows.

A=NF=NA=D) (46— ) X —(1—1)C]—nC
- pe—pp)X—(1-1)Cl-n 1 .
> e HeX "+ ooy Hp<ft
a>ar =
— X—(1—n)C]—nC .
max ﬁ(HG K“B) (1-n) ] n 1Y lf,B > f
HeX ey =

Note that @77 < oy for any 5.
Feasible Conditions of LCSS-11:

At LCSS-II, the private agents do not offer bribes and an “opportunist” type “BG” civil
servant would accept a bribe if there were any. As there is no bribe from the private agents,
the proportion of “bad” type “B” civil servant at LCSS-II is same as the proportion in the
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LCSS-1. Same logic as in the previous proof, at LCSS-II, an “opportunist” type “BG” civil
1

servant would accept a bribe if there were any, which requires o < a7y = FE——
C(1-oN)

Back to the private agent’s problem at the beginning of period ¢, f; = f1.%

qo,t = 1
q8,t = Ir
Pat = &

Back to inequality 1, to induce a private agent not to offer a bribe

nC+[(1=n)C+ apcX] = fil(pe — pp)X] (9)
We have the following subcases.

(i) B> f:
If 3> f, fr = f. The condition in (9) becomes

nC + (1 —=n)C + apcX] > fl(ng — pp)X]

Thus, we have

C+ apugX

R D

:m2

flug—pp)X-C

which implies o > X

(ii) B < f:
E3<f, fr= % The condition in (9) becomes

nC +[(1 =n)C + aucX] > fil(ne — np)X]
Thus, we have

C+augX

IS Gie = im)x

(1—)\)f—)\)\ﬁ(1—f) (HG*/—LB)X*C

neX
Note that when 8 = f, % = f. Combining these two subcases, we have the
feasible conditions of LCSS-II as follows.

which implies o >

7(1_>\)f1:)f(1_f)(HG*/JIB)X*C i
neX if B <i
f(pg—pB)X—-C

L+ C(1-6N) B T aex if 5 > i

9Here, again consider the symmetric equilibrium, either all private agents offer bribes or all not.
If all private agents offer bribes, p,,: = o, given “opportunist” type “BG” civil servant would accept
a bribe if there were any.
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Note that aj; < aj for any 5.
Feasible Conditions of LCSS-I111:

At LCSS-III, the private agents offer bribes and an “opportunist” type “BG” civil
servant would reject a bribe if there were any. By equation 4, we can derive the proportion
of “bad” type “B” civil servant at LCSS-III, denoted as fr;.

1=\ f=Aa(l—f) -
frir = : )1_’\( : ifa</
f ifa>f

Same logic as in the previous proof, at LCSS-III, an “opportunist” type “BG” civil servant
would reject a bribe if there were any, which requires o > aj7 =

1*0(17(»)

Back to the private agent’s problem at the beginning of period ¢, f; = fr77.*°

Qo = fr11
qp,¢ = fr11
| offrr fa< frr
Pat = .
1 if o> frrr

Back to inequality 1, to induce a private agent to offer a bribe

nC + frir[(1 = n)C 4 paicX] < frirl(pa — ) X] (10)

We have the following subcases.

(i) a > f:
If o> f, frrir = f < a and pa¢ = 1. The condition in (10) becomes

nC + fl(1 =n)C + peX] < fl(ue — pp)X]
which does not hold.
(ii) a < f:

Ifa</f, fir= % > « and pa+ = o/ frrr. The condition in (10) becomes

nC + frrr[(1 —n)C + fiMGX] < frrl(pe — pB)X|
II7

Thus, we have

fur > nC + apgX "
111 =my
(g —pB)X — (1 =n)C
flpe—pp)X—(1-n)C]-nC
pe X+ 2D (i —pp) X —(1-n)C]

which implies o < =ojjJ-

10Here, again consider the symmetric equilibrium, either all private agents offer bribes or all not.
If all private agents offer bribes, po = min{a/ frrr, 1}, given “opportunist” type “BG” civil servant
would reject a bribe if there were any.
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Combining these two subcases, we have the feasible conditions of LCSS-III as follows.

— )X — (1 —n)C] —nC !
flpe — pp) (1=mCl—n =g > a>ag = Y

neX + 50 (e — pp) X — (1 - n)C] L+ omm

Note that a7 < f and ay;; < af for any §.
Feasible Conditions of HCSS:

At HCSS, the private agents offer bribes and an “opportunist” type “BG” civil servant
accepts bribes if there are any. By equation 5, we can derive the proportion of “bad” type
“B” civil servant at HCSS, denoted as f.

fa=f

Same logic as in the previous proof, at HCSS, an “opportunist” type “BG” civil servant

would accept a bribe if there were any, which requires o < a7 = [——
C(a—oN)

Back to the private agent’s problem at the beginning of period ¢, f; = fp.

ot = 1
q8,t = Ju
Pat =&

Back to inequality 1, to induce a private agent to offer a bribe

nC +[(1 =n)C + aucX] < ful(pc — pp)X] (11)
Thus, we have

C+apcX

In> e =X

These imply that if o < oy = min { LHe=HBIX=C 1o , HCSS is feasible. Note
naX I+ sy

that ag <aj;. =

Proof of Lemma 2

Suppose in period ¢ the economy is at some state: {f;,1— f;}. Backward induction, consider
the opportunist type “BG” civil servant’s problem: reject or accept bribes if there are
any. Same logic as in the proof of lemma 1, there are two scenarios: (i) if a > agy7, all
“opportunist” type “BG” civil servants reject bribes if there are any; (ii) if o < agp, all
“opportunist” type “BG” civil servants accept bribes if there are any.

(i) a > agr
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Back to the private agent’s problem at the beginning of period ¢,

qa,t = ft
qs,t = ft

. O[/ft if o < ft
Pet =91 " ifa>f

Back to inequality 1, to induce a private agent not to offer a bribe
nC + fil(1 = n)C + paspcX] = fil(ne — pB)X]

If o« > fi, pa,s = 1. The condition above becomes

nC + fill(1 =n)C + peX] = fil(pa — pp)X]
which always holds.

If & < fi, pat = &/ ft. The condition above becomes

nC + fil(1 - n)C + %MGX] > fillne — np)X]

which implies
nC + apgX
(ha —pB)X — (1 =n)C

Note, m; > «. Combining the two cases above, if f; < mq, a private agent will not offer
a bribe at the beginning of period t. The transition of the state of the economy from period
t to period t + 1 follows equations 3. Instead, if f; > mq, a private agent will offer a bribe
at the beginning of period t. The transition of the state of the economy from period ¢ to
period t + 1 follows equations 4.

ftS = mi

(i) o <arr

Back to the private agent’s problem at the beginning of period t,

ot = 1
gt = It
Pat = &

Back to inequality 1, to induce a private agent not to offer a bribe

nC +[(1 —n)C + apcX] > fil(he — pp)X]
which implies

C+apugX
S T =

(he — pB)X
If fi < mg, a private agent will not offer a bribe at the beginning of period ¢t. The
transition of the state of the economy from period ¢ to period ¢ + 1 follows equations 3. If
ft > mo, a private agent will offer a bribe at the beginning of period ¢. The transition of

the state of the economy from period t to period t 4 1 follows equations 5. Note, mo > my.
|

25



Proof of Lemma 3

Following lemma 1 and 2, there are two scenarios for the transition of state in the long run.
(i) a >ag7

In this case, all “opportunist” type “BG” civil servants reject bribes if there are any.
Further, if f; < mq, a private agent will not offer a bribe at the beginning of period ¢. The
transition of the state of the economy from period ¢ to period ¢ + 1 follows equations 3.

frer =AML = pga) fr +[(1 = A) + Apg o fil f
:{)\ft—)\ﬂ—i-(l—)\—l—)\ﬁ)f if < fi
(I=X+Afo)f it 8> f

Since both A and Af are less than 1, fiiq < fyif fr > fr; fie1 > feif fr < fr; fro1 = fr = f1
if fy = fr. Thus, f; will monotonically converge to f7, if LCSS-I is feasible.

If f; > m1, a private agent will offer a bribe at the beginning of period ¢. The transition
of the state of the economy from period ¢ to period ¢ + 1 follows equations 4.

fie1 = A1 = pae) fr + (1= X) + Apafil f
_{ Mi—Aa+ (1—A+ra)f fa<f
Sl A=A+ A)S if a > f,

Since both A and Af are less than 1, fi1 < fr if fr > frir; frer > fi if ft < frin
fie1 = fo = frir if fo = frrr. Thus, f; will monotonically converge to frrr, if LCSS-IIT is
feasible.

Back to lemma 1, LCSS-I is feasible if o« > ay; LCSS-III is feasible if a7 > o > agyp;
and a7 < aj. Therefore, we have three disjoint areas: if a > aj, only LCSS-I is feasible
and f; will converge to fr; if ayrr > a > agr, only LCSS-III is feasible and f; will converge
to frrr; if ar > o > max{agr, @777}, both LCSS-I and LCSS-IIT are not feasible and f; will
oscillate around my.

(i) e <arr

In this case, all “opportunist” type “BG” civil servants accept bribes if there are any.
Further, if f; < mg, a private agent will not offer a bribe at the beginning of period t. The
transition of the state of the economy from period ¢ to period ¢t 4+ 1 follows equations 3.
Same argument, since both A and Af are less than 1, fir1 < fi if fr > fr; fie1 > fi if
fe < fr; fix1 = fr = frif fr = fr. Thus, f; will monotonically converge to fr, if LCSS-II is
feasible.

If f; > mo, a private agent will offer a bribe at the beginning of period ¢. The transition
of the state of the economy from period ¢ to period t + 1 follows equations 5.

fre1 = AL = pa) fr +[(1 = X) + Apai] f
=A1-a)fi +[(1=A) + Aalf

Since A\(1 — «) is less than 1, fip1 < fe if fi > fu; fivr > feif fr < fu; fior = fo = fu if
ft = fu. Thus, f; will monotonically converge to fr, if HCSS is feasible.
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Back to lemma 1, LCSS-II is feasible if ;7 > o > ayr; HCSS is feasible if o < ap;
and ay < ag7. Therefore, if & < min{a;;, oy}, only HCSS is feasible and f; will converge
to fr. If max{asr,ag} < a < ajr, only LCSS-II is feasible and f; will converge to fr. If
arr < a < ag, both HCSS and LCSS-II are feasible. There are two subcases: if f; > mo,
it will converge to fg; if fi < mg, it will converge to f7. If ag < o < min{ays, @7}, both
HCSS and LCSS-II are not feasible and f; will oscillate around ms. =

Proof of Lemma 4

Feasible Conditions of LCSS-1’:

At LCSS-I’, the private agents do not offer bribes. By equation 3, we can derive the
proportion of “bad” type “B” civil servant at LCSS-I’, which is same as the proportion in
the LCSS-1, f7.

b= (1*>\)f1:):\5(1*f) if B < i
f ifg>f

Back to inequality 6, to induce a private agent not to offer a bribe, the following condition
must hold.

C + paipcX > (pag — pp)X (12)

where p,+ = min{a/ fr, 1}.
At LCSS-T’,

1 if a> fr

pa,t:{ affr ifa<fr

We have the following subcases.
(i) 8> fand a > fr:
If 3> f, fr = f. Further, if a > fi = f, pa,s = 1. The condition in (12) becomes
C+pcX > (pe — p)X
wich always holds.
(ii) < f and a > fr:

Epg<f fi= % Further, if « > f; = %, Pat = 1. The
condition in (12) becomes

C+pcX > (pe — p)X
which always holds.

(iii) 3> f and a < f7:
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If 8> f, fr = f. Further, if o < fr = f, pa;y = @/ fr = a/f. The condition in (12)
becomes

o
C+ ?MGX > (pe — pB)X
Thus, we have
< apaX

(e —pB)X —C

A . flpe—pB)X—C]
which implies o > X

(iv) < fand a < fr:
Ifg<f fr= % Further, if a < f; = %, Pat = o/ fr. The
two conditions in (12) become

(6%
C+ ?MGX > (e — p)X

Thus, we have

apgX
(b —pB)X = C

EAUE O (ug—pp) X ~C]
naX :

Note that when g = f, % = f. Combining these four subcases, we have

the feasible conditions of LCSS-I’ as follows.

f1 <

which implies o >

(1*A>f1*_/\)\6(1*f) (pa—pp)X—C]

e ifp<f
— X-C .
I[(:U'G M/»;g() } lf B Z i

azo/lz

Feasible Conditions of LCSS-111’:

At LCSS-IIT, the private agents offer bribes. By equation 4, we can derive the proportion
of “bad” type “B” civil servant at LCSS-III’, which is same as the proportion in the LCSS-
UL, fror-

1-N)f—da(1— .
frir = w ifa</f
f ifa>f

Back to inequality 6, to induce a private agent to offer a bribe, the following condition
must hold.

C + papcX < (pag — pp)X (13)

where po; = min{a/ f, 1}.
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At LCSS-IIT,

_Joo/fur o< fig
Past 1 ita> frr

We have the following subcases.
(i) a > f:
If o> f, frrir = f < a and pa = 1. The condition in (13) becomes

[0
C+ ?MG‘X < (g — pB)X

which does not hold.
(ii) a < f:

fa</f, fir= w > a and pt = o/ frrr. The condition in (13) becomes

o
C+ ——pcX < (pg — uB)X
Jrrr
Thus, we have
apuagX
frir >
(ke —pp)X = C

. . . —_— — X=C
which implies o < @y’ = fx[%—gf) ) :

ne X+ (ue—pnp)X -0

Combining these two subcases, we have the feasible conditions of LCSS-IIT’ as follows.

fllpe —pB)X —C]
peX + 250 (g — pp) X —

o < Oq]], =

Here, a7r7’ < f. Note that azrr’ < o} for any 5. m

Proof of Lemma 5

Suppose in period ¢ the economy is at some state: {f;,1— f;}. For acquaintance matching,
private agents know the true type of the civil servants they are matched with. If the civil
servant is a “BG” type, the best response for the private agent is to “not bribe,” as a
“BG” type civil servant will always implement a fair test. In this case, the “BG” type civil
servants are passive and there is no loss of bribe.

If the civil servant is a “B” type, from figure 3, go+ = gg; = 1. From inequality 1, to
induce a private agent not to offer a bribe

nC +[(1—=n)C + papcX] > [(na — pp)X]

where po; = min{a/ f, 1}.
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If o > fi, pa,s = 1. The condition above becomes
nC +[(L=n)C+ peX] = [(ne — 1) X]

which always holds.

If & < fi, pat = &/ fr. The condition above becomes
«
nC+[(1-n)C+ EMGX] > [(ne — nB)X]

which implies

apuaX
(e —p)X = C

Note, m} > «. Combining the two cases above, if f; < m/, a private agent will not offer a
bribe at the beginning of period t. The transition of the state of the economy from period
t to period t + 1 follows equations 3. Instead, if f; > m/, a private agent will offer a bribe
at the beginning of period t. The transition of the state of the economy from period ¢ to
period t + 1 follows equations 4. m

fi <

:mll

Proof of Lemma 6

Following lemma 5, if f; < m/, a private agent will not offer a bribe at the beginning of
period t. The transition of the state of the economy from period ¢ to period ¢ + 1 follows
equations 3.

fror = A1 =pgo) fr + (1= A) + Apg o fil f
_ { Mi—AB+ (1= A+ AB)f ifB < fi
(I=X+Afo)f it 8> f

Since both A and Af are less than 1, fio1 < fyif fy > fr; fir1 > fiif fo < f1; fier = fr = f1
if fi = fr. Thus, f; will monotonically converge to fr, if LCSS-I is feasible.

If f; > m/, a private agent will offer a bribe at the beginning of period ¢. The transition
of the state of the economy from period ¢ to period t + 1 follows equations 4.

Jir1 = M1 = pae) fr + [(1 = X) + Apaifil f
{)\ft—)\oz+(1—)\+)\a)f if a < fy
L A=A+ A)S if o> f;

Since both A and Af are less than 1, fi1 < fr if fr > frir; frar > fi if ft < frin
fie1 = fr = frrr if fo = frrr. Thus, f; will monotonically converge to frrr, if LCSS-IIT is
feasible.

Back to lemma 4, LCSS-T’ is feasible if a > o/;; LCSS-IIT’ is feasible if o < ayr7’; and
arrr < o, Therefore, we have three disjoint areas: if o > oy, only LCSS-I’ is feasible and
f+ will converge to fr; if a < agr;’, only LCSS-IID is feasible and f; will converge to frrr;
if o; > a > agr7’, both LCSS-T’ and LCSS-IIT” are not feasible and f; will oscillate around
mi. m
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