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Abstract

We analyze bureaucracy and corruption in a market with decentralized exchange and
“lemons.” Exchange is modelled as a sequence of bilateral, random matches. Agents have
private information about the quality of goods they produce and can supplement trade with
socially inefficient bribes. Bureaucracy is modelled as a group of agents similar to private
agents, but who enjoy centralized production and consumption. Transaction patterns be-
tween the bureaucracy and the private sector are fully endogenous. Our main finding is that
centralized production and consumption in the bureaucracy also gives rise to low power in-
centives for the individual bureaucrats. As a result, we find conditions under which private
agents bribe bureaucrats, while they do not bribe each other. An equilibrium with corruption
and an equilibrium without corruption can co-exist. We discuss some welfare implications of
the model.
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1. Introduction

The seminal work of Becker (1968) has stimulated a vast literature that analyzes bureaucracy
and corruption as economic phenomena (see Rose-Ackerman, 1999 for references). This literature
models a bureaucracy as a provider of public goods and/or a rent-seeking organization which
controls some aspects of production, distribution, or inspection of goods and services. In this
paper we abstract from any such advantages that might be exogenously given to a bureaucracy.
We also deviate from the literature in the specification of a bureaucracy as we do not assume
that it is the sole provider of some goods and services.! Instead, we model a bureaucracy as a
group of agents with centralized production and consumption of goods, who have access to the
same technologies as the private sector in the production and monitoring of product quality. We
then ask: (i) can bribery and corruption arise? (ii) given the possibility of corruption, can the
bureaucracy improve social welfare despite its lack of any exogenous advantage?

Our analysis starts with an economy without a bureaucracy. Decentralized exchanges are
modelled as a sequence of bilateral, random matches. There is a large number of infinitely-lived
private agents. Each agent can produce either a high-quality storable good that yields no utility
to himself/herself but positive utility to other agents, or a low-quality storable good that yields
no utility to anyone. As in Akerlof (1971), a lemons problem arises since agents do not always
know the quality of other agents’ goods. Upon meeting a trading partner, an agent recognizes the
quality of his partner’s good with some probability. Agents can choose to supplement the trade
of storable goods with services that cost more to produce than the utility of consuming them. We
call such services bribes. A trade occurs only if the two agents both agree to trade the storable
goods, and if they ask for a bribe that is no higher than what the partner offers. We find that,

under restrictions on the size of the bribe, private agents in the economy without bureaucracy do

! An exogenously imposed interaction between a bureaucracy and the private sector seems to us to be conducive to
corruption. In addition, an exogenous role of a bureaucracy is not always realistic. For example, a bureaucracy may
provide public housing, rationed goods, or product safety certificates, but agents can also obtain close substitutes
for these goods and services in the market. We believe that to understand why corruption may arise within a
benevolent bureaucracy, we need a model in which both the role of the bureaucracy and the trading patterns
between a (possibly corrupt) bureaucracy and the private sector are endogenous.
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not bribe each other.

We then introduce a bureaucracy which produces the same set of goods and services as the
private sector. In contrast to private agents, however, bureaucrats produce the storable goods
collectively, and every bureaucrat consumes the same amount of storable goods in each period. In
order to focus on the bureaucrats’ trading (as opposed to production) decisions, we assume that
the bureaucracy always produces high-quality goods. The bureaucracy instructs its members to
follow the following trading rules: (i) to not accept or give bribes, and (ii) to trade with a private
agent if and only if the bureaucrat can recognize the private agent’s storable good as a high
quality good. However, a bureaucrat can choose to deviate from these trading rules. Corruption
is an exchange between a private agent and a bureaucrat in which the private agent offers, and
the bureaucrat accepts, a bribe. Individual bureaucrats’ decisions on whether to accept bribes
affect social welfare, because bribes involve exchange of socially inefficient services. However,
individual bureaucrats ignore such an effect. In this sense the bureaucracy creates an externality.

The monitoring technology is imperfect. The bureaucracy cannot observe the type of match a
bureaucrat was in or the bribe the bureaucrat might have received; instead, the bureaucracy can
observe, with some probability, the quality of the storable good that each bureaucrat accepts in
exchange. When a bureaucrat is found to hold a low-quality good or no good at all, he is expelled
from the bureaucracy forever. We are interested in whether a bureaucracy will be corrupt and if
so, whether a corrupt bureaucracy can be welfare improving.

The following results emerge from our framework. First, there is an equilibrium in which
bureaucrats accept bribes. Because such bribes are not exchanged between private agents, this
demonstrates that bureaucrats are more susceptible to bribery than private agents. It should be
emphasized that this is so not because the bureaucracy has a monopoly in the goods or services
that it offers but, rather, because production and consumption for bureaucrats are centralized.
Since each bureaucrat bears a small fraction of the production cost and consumption depends little

on the bureaucrat’s own trading outcome, it is tempting for a bureaucrat to accept bribes. Thus,



our main finding is that while the bureaucracy may create a positive externality which cannot
be easily reproduced by the private sector, this same feature makes bureaucrats susceptible to
bribery since the externality gives rise to a low power incentive scheme.

Second, an equilibrium without corruption can co-exist with an equilibrium with corruption.
We find this result interesting for the following reason. It is common to attribute the different
levels of corruption among countries to different monitoring technologies and punishment schemes.
Our model suggests that two economies that have the same fundamentals may have very different
levels of corruption since corruption deterrence depends on beliefs as well as on fundamentals. If
agents believe that bureaucrats accept bribes, the bureaucracy is inefficient, and so the loss from
being expelled from the bureaucracy is small. In this case, bureaucrats indeed accept bribes.
However, if agents believe that bureaucrats do not accept bribes, the bureaucracy is efficient,
and the benefit from belonging to the bureaucracy is large enough to deter corruption. The two
equilibria differ in welfare and the size of the bureaucracy. The equilibrium without corruption
Pareto dominates the equilibrium with corruption, thus, corruption reduces welfare.?

Third, when the bureaucracy is small and agents are patient, an increase in the size of the
bureaucracy increases the welfare of both private agents and bureaucrats. Thus, if a bureaucracy
can commit to producing only high-quality goods, an economy with a corrupt bureaucracy can still
be better off than an economy without a bureaucracy. As the size of the bureaucracy increases,
the public provision of high-quality goods crowds out private provision, but not one for one.
The total supply of high-quality goods in the economy increases, leading to higher welfare. In
addition, centralized production and consumption can make bureaucrats more inflexible in trade;
for example, they find it easier to refuse to trade when a private agent’s good is of unknown
quality. This inflexibility improves welfare by reducing the number of lemons in the economy.

Finally, in the presence of corruption, an improvement in the ability to recognize the quality

of goods does not necessarily improve welfare, due to the effect on the size of the bureaucracy.

2Interestingly, although corruption does speed up exchange, it speeds up only socially inefficient exchange, thus
encouraging the production of lemons. This is in contrast to Lui (1985).



Because the improved ability enables the bureaucracy to catch and expel corrupt bureaucrats
with a higher probability, the bureaucracy becomes smaller in a stationary equilibrium, which
leads to a lower total supply of high-quality goods and hence lower welfare. For an improvement
in the monitoring technology to increase welfare, either the economy must be in an equilibrium
without corruption, or the improvement must be sufficiently large.

The literature on corruption is too voluminous to be surveyed here; we refer to Rose-Ackerman
(1999) for references. Some features or results of our model exist in the literature. For example,
the role of market failure is emphasized by Rose-Ackerman (1978) and Lui (1985) in a queuing
model and by Cadot (1987) in a model with asymmetric information. Also, multiple equilibria
exist when the level of punishment on corruption is endogenous (Lui, 1986, and Cadot, 1987),
or when the returns to rent-seeking activities do not dissipate as quickly as those to regular
production activities (Murphy et al., 1993). In contrast to these models, our paper develops
a search-theoretic foundation for corrupt exchanges by determining the exchange patterns en-
dogenously. This allows us to demonstrate clearly how corruption arises from the same frictions
that make the Walrasian market unattainable, without resorting to the assumption that the bu-
reaucracy controls the production, distribution, or inspection of certain goods/services. Another
advantage of our model is that it permits a coherent welfare analysis because it takes into account
how the exchange patterns may respond to policies.?

As an illustration of these differences, we contrast the welfare role of a bureaucracy in our
paper with that in Acemoglu and Verdier (2000). Assuming that the bureaucracy controls the
inspection of project quality, Acemoglu and Verdier show that the bureaucracy can increase
welfare by forcing private agents to adopt high-quality projects. In our model, the bureaucracy
does not have such capacity; instead, it affects private agents’ behavior only indirectly through

its non-negligible size in the market. To put it differently, the bureaucrats in our model improve

3The welfare analyses in existing models are subject to the following version of the Lucas critique. The bu-
reaucracy’s policies may change transaction patterns and/or the extent to which the bureaucracy controls certain
elements of the economy. In this sense, assuming that these elements are fixed makes policy evaluation unreliable.
A model in which transaction patterns are meaningful and endogenous provides a first step towards addressing this
criticism. The search model used in this paper offers such a setup.
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welfare by cleaning up their own act rather than forcing private agents to clean up theirs as in
Acemoglu and Verdier’s model.

To model decentralized exchange, we draw from the search monetary theory pioneered by
Kiyotaki and Wright (1989). In this sense, the economy without a bureaucracy generalizes the
work of Williamson and Wright (1994) and Wang (2000), who introduce the lemons problem into
search monetary models but do not allow for bribery. While these authors proceed to study how
money can reduce the severity of the lemons problem, we retain the non-monetary economy and
study the role of a bureaucracy. Our approach of modelling bribery as an exchange of socially
inefficient services follows from Engineer and Shi (1998). Finally, we model a bureaucracy as a
non-negligible group of agents who have centralized consumption and production as in Li and
Wright (1998). Li and Wright assume that the government agents always follow the government’s
trading rules. We abandon this assumption in order to analyze corruption.

Before describing the model, we wish to emphasize the following point. In what follows, the
bureaucracy should be interpreted as a benevolent government organization and not as a large
private coalition of agents. Given that the bureaucracy in our model does not control any aspect
of the economy, and it produces the same goods/services that the private sector does, one may
be tempted to interpret it as a large private firm (possibly a monopoly) and argue that such
a firm can improve social welfare by internalizing the externality which we associate with the
bureaucracy. Our model does not lead to this interpretation. In particular, the production and
trading rules that our bureaucracy follows are aimed to improve social welfare, rather than to
maximize private profits. While a benevolent government will find it optimal to adopt these
rules, the rules are in general not the best responses of a private firm that maximizes its own
present value. Thus, a bureaucracy that adopts such rules could not easily be interpreted as a
private firm. We do not take a stand on the issue of whether any bureaucracy is truly benevolent
in reality. We believe that it is interesting to study why corruption can exist in a benevolent

bureaucracy and whether such a bureaucracy can improve welfare. This focus also explains why



we assume that the bureaucracy always produces high-quality goods.

2. An Economy without Bureaucracy

In this section we describe an economy without a bureaucracy and show that no trade involves
the use of inefficient services (bribes), provided that some restrictions on the size of the bribe are
satisfied. This paves the way for an analysis of an economy with a bureaucracy, which appears

in Sections 3 and 4.

2.1. The Environment

Time is discrete. There is no public record-keeping, so there is no credit or any other contractual
arrangement. Agents live forever and discount the future with a discount factor 8 € (0,1). Each
agent can produce a perfectly storable and indivisible good, which has no consumption value for
the agent himself, but can yield utility to other agents. The good can be either of high quality
(H) or low quality (L, lemons). Producing a high-quality good costs ¢ > 0 in utility and yields
utility u > ¢ to the consumer. Producing a low-quality good costs nothing and yields no utility.
The two agents in a match may not both have high-quality goods. Thus, the lack of double
coincidence of wants arises not from the mismatch of the physical types of the goods, as in a
search/money model, but rather from the differential quality of goods. The quality of a good is
private information. With probability a € (0, 1), nature determines whether an agent can discern
the quality of his trading partner’s good.

Each agent can also produce non-storable services, which can be consumed by all agents.
Unlike the storable goods, services are socially inefficient to produce: the utility to a consumer of
each unit of service is 1 but the unit cost of providing such services is b > 1. Thus, an agent will
never produce services for himself. We refer to the exchange of services as “bribery.” To simplify

the analysis, we restrict attention to the case where the amount of bribes is either 0 or B > 0.4

41f services are divisible, the set of equilibria is much larger, but this does not add additional insights for the
main issues studied here. Similarly, the cost function of service production can be extended to b(q), with '(0) > 1
and b > 0, as in Engineer and Shi (1998), who study a monetary model without private information regarding
goods’ quality.



Furthermore, we impose the following assumption.

Assumption 1. Al. B is bounded above so that a producer of a low-quality good is willing to
offer a bribe:

B < u/b; (2.1)

A2. B is sufficiently large so that a producer of a high-quality good is unwilling to offer a bribe

even when he is offered a bribe:

u— Be
B ; 2.2
1 (2.2)
A3. The interval for B given by (2.1) and (2.2) is non-empty; i.e.,
U
b>— 1). 2.
> 5 G (23)

Next, we describe the exchange process. At the beginning of a period, each agent who does
not hold a storable good decides the quality of good he produces. After production, agents are
randomly matched in pairs and nature determines, with probability «, whether an agent observes
the quality of the partner’s good. The realization of this random event is private information, so
an agent does not know whether his partner recognizes the quality of his good. The two agents
then simultaneously announce three decisions: whether to trade the storable good, the quantity
of services proposed to give to the partner, and the quantity of services to ask from the partner.
A trade occurs between the two agents if and only if both choose to trade the storable good, and
the quantity of services asked by each agent does not exceed the quantity offered by his partner.
If a trade takes place, the two agents immediately produce, swap the durable goods, and give the
quantity of services requested by the partner. They then consume and depart. If a trade does
not take place, the two agents depart immediately. This trading mechanism keeps the analysis
tractable and is imposed on the basis of its simplicity.®

An agent’s trading decision depends on two types of information. One is the quality of his own

storable good, denoted by a subscript ¢ € {H, L}. The other is the knowledge of the partner’s

5In particular, we do not allow agents to re-bid. The latter mechanism, albeit realistic, would generate a large
set of equilibria, while it is not clear how it would contribute to the main issues studied here. Sequential bargaining
causes similar complexity because of the two-sided asymmetric information.
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good determined by nature, denoted by a second subscript j € {H, L,U}. The meanings of j = H
and j = L are clear, while the case j = U (“uninformed”) refers to the situation where nature did
not reveal the quality of the partner’s good to the agent. We refer to an agent with information
(i,7) as agent (i,7). The agent makes three trading decisions. The first is whether to trade the
storable good, denoted by s;; € {T, NT'}, where T' means “trade” and NT “no-trade”. We allow
for mixed strategies and denote x;; = Pr(s;; = T'). The second trading decision is the quantity
of services that the agent asks the partner to provide, denoted by ¢j;. The third decision is the
quantity of services that the agent proposes to give, denoted by q';-]j. Thus, the trading decisions
by an agent with information (7, j) are (x;;, qu, q;;)- The trading decisions of an arbitrary agent
are denoted by (Xij, QF;, Q%;), where X;; = Pr(S;; = T).

An agent (4, j) in a match with an agent (¢/, j') chooses to trade if and only if s;; = Sy;» =T,

qf; > Q% and gf; < Q7. Denote

s — 1, if qu > Qf,j, and q?j < ng,j/
K 0, otherwise.

The trade takes place with probability xijéf;lei/j/. The notation corresponding to ¢ for an
arbitrary agent is A. As mentioned earlier, if trade takes place, the quantities of services traded
are the asked quantities, ¢f; and Qf -

An agent’s production decision is denoted by p € [0, 1], which is the probability of the agent
producing a high-quality good. The production decision of other agents is denoted by P. Each
agent chooses (p,z,q%,¢%) taking other agents’ decisions (P, X, Q9,Q%) as given. We will focus
on stationary, symmetric equilibria, those in which the choices are stationary and agents of the

same type make the same choices.

2.2. Value Functions

Let V; be the value function of an agent holding storable good ¢, where i € { H, L} before matching

takes place. The value function before the production decision is Vj. The production decision p

5Throughout the paper, most capital-case variables are per-capita or aggregate variables that individual agents
take as given.



solves the following problem:

Vo = max [VL + p(VH - Vi — C)] (2.4)
pE(0,1]

Therefore,
=1, Vg —c> Vi
p =0, if Vg —e < Vi, (25)
S [0, ], if Vg —c=Vg.

The value function Vz and the exchange decisions (g, q?{j, q%lj) je{H,L,u} are given by:

(1-08)Vg =aP x max xHH{ H

(‘THHv‘Z%HaQ?{H)

aXpgubfflu+ gy — bQ%y + B(Vo — Vi)
1— @) Xaubfylu+ atry — bQ%y + B(Vo — Vi)

+a(l — P) x max )a:HL{ H

g
(-'EHLaqHquaHL

OZXLH(SI%}LI[q%IL - bQ%H + ﬁ(VO - VH)] (2 6)
1 — ) X1ubilatr, — bQ%y + B(Vo — Vi) '

p|  oXumbiilut+ gy —0Qfy +B(Vo — Vi)l ]
+(1—a) x max  zau +(1 = a)Xpubpplu + dfy — WQuy + B(Vo — Vi)
(@rv a0 ahu) +(1— P) aXrubpplaty — Q% +B(Vo — Vir)]
+(1 - ) Xpubfiylatiy — bQ%y + B(Vo — Vi)

The left-hand side of the above equation represents the gain from participating in the current
exchange relative to holding onto the good until the next period. The three terms on the right-
hand side specify expected gains from possible trades. There are three cases: (i) when the agent
recognizes that his partner holds a high-quality good; (ii) when he recognizes that his partner
holds a low-quality good; and (iii) when he does not recognize the quality of his partner’s good.
In the last case, the agent rationally believes that his partner holds a high-quality good with
probability P, and a low-quality good with probability 1 — P.

We explain the first case in detail next, and the other cases are similar. With probability aP
the agent meets a partner with a high-quality good and recognizes the quality. The expected gain
from trade in this case, specified by terms in the first bracket, arises in two situations. The first
is when the partner also recognizes the quality of the agent’s good, in which case the probability
of trade is Xpypé2H. Trading in this situation gives the agent utility u from consuming the
partner’s storable good, utility g% from consuming the partner’s services, and an opportunity

to produce in the next period (which has a present value 3Vp). The cost of trading comes from
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the disutility of producing services, bQ%;;, as well as the foregone value of the object, 3Vy. The
second situation is when the partner does not recognize the quality of the agent’s good. The
expected gain from trade can be explained similarly. Notice that in both situations the agent’s
trade decisions must be the same because the agent does not know which situation he is in. The

value function V7, and the exchange decisions (z;, q%j, q%j) je{m,r,uy can be described similarly.

2.3. Equilibria

Agents’ beliefs must be consistent with their strategies. If an agent believes that everyone else in
the economy produces only high(low)-quality goods, then it is rational for the agent to treat a

good of unknown quality as a high(low)-quality good. Thus, for all i € {H, L},

P=1= (l’iU;qu;QfU) = (miH7q:?H7qulH)7 (2 7)
P= 0= (miU7q:L'gU7Q;lU) = (.’L',L'L,qu,qu).

A symmetric equilibrium consists of the value functions (Vg,Vr, Vp), individual agents’ strate-
gies (p, mij,qu,qu), and the representative agent’s strategies (P, X;j, Q5 fj), (¢ € {H,L}, j €
{H,L,U}), such that (i) for given value functions and strategies for the representative agent,
each individual agent’s production strategy solves the maximization problem in (2.4), and the
trading strategies solve their maximization problems; (ii) agents’ trading strategies satisfy the
consistency requirements in (2.7); and (iii) strategies are symmetric; i.e., individuals’ strategies
are the same as the representative agent’s strategies.

We focus on equilibria that have the following properties. First, there is a positive measure
of high-quality goods in the market, i.e., where P > 0 (If P = 0, autarky is at least as good as
any equilibrium with exchange). Second, some low-quality goods are exchanged for high-quality
goods (i.e., Xgyy > 0), since the informational asymmetry in this case generates a clear welfare
cost. Finally, when the quality of the partner’s good is unknown or observed to be of low quality,
an agent trades only if he obtains a strictly positive surplus. This restriction, which can be
rationalized by the existence of an arbitrarily small transaction cost, rules out spurious trading

where two low-quality good holders swap their goods.
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There are three possible types of symmetric equilibria. In all equilibria, an agent does not
trade with another agent whose quality he observes to be low. Also, two agents always trade if
both observe that their partner holds a high-quality good. The three types of equilibria differ
in the values of P and Xpgy. In the first type, which we term a type a equilibrium, every agent
produces a high-quality good with probability 1 and always trades even when he does not discern
the quality of his partner’s good. That is, P = Xgyy = 1. In the second type of equilibrium,
termed a type b equilibrium, P < 1 = Xpgy. In this equilibrium, even though a high-quality good
holder does not discern the partner’s quality and knows that there is positive probability that
the partner’s good is a lemon, he trades anyway. The third type of equilibrium, termed a type c

equilibrium, has P < 1 and Xgyy < 1.

Proposition 2.1. There exists a type a (P = 1) equilibrium if and only if « > ¢/u. In this

equilibrium, agents do not request or offer bribes, and they trade with probability one.

The proof appears in Appendix A. Intuitively, agents always produce only H and always
trade with each other when it is easy to discern the quality of goods, in the sense that a > ¢/u.
Because anyone who deviates to produce a lemon will be caught with high probability and denied
trade, a deviation is not profitable.

Since the lemons problem is not severe in a type a equilibrium, we shift our attention to other
types of equilibria. In a type b or a type c equilibrium, 0 < P < 1 and so Vo =V, = Vg —c. The

following proposition characterizes these equilibria. The proof appears in Appendix B.

Proposition 2.2. Equilibria with 0 < P < 1 and Vi, > 0 involve no bribe exchange. An agent
with an L good always wants to trade. An agent with an H good trades if he discerns the
partner’s good as H; he does not trade if he discerns the partner’s good as L; and he trades with
a positive probability Xy if he cannot discern the quality of the partner’s good. In the last
situation, Xgy = 1 in a type b equilibrium, while Xgy < 1 in a type ¢ equilibrium. A type b
equilibrium exists if and only if ¢c/u < a < as = u/[3(2u — B¢)]. A type ¢ equilibrium exists if

11



and only if ag < a < g, where

GG+ 55

The above proposition, together with Proposition 2.1, illustrates two main features of the

as

equilibria in our model. First, no bribe is exchanged in any equilibrium without a bureaucracy.
The precise proof of this result is involved, as shown in Appendix B, but an informal argument is
straightforward. First, an agent who holds a high-quality good will not trade if he discerns that
the partner holds a low-quality good, even if his partner offers a bribe. The surplus from trading
away a high-quality good for a lemon plus a bribe is B — 3(Vy — Vp) and, because Vg — Vo = ¢
in all equilibria with P € (0, 1), this surplus is negative under (2.1) and (2.3). Second, an agent
who holds a high-quality good will not offer a bribe, regardless of his knowledge of the partner’s
good. Even if the partner’s good is observed to be of high quality, offering a bribe yields the
agent a surplus no more than u — bB — (3¢, which is negative under (2.2). Thus, only agents who
hold low-quality goods may offer bribes. Third, a high-quality good holder does not ask for a
bribe if he cannot discern the quality of his partner’s good. In such a match, a high-quality good
holder trades away the storable good with positive probability, hoping that the partner holds a
high-quality good as well. But if the partner indeed holds a high-quality good, requesting a bribe
is not optimal as it will surely result in no trade since a high-quality good partner never offers
a bribe. Thus, a high-quality good holder never requests a bribe. Similarly, if an agent with a
low-quality good wants to trade in a match with an agent who holds a high- or unknown-quality
good, the agent should never ask for a bribe. Thus, no trade involves the exchange of bribes.
Another implication of the model is that different equilibria can co-exist. For example, when-
ever a type b equilibrium exists, a type a equilibrium exists as well. Which one of these two
equilibria occurs depends on the agents’ beliefs about other agents’ production decisions, and
these beliefs are self-fulfilling. If a producer believes that other agents will produce high-quality
goods, then it is optimal for him to produce a high-quality good since producing a low-quality

good would significantly reduce his trading opportunities. But if a producer believes that other
12



agents will produce high-quality goods with a probability strictly less than 1, then it is optimal
for him to do the same since always producing a high-quality good would incur a high production
cost which would be wasted in trade with partners who hold (unknown) low-quality goods.”

In a type c equilibrium, the value functions and X gy are as follows:

(1 -8V = Pla+ (1 —a)Xuy)*(u — Bc) — (1 — a)BcXyy(l — P),

(2.8)
(1-8)VL=01-8)(Vy —¢c) = P(1 - a)uXpyy,
Xow == {S(;f)ﬁﬂ; ~al. (29)

In the remainder of this paper, we will restrict our attention to the parameter region o €
(0,c¢/u). This serves two purposes, in addition to simplifying the analysis of a bureaucracy. First,
the restriction captures the severe information asymmetry which is the type of market failure
we wish to focus on. Second, the restriction will facilitate the comparison between an economy
with a bureaucracy and the economy without. Under this restriction, the type ¢ equilibrium is
the only possible equilibrium in the economy without a bureaucracy, but there can be multiple
equilibria in an economy with a bureaucracy. Thus, we can attribute the multiplicity exclusively

to the distinct features of the bureaucracy.

3. A Bureaucracy of Exogenous Size

In this section, we introduce a bureaucracy but keep the size of the bureaucracy and the level of
punishment on corruption exogenous. We demonstrate that bribery can exist in an economy with
a bureaucracy and study how the level of corruption depends on the size of the punishment. This
is a preliminary step toward Section 4, in which we endogenize both the size of the bureaucracy
and the level of punishment.

Here, the population consists of two groups, private agents and bureaucrats. The mass of

bureaucrats is v € (0,1) and that of private agents is 1 — . Private agents are as described in

"Propositions 2.1 and 2.2 show that the results in Williamson and Wright (1994, section ITT) are robust to the
possibility of bribery, provided that the size of bribes satisfies Assumption 1.
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the previous section, and each behaves according to his own incentives. In contrast, bureaucrats

have the following two distinct characteristics:

e The bureaucracy centralizes production and consumption of storable goods. All bureaucrats
jointly produce high-quality goods at the beginning of each period and allocate one unit to
each member who has traded the storable good away in the previous period. No bureaucrat
alone can produce storable goods although he is able to produce services. We assume that
the bureaucracy can produce only high-quality goods. With regards to consumption, all
bureaucrats pool their holdings from exchange at the end of the period, and every bureaucrat

consumes the same amount regardless of whether he succeeded in trade.?

e The bureaucracy prescribes the following trading instructions for its members: (i) to not
accept bribes, and (ii) to trade if and only if their trading partner is known to hold a high-
quality good. A bureaucrat can deviate from these trading instructions. If he does so and
is caught, he is punished with an exogenous loss of utility R > 0 but is allowed to stay in

the bureaucracy (in Section 4, such a defector is expelled from the bureaucracy).

Centralized production and consumption captures an important aspect of actual bureaucra-
cies. That is, the benefit of belonging to the bureaucracy derives not so much from individual
bureaucrats’ actions alone but rather from all bureaucrats’ actions together. This feature cuts
both ways in a bureaucrat’s decision on whether to deviate from the bureaucracy’s trading instruc-
tions. On the one hand, centralized consumption generates the inflexibility typically associated
with a bureaucracy, which increases efficiency. Because a bureaucrat receives the same level of
consumption of storable goods regardless of whether he succeeds in trade, he may refuse to trade
for an unknown quality good. On the other hand, bribes may entice a bureaucrat to trade the
good away because an individual bureaucrat bears little of the production cost. This is a novel

implication of our model that we believe also captures a main aspect of some bureaucracies. The

8More precisely, the bureaucracy uses a lottery to allocate the goods received from the exchange to the bu-
reaucrats. Every bureaucrat has the same probability of winning one unit of the good regardless of whether he
succeeded in trade in that period.
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bureaucracy creates a positive externality which cannot be easily reproduced by the private sec-
tor, but which, at the same time, makes bureaucrats susceptible to bribery due to a low power
incentive scheme.

The assumption that the bureaucracy produces only high-quality goods may not be realistic.
Similarly, a bureaucracy in reality may not adopt the trading instructions specified above. We
make these assumptions because we try to analyze the behavior of a benevolent bureaucracy.
These production and trading rules maximize social welfare and, hence, can be thought of as the
optimal policies of a benevolent bureaucracy. We emphasize, however, that they are typically
not the best responses of a private firm that maximizes its present value: under the maintained
restriction that o < c¢/u, a private firm will choose P < 1 instead and will trade with a positive
probability when the trading partner’s good is of unknown quality. Therefore, the bureaucracy
in our model fits the description of a government bureaucracy and not that of a private firm.

To complete the description of the bureaucracy, we need to describe how it enforces its trading
instructions. The enforcement technology is imperfect. The bureaucracy cannot directly observe
the type of the match or the bribe that each bureaucrat might have received; instead, it can only
observe the quality of a bureaucrat’s storable good with probability ae. Thus, we assume that the
bureaucracy’s detection technology is the same as the private sector’s. A bureaucrat is punished
only if the bureaucracy finds that he holds a low-quality good, or that he holds no good at all.

To simplify the analysis, we make three additional assumptions. First, bureaucrats must
pool the storable goods received from the exchange before consuming them. This rules out
embezzlement. Second, each bureaucrat faces the same matching rate as a private agent does.
Third, when two bureaucrats meet, they simply swap their inventories and, after swapping, the
goods become consumption goods. The last two assumptions ensure that a bureaucrat is not at
a disadvantage in the number of possible trades relative to a private agent.

To analyze agents’ decisions, let us use a subscript G to denote variables related to a bu-

reaucrat. An individual bureaucrat’s decisions are (yg;, ngj, q&j) j=H,L,U, Where yqg; denotes the
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probability with which a bureaucrat agrees to exchange the storable good with a private agent
who holds a type j good, and (qg;j,q&j) denote the corresponding quantities of services offered
and requested. Let 6&% indicate whether the quantities of services by the bureaucrat and the
private agent are consistent with each other (§ = 1), or not (6 = 0), where ¢ € {H, L} and
j € {H,L,U}. Let a representative bureaucrat’s decisions be (YGj,Qng,Q%;j)j:H,L,U, and the
corresponding indicator function be A’GGJ Similarly, for a private agent in a match with a bu-
reaucrat, the decisions are (¢, ¢l;, ¢%:), where ¢ = H, L, and the corresponding decisions by a
representative private agent are (Xiq, Q7. Q%).

As discussed before, we restrict @ < ¢/u so as to focus on equilibria with 0 < P < 1 and
0 < Xpguy < 1. Then Vy = Vi, = Vg — ¢. The exchanges between two private agents are the
same as described in Proposition 2.2. Adapting (2.8) to take into account the exchanges with

bureaucrats, we have the following value functions for private agents:

(1=8)Va =1 —-9{la+(1—a)Xzu]*P(u—Bc)— (1 - P)Be(l — ) Xny}
aYorb§a(u+ qhq — bQy — Be) ] ,

+7 X max +(1— a)YGUégg(u + ¢4 — Q% — Be)

THG Ao e) THG

(1-8VL =(1-7)(1-a)uPXgy

+v X max

QY1 dGh(u + g — bQ;) |
+(1 = a)YaubF8 (u+ ¢fq — bQ%y)

Notice that we have already imposed the consistency requirement that if a private agent meets a

2164} o0t e) TLG

bureaucrat and cannot recognize the quality of the bureaucrat’s good, he must rationally believe
that the quality is high (since bureaucrats can only produce high-quality goods).

Every bureaucrat obtains net expected utility ug from consuming storable goods in each
period. This is equal to the total utility from consuming high-quality goods minus the total

production cost in the bureaucracy, divided by the size of the bureaucracy. That is,

ug =Uu {"}/ + (1 — ’y)[OzPYGHXHgAgg =+ (1 — a)PYGUXHgAgg]}

—cld1— (1 _ ) 1- aPYGHXHGAgg - 04(1 - P)YGLXL(;AéCL"
V(1 = a)You (PXuaAES + (1 - P)X16ALS) | [

The first bracket in the above expression gives the average rate at which a bureaucrat receives a

high-quality good from exchange. Notice that the bureaucrat always exchanges for a high-quality
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good with another bureaucrat. The second bracket gives the average rate at which a bureaucrat
needs to be re-supplied with a high-quality good. The only case in which a bureaucrat does not
need to be supplied is when he meets a private agent and does not trade. The probability for this
event is given by the terms in the large squared brackets. The value function for a bureaucrat,
Vg, is as follows:

(1=0)Vo =ug+ (1 —7)aP Xmaxyq,, 4 g Yo Xnabd§ (aéy — bQ%4e)
+(1 —7)a(l = P) x MaX(ye, ¢ go. ) yGLXLgéé%'(qéL - bQ%s — aR)

s e | PXEGSES (ay ~ bQ%6)
vev ) YU | (1~ PYX 185G (g — bQg — aR) |

+(1 = 7)(1 — @) x max
A notable feature of this value function is that a bureaucrat’s trading decision is driven by bribes.
The utility (ug) from consuming the storable goods does not affect directly a bureaucrat’s decision
on whether to accept a bribe. The expected punishment is given by the product of the detection
probability, «, and the level of punishment, R. Notice that it is impossible to detect bribery
when a bureaucrat exchanges for a high-quality good. We impose a tie-breaking restriction that
the bureaucrat exchanges with probability 1 if the partner holds a known high-quality good and
the surplus from bribes is zero.
Having specified the general forms of the value functions, we now turn to the study of equi-
libria. Again, we examine only symmetric equilibria where agents with the same type and infor-
mation choose the same strategies. Not surprisingly, the bureaucracy’s trading instructions are

consistent with equilibrium if expected punishment to corruption exceeds the benefit of bribery,

i.e., if aR > B. The following proposition verifies this intuition (see Appendix C for a proof):

Proposition 3.1. If aR > B, no bribes are exchanged in equilibrium. Trades between private
agents are as described in Proposition 2.2. A private agent and a bureaucrat trade if and only
if the private agent holds a high-quality good, and the bureaucrat recognizes the quality of the

private agent’s good.

If the punishment on corruption is not severe enough, however, bribery will occur in certain

matches. We assert this result in the following proposition, which is proved in Appendix D.
17



Proposition 3.2. If R is sufficiently close to zero, then the following trading strategies form
an equilibrium. Trades between private agents are as described in Proposition 2.2. In a match
between two bureaucrats, the two swap the storable goods. In a match between a bureaucrat and
a private agent, trade occurs except when the private agent’s good is of high-quality but is not
recognized by the bureaucrat. Moreover, bribery occurs if and only if the private agent holds a

low-quality good. Specifically, the trading decisions are as follows:

Q&L =Qbu =B, Qty =0, Q% = Q%y = QLy = 0; (3.1)
Qic=Qtc =0, Q¢ =B, Qyq=0; (3.2)

Yor =Yov =Yon =1, Xuec = X1g =1, (3.3)

AGL =A8F =0, Al = AGE =1, ATL = AL =1 (j = L,U). (3.4)

Eq. (3.1) states that the bureaucrat requests a bribe whenever he is not sure whether the
partner’s good is of high quality, but a bureaucrat never offers a bribe. Eq. (3.2) states that the
private agent never requests a bribe from a bureaucrat, and that he offers a bribe only when he
holds a low-quality good. Eq. (3.3) states that the two agents always decide to trade their storable
goods. However, a trade does not always occur because the quantities of services proposed by
the two agents may be inconsistent. This happens when the private agent holds a high-quality
good, and the bureaucrat does not observe it, as indicated by (3.4).

In light of Proposition 3.2, we can re-examine two views expressed in the literature. First,
bribes are sometimes deemed “natural” because they are similar to gifts between private agents
(Rose-Ackerman, 1999). Under our parameter restrictions, there is a clear distinction between
bribes and gifts: private agents offer inefficient services as bribes to bureaucrats which they do
not offer to other private agents or receive from bureaucrats. Second, it is sometimes said that
bribery improves social welfare because it can speed up exchange. Although it is true in our
model that an equilibrium with bribery has more trades than in an equilibrium without bribery,

it is the socially inefficient exchange that bribery speeds up. This is because only the producers
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of lemons are willing to bribe, so corruption encourages the production and exchange of lemons
and socially inefficient services. As a result, corruption unambiguously reduces welfare.
Propositions 3.1 and 3.2 point to the possibility of multiple equilibria, since they suggest
that bribery and corruption are more likely to arise when the punishment on corruption is lower.
Because the punishment on corruption in reality often depends on whether there is corruption, it
is possible that multiple equilibria can be self-fulfilling when the punishment is endogenous. In

the next section we examine this issue and analyze welfare.

4. Endogenous Size of Bureaucracy and Punishment on Corruption

In this section we assume that a bureaucrat who is caught accepting bribes is expelled from the
bureaucracy. In this event the bureaucrat loses the current utility, ug, plus the future benefit
from belonging to the bureaucracy. That is, the punishment is now endogenously determined as
R=ug+ (Ve —W).

The size of the bureaucracy is also endogenous in any equilibrium with corruption because
corrupt bureaucrats exit from the bureaucracy once they are caught. In order to obtain a sta-
tionary size of the bureaucracy, we introduce exogenous deaths and births. Each agent dies with
probability 6 at the end of each period, and a measure 6 of new agents are born at the begin-
ning of each period. A fraction o of the newborns are bureaucrats, and the remaining 1 — o are
private agents. If the size of the bureaucracy is y in this period, the size in the next period is
v = (1—0)(y—m)+0c, where m is the endogenous mass of corrupt bureaucrats who are expelled
as a result of being caught accepting bribes. In a steady state, v/ = ~, and soy = o — (1—0)m/0,
which is positive iff m < 8o /(1 — ). Given the probability of death, the effective discount factor
isp=(1 —9)3 , where E now stands for the discount factor used previously. All the Bellman equa-
tions in the previous section are valid after re-interpreting the discount factor as § = (1 — 0) 8.

Again we restrict attention to the case where 0 < Xyy < 1 and 0 < P < 1. In this case,

Vo=VL=Vyg —c.
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4.1. An Equilibrium with Corruption

In this equilibrium, agents’ decisions are as described by Proposition 3.2. Substituting (3.1)—(3.4)
and R = ug + B(Ve — Vi) into the value functions in the last section, we have:
(1= B)Va = a(l = 7)(1 = P)Bec+~ya(u — Be),
(1=6)Ve =1 =71 - )uPXpy +7(u—bB),
(1=B)Ve =ug+ (1 —7)(1 - P{B - afug + 8(Ve - Vu)l},
ug = (u—c)ly+ 1 =7)a] = (1 =7)(1 = P)lau+ (1 —a)d.
The probability X gy is given by (2.9). Solving Vi — Vi, = ¢, we have:

le_a(u_yﬂc)_(l_ﬂ)c_y(u_bB) (41)

(1 =) [a(u = Be) + ufe/(u — Be)]

Notice that the size of the bureaucracy and the level of corruption, as measured by the fraction

of bureaucrats accepting bribes, affect private agents’ production decisions in equilibrium. This
influence comes from the non-negligible role of the bureaucracy in the market.

The equilibrium with corruption imposes three restrictions. First, a bureaucrat must have no
incentive to deviate from the equilibrium strategy. That is, a bureaucrat gains nothing by not
accepting bribes when the quality of the private agent’s good is known to be low or is unknown.
The conditions for these two types of matches are the same, and so we consider only the case
where a bureaucrat discerns the private agent’s good to be of low quality. Suppose that the

bureaucrat refuses to accept bribes in this case. His value function, denoted by Vg, satisfies
(1= B)VE =uc+ (1 —7)(1 - a)(1 = P){B —alug +B(Ve — V1)]}-

Comparing this value Vg with the equilibrium value Vg, it is evident that the deviation is not
profitable if and only if B > alug + (Vg — Vi)]. Substituting (Vg, Vi, ug, P, Xgyu), we can

express this condition explicitly as follows:

(1-B)B/a + By(u—bB)
> (u—oy+a(l—7y)]+ab(l—-7u (4.2)

—(1-B)c—y(u—bB B
ety [+ (1= a)e+ Bu (25 +a) |
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Second, this equilibrium requires that Xg7, P € (0,1). The restrictions 0 < Xgy < 1, which

imply 0 < P < 1, are equivalent to:

(L= B)etr(u—bB -5 + VAl _ __ ul(l—B)c+r(u=bB) ws)
2[y(u— Be) + (1 =) Y(u = Be)? + Be[(2 — y)u — Be]’ '
where
Ar = [(1=B)ec+(u—bB—pe)?

325 [(1 = B)e +7(u = bB)][v(u — Be) + (1 —7)5d].
Third, the mass of bureaucrats must be stationary; i.e., v = 0 — (1 — )m/6. The mass of
corrupt bureaucrats who are caught and, thus, expelled in each period is m = (1 —v)(1 — P)a,
where (1—7)(1—P) is the probability with which a bureaucrat accepts a bribe and « the detection

probability. Then, the stationary size of the bureaucracy satisfies:
v[0+a(l—0)(1—-~)(1—P)]—0c =0. (4.4)

Clearly, 0 < 7 < 0. Substituting P from (4.1), we can write the above equation as a quadratic

equation of v and show that there is a unique admissible solution for = if

au— (1 —pP)c

u—bB + afic’ (4.5)

o<

Moreover, the solution for v approaches 0 when either o approaches 0 or § approaches 1.7 Because
the bureaucrats’ choice of accepting bribes affects the private sector’s production decision, P, it
also affects the stationary size of the bureaucracy.

An equilibrium with corruption exists if (4.2), (4.3), and (4.4) hold, together with (2.1) —

(2.3). We delay the study of the existence issue until subsection 4.3.

4.2. An Equilibrium without Corruption

In this equilibrium, agents’ trade decisions are described by Proposition 3.1. Since no bribery

occurs, no agent exits the bureaucracy, and so the stationary size of the bureaucracy is v = o.

9To show these properties, substitute P from (4.1) to write (4.4) as
0 = (u—bB+afe)y + x5 [alu—Be) + 2]
— {au —(1-pB)c+ ﬁ [a(u — Be) + u“fgc] } 5.

Under (4.5), the above quadratic function is positive when v = 0 and is negative when v = o.
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The value functions are as follows:
(1 - B)Vi = a(l — 0)(1 — P)Be + calu — ),
(1=8)Ve =(1-0)(1—-a)uPXgu,
(1-8)Ve=uc = (u—c)lo+(1-0o)aP],

where X g is given by (2.9), and P is given by

a(u—ofe) = (1= B)e

P A= o) a(u—Bo) + uBe/(u—Ba’

(4.6)

For an equilibrium without corruption to exist, a bureaucrat must have no incentive to de-
viate from the equilibrium strategy of not accepting bribes. The required condition is B <
alug + B(Vg — Vp)]. Although this condition appears to simply reverse the earlier inequality
that was required to induce a bureaucrat to accept bribes, the implied restriction on the para-
meters is quite different. This is because the variables (ug, Vg, V1) now have different values. To
see this distinction clearly, substitute (uq, Vg, V1) in the equilibrium without bribery. We can

express the no-deviation condition as follows:

(1-B8)B/a < (u—c)lo+(1—0)a]+ab(l—o0o)u

—qleeB_ (B ot — o)+ Bu (25 + o). 4.7

This is different from the corresponding condition in the equilibrium with bribery, (4.2).

In addition, the equilibrium requires that X gy, P € (0,1). These are equivalent to

(1-B—0B)c+VAy (1—0B)cu
2o(u—PB+(1-0)8d ~“ Fu-B 132 -a)u—34d (4.8)

where

41— p)se
u — Be

An equilibrium without corruption exists if (4.7), (4.8), and (2.1) — (2.3) hold.

Ay =(1—6—-0B)>3+ [o(u— Be) + (1 — o) Bd].
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4.3. Existence and Co-existence of Equilibria

We first establish the existence and co-existence of the two equilibria analytically for special cases.

Then we numerically illustrate the existence in a broader parameter region.

Proposition 4.1. If 8 — 0, no equilibrium with trade exists. If (3 is sufficiently close to 1, and
o is sufficiently close to 0, an equilibrium with Xgy, P € (0,1) exists in a non-empty parameter
region that satisfies 0 < a < u/(2u — ¢) and (2.1) — (2.3). Moreover, the equilibrium with

corruption and the equilibrium without corruption co-exist.

Proof. If 8 — 0, (2.9) implies Xy < 0, and so there is no equilibrium. For the rest of the
proposition, set (3,0) — (1,0) so that v+ — 0. The conditions for Xy € (0,1) then become
0 < a < u/(2u — ¢) in both equilibria. For the equilibrium with bribery, the requirement (4.2)
becomes B > —oo; for the equilibrium without bribery, the requirement (4.7) becomes B < +00.
Both are trivially satisfied. Thus, an equilibrium with Xgg, P € (0,1) exists if and only if the
conditions 0 < o < u/(2u — ¢) and (2.1) — (2.3) hold. These requirements are satisfied by a
non-empty set of parameter values. Moreover, the two equilibria coexist. Since the equilibria

depend on (3, o) continuously, they also exist for (3, o) sufficiently close to (1,0). QED

The following example illustrates the existence of the two equilibria in a broader region.

Example 4.2. Let the parameters be given by the following: 3 =0.9, 0 =04, 0 =0.1, u = 1,

c=05,b=3.

With these parameter values, Figure 1 depicts the existence regions of the two equilibria in the
subspace (B, «). The assumptions (2.1) — (2.3) are satisfied when 0.275 < B < 0.333. For any
B in this range, the equilibrium with corruption exists when aLy(B) < a < aHy(B), and the
equilibrium without corruption exists when aL,(B) < a < aHy,(B). The two equilibria co-exist
when aLy(B) < a < aH,(B).

Figure 1 here.
23



We emphasize that the co-existence is driven by the fact that the punishment on corruption
endogenously depends on the level of corruption. When bureaucrats do not accept bribes, they
exchange their high-quality goods only when they can see that their partners’ goods are of high
quality. Since the bureaucracy’s goods are never exchanged for lemons, the cost of replacing these
goods is low, and so the payoff to belonging to the bureaucracy is high. This high payoff deters
corruption because a bureaucrat would risk losing this high payoff if he accepted a bribe and were
caught. On the other hand, if bureaucrats accept bribes, a large fraction of the bureaucracy’s
goods are exchanged for lemons and bribes. In that case, the bureaucracy’s consumption of high-
quality goods is low, and the cost of replacing goods is high. Both factors reduce the payoff to
belonging to the bureaucracy and make corruption more likely.

Although our model is very stylized, casual observations suggest that corruption of government
officials is indeed less wide-spread in countries where such officials enjoy high benefits (e.g., salary,
status, etc.). Conversely, corruption is widely spread in countries where such officials are treated

poorly, and the value of being in the bureaucracy (without bribes) is low.

4.4. Welfare Analysis

A private agent’s ex ante welfare is Vj, which is equal to V7, (or Vi —c¢) in the two equilibria in our
discussion. A bureaucrat’s ex ante welfare is Viz. The society’s welfare is W = oV + (1 — 0) Vb,
which measures the expected utility of an agent before he realizes whether he is a private agent
or a bureaucrat. We examine how these welfare measures change with ¢ and a. The effects of ¢
are interesting because an increase in o, the fraction of newborns who are bureaucrats, is likely
to increase the stationary size of the bureaucracy. The effects of o are interesting because an
increase in o represents an improvement in the ability to recognize quality.!? To distinguish the
two equilibria, we attach the subscript n to variables in the equilibrium without corruption and

b to variables in the equilibrium with corruption. We have the following.!!

10 Another parameter is the size of bribe, B. We found that welfare decreases with B in all numerical examples.
" The proof is straightforward and omitted. To determine the signs of various derivatives, notice that the
equilibria exist in the limit case (3,0) — (1,0) only if 0 < o < u/(2u — ¢).
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Proposition 4.3. When (8,0) — (1,0), (Vo, Vg, W) are all increasing functions of o in both

equilibria.

In other words, all measures of welfare increase with the size of the bureaucracy when this
size is sufficiently small. The gain to private agents comes primarily from increased frequency of
transactions for private agents who hold high-quality goods. In an economy without bureaucracy,
a private agent with a high-quality good sometimes exchanges the good for a low-quality good
from which the agent derives little utility. For every private agent that is replaced by a bureaucrat
who commits to producing only high-quality goods, the number of agents producing high-quality
goods increases by 1— P. In this case, a private agent with a high-quality good has a higher chance
than before to meet another high-quality good holder, and so his expected utility increases. This is
the case even in the equilibrium with bribery, because a private agent holding a high-quality good
does not offer bribes. Thus, Vg increases in both equilibria as ¢ increases. Because a bureaucrat
is a high-quality good producer by construction, his value function increases for a similar reason.
The value function of a low-quality good producer also increases, because Vi, = Vi —c. Therefore,
a private agent’s ex ante welfare increases.

To see the welfare effects of o in a larger parameter region, consider the following example:

Example 4.4. 3=09,a=04,0=01,u=1,¢=05,b=3, B=0.322 (= BB).

With these parameter values, the two equilibria coexist for o € (0,0.565). Figure 2a depicts
the dependence of (Vp, Viz) on o in the two equilibria, and Figure 2b depicts the dependence of
(P,h,G) on o, where h is the probability with which a private agent with a high-quality good
succeeds in obtaining a high-quality good, and G is the solution for the bureaucracy size () in
the equilibrium with corruption. An increase in o increases the size of the bureaucracy in the
two equilibria (recall that v = o in the equilibrium without corruption). Both the private agent’s
and the bureaucrat’s welfare levels are increasing functions of ¢ in the two equilibria. Thus the
society’s ex ante welfare is increasing in o. As we discussed above, the welfare gain to a private
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agent rises because h increases with o (see Figure 2b). Similarly, as o increases, a private agent
is more likely to exchange a high quality good for a good of unknown quality.

It is important to supplement the above welfare effect of o with two remarks. First, the positive
welfare result of a bureaucracy should not be construed as a statement that a bureaucracy can
always improve welfare. Rather, the result serves the purpose of demonstrating that the exogenous
advantages for a bureaucracy assumed in the literature are not necessary for the bureaucracy to
improve welfare. Because our assumption that a bureaucracy can commit to producing high-
quality goods is not always satisfied in actual economies, one should be careful when mapping
our welfare result with actual observations.

Second, one may be tempted to conclude that the positive welfare effect in our model is a
simple change in the decomposition between bureaucrats and private agents, with some private
agents who produce low-quality goods being replaced by bureaucrats who produce high-quality
goods. This interpretation misses an interesting feature in Figure 2b. Namely, the increase in
the public provision of high-quality goods, caused by the increase in o, crowds out the private
provision of high-quality goods. Not only does the size of the private sector shrink but also
private agents produce high-quality goods with a lower probability. This probability falls because
an increase in bureaucracy size benefits a holder of a high-quality good more than a holder of
a low-quality good. In equilibrium agents must be indifferent between producing high-quality
and low-quality goods. Therefore, to restore this mixed-strategy equilibrium, the fraction of low-
quality private agents must increase to offset the excess gain to agents with high-quality goods.
Despite such crowding-out, the increase in o increases the overall fraction of high-quality goods

in the market. That is, the crowding-out is less than one-for-one.

Figures 2a and 2b here.

We now illustrate the welfare effects of reducing the informational asymmetry, as represented
by an increase in a. Consider the parameter values in Example 4.2. In addition, set B = 0.322

(= BB), in which case the two equilibria co-exist for a € (0.257,0.501). Figure 3a depicts the
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dependence of welfare levels on « in the two equilibria, and Figure 3b depicts the dependence of
(P,h,G) on a.

Figure 3a and 3b here.

In the equilibrium without corruption, both private agents’ and bureaucrats’ welfare increases
with a. For a private agent with a high-quality good, an increase in « increases his utility by
reducing the number of exchanges with agents holding low-quality goods. Since Vi = Vg —
¢ in the two equilibria, expected utility of agents who hold low-quality goods also increases.
For bureaucrats, an increase in « increases their expected utility by increasing the number of
exchanges with private agents who hold high-quality goods.

In the equilibrium with corruption, in contrast, an increase in « improves welfare only when «
is large. When « is small, an increase in « reduces welfare for both private agents and bureaucrats.
This negative welfare effect arises because the equilibrium size of the bureaucracy shrinks with «,
as illustrated by the decreasing function G in Figure 3b. As the detection technology improves, a
larger fraction of corrupt bureaucrats is caught and expelled from the bureaucracy. This generates
a smaller bureaucracy; thus, the fraction of high-quality goods in the market can be lower. When
« is sufficiently large, however, a further increase in o improves welfare by sufficiently reducing
the number of low-quality goods exchanged between private agents.

The effects of o on P are similar to the effect of o. That is, an increase in « benefits a private
agent who holds a high-quality good more than a private agent who holds a low-quality good; to

restore the indifference between producing the two qualities, P must fall.!?

5. Conclusion

We have analyzed the exchange patterns in two economies with decentralized exchanges and asym-
metric information regarding product quality. In the economy without a bureaucracy, agents do
not trade socially inefficient bribes with each other. We introduced bureaucracy as a coalition

of agents who have centralized production and consumption and showed that the positive exter-

12This result is similar to the one obtained in a monetary model by Wang (2000).
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nality created by such a bureaucracy also gives rise to low power incentives for the individual
bureaucrats and might lead to corruption. We endogenized the punishment on corruption as
the loss of the benefit from being part of the bureaucracy. In the economy with a bureaucracy,
there are two self-fulfilling equilibria. In one the bureaucrats accept bribes, and in the other they
do not. The equilibrium without corruption generates higher welfare and is able to support a
larger bureaucracy than the equilibrium with corruption. Despite the existence of corruption, a
bureaucracy may improve the welfare of the society.

Our welfare results should be interpreted with some caution. First, real world bureaucracies
have many functions other than alleviating market failures arising from private information,
although the latter is an important function emphasized in our paper as well as some other
papers on bureaucracy (e.g., Acemoglu and Verdier, 2000). Second, there are features that we
abstract from that limit the desirability of a large bureaucracy. Introducing such features will
lead to a more realistic model and might overturn some of our welfare conclusions. We consider
our welfare results to be of value to the extent that they will remain an important part of such
a more complicated story.

We believe that the search model with lemons is a rudimentary but appropriate framework
that captures the link between market failure and corruption. This framework endogenously
generates trading patterns that distinguish bribery from gifts; the former is a corrupt exchange
between a private agent and a bureaucrat, while the latter is an exchange between two private
agents. In addition, the model illustrates that corruption is not merely a transfer from private
agents to bureaucrats, but rather an exchange that incurs a social deadweight loss. There is a del-
icate trade-off between the cost of corruption and the potential social benefit from a bureaucracy
that can commit to producing high-quality goods.

As we mentioned earlier, bureaucracy in existing models is typically exogenous in the sense
that, by assumption, it controls certain elements of the exchange. The bureaucracy in our model

is not fully endogenous either since we do not model explicitly how agents choose to form it,
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and how it commits to producing high-quality goods. These exogenous features notwithstanding,
our model makes a step forward by assuming that the bureaucracy does not control directly any
element of the exchange process. We hope that our analysis will provide a step forward to shifting
the focus of future research towards a fully endogenous bureaucracy. For such an analysis, we
believe that the feature of a bureaucracy that we emphasized in this paper, namely, centralized
production and consumption, will continue to be important.

Many extensions are possible. We mention two here. The first involves allowing agents to
acquire technologies that improve the ability to recognize the quality of goods. We have already
shown that a higher ability is not necessarily welfare-improving, and so there might be a socially
desirable level of such ability. Wang (2000) has analyzed information acquisition in a search model
without corruption. It would be interesting to see whether the presence of corruption changes
his results. A second extension is to examine corruption at different levels of a hierarchical
bureaucracy. More generally, one can examine how different ways of organizing a bureaucracy

affect corruption, a topic emphasized by Shleifer and Vishny (1993).
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Appendix
A. Proof of Proposition 2.1
First, we establish the following Lemma.

Lemma A.1. A symmetric equilibrium with P > 0 has the following properties: (i) Xpg =
AL = AT = 1; (ii) Q% = B implies Xp; = 0 for all i,j € {H,L,U}; (iii) Xgr = 0 and

— 09
Q%H_ HU"

Proof. Similar to (2.6), we express the value function V7, as follows:

1 — ) Xaubff[u+ gt g — bQ%4y + B(Vo — Vi)

(1 _ /B)VL = aP x max TLH O‘XHL(SI{I#[“ + q%H - bQ?{L + ﬁ(‘/() - VL)]
(TLH,q] 1-9% 1) +(

aXLL(S%% [Q%L - bQ%L =+ 6(% - VL)] (Al)
1— o) Xryoff [af, — bQ%y + B(Vo — VL))
p|  aXardfiflutaty —0Q4 +B(Vo — V)]
+(1— o) Xpub i [u+ qty — bQ%y + B(Vo — Vi)
aXrréihlaty — Q% + (Vo — Vi)
+(1 — a)Xubtglaty — bQ%y + B(Vo — Vi)

Part (i) of the Lemma states that an L agent who sees the partner’s quality as H always

1-P
+af ) X max )l‘LL{ H(

(mLL ’q%L 7Q%L

+(1—a) x max  TLy
(xLan%U7QiU) +(1 _ P)

wants to trade. The L agent’s surplus is u + ¢f ; — bQ%; + (Vo — V1) if the partner knows his
good’s quality and u + ¢% i — bQ%Y; + B(Vo — Vi) if he does not. Even under the worst terms of
trade, ¢f ; = 0 and Q}l{j = B, the surpluses in the two types of matches are no less than u — bB,
which is positive under assumption (2.1). Thus, the agent always wants to trade. Part (ii) of
the Lemma states that an H holder will not trade with a partner who asks for a bribe. If the H
holder trades and offers a bribe, his surplus is u + dfr — bB + (Vo — Vi), where j € {H,L,U}
is the agent’s perception of the quality of the partner’s good. Since q‘}ﬁ < Band Vj — Vg < —c,
the surplus is no more than u— (b— 1) B — B¢, which is negative under assumption (2.2). For part
(iii), consider an agent with an H good who sees that the partner holds an L good. If he trades,
his surplus is qf;, — bQ7,; + B(Vo — Vi), where j € {H,U}. Since Vo — Vg < —c if P > 0, the
surplus is no more than B — ¢ < u/b — e < 0. Thus, zgr, = Xz = 0, as in part (iii). With

Xgr, = 0, the surplus associated with the decision x g is
(1= ) Xnuérf (u+ i — bQfw + B(Vo — V1))

To maximize this surplus, the choices (¢¢ y, ¢7 ;) must ensure §HU = 1. For 6HY =1, it is nec-

essary that ¢f ; < Q% and ¢f ; > Q%,;. Under the latter restrictions, the surplus is maximized
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by setting ¢ ;; = Q%;;- This completes the proof of Lemma A.1. QED

Next, we move to the proof of Proposition 2.1. Since P = 1 in a type a equilibrium, we can
use (2.7) to write the functional equation for Vy as follows:

(1-08)Vu = max cunXundnn (u+ gy — Q% — Be).
(wHquszanH

Agents do not request bribes in this equilibrium; i.e., Q%5 = 0. If, to the contrary, Q4 = B,
then zyy = 0 by Lemma A.1, and so Vg = 0, which violates the requirement Vi — Vi, > c.
Similarly, Xyg > 0. Given Q%4 = 0 and Q%5 > 0, an individual agent earns the maximum
surplus X g (u+QY; ; — Bc) if he chooses ¢4 = Q% and ¢¥;; > 0. This surplus is positive, and
so agents trade with probability 1; i.e., zyg = 1. Also, in equilibrium, Q%5 = ¢4y = Q% = 0.

To complete the proof we must show that it is optimal for agents to always produce H goods.
Suppose that an agent deviates to producing an L good. With P = 1, the deviator always meets
a partner who holds an H good. By Lemma A.1, he successfully trades only if the partner does
not recognize the quality of his good, and if ¢}, < Q%U = 0 and ¢, > Q%y = 0. Thus
q¢ g = 0. Substituting these conditions and (2.7) into the functional equation for Vi, yields
Vi = (1 —a)(u—pBc)/[(1 - Ba)(l —pB)]. We have VI, < Vi — ¢ if and only if a > ¢/u, in which
case the deviation is not profitable. QED

B. Proof of Proposition 2.2
We establish a series of Lemmas first.
Lemma B.1. X;; =0.

Proof. Suppose, to the contrary, that X5 > 0. We proceed through the following steps.

Step 1. Xprr > 0 in a symmetric equilibrium only if X7y > 0, Q}; = QJ, = B, and
Qiy = Q%L =0.

In a symmetric equilibrium, X7 > 0 iff xz;, > 0. From the Bellman equation, for z;; > 0,

the following expected surplus associated with the decision xy; must be positive:

aXppoit(ats — Q%) + (1 — o) Xrubiy (af L — bQ%y).

Since ¢f; —bQ%; = (1 —b)Q%; < 0 in any symmetric equilibrium, the surplus is strictly positive
only if the second term is positive, which requires that Xy > 0, ¢f;, = B < QY and Q4 = 0.

Thus, in a symmetric equilibrium Q%; = Q%U = B and Q¢ = 0. Then, ¢f; —bQ%; < 0. If
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= B, the agent can increase his expected surplus by deviating to ¢7; = 0 < , whic

9, = B, th t i hi ted lus by deviating to ¢7,; = 0 ¢ 1, which

yields 614 = 0 and neutralizes the potential loss. This cannot be an equilibrium, and so Q% =0.
Step 2. If X11, >0, Q};, = Q% = B and Qf, = Q% =0, as in Step 1, then Xy > 0 only
Let us examine the decision on z7. Recalling that X g7 = 0, the expected surplus associated

with the decision xy is

P(1— o) Xuudt (u+ gty — bQ%Yy)
+(1 = P)[eXréif(aty — bQ% L) + (1 — a) X Ludr (ahy — bQ%y)]- (B.1)

If the agent chooses (¢7;,¢%y) = (@4, Q%y) = (B,0), as in the supposed equilibrium, then

SHU = §LL = §EU = 1, and the above surplus becomes

Pl—ao)Xpy(u—0Q%y) — (1 — P)aXnrbB.

For 77 > 0, the surplus must be non-negative, which requires that Xgy > 0. If Q‘}{U = B,
the surplus in (B.1) can be increased by choosing ¢, = B rather than ¢f; = Q%; = 0: the
choice ¢¢;; = B (> Q4 ) neutralizes the loss ¢, —bQ%; by inducing §%% = 0, while maintaining
§HY = 1. Similarly, if Q% = 0, by choosing ¢7;; = 0 (< Q9,) rather than ¢, = QJ, = B,
the agent can neutralize the loss ¢7;; — bQ¢; without affecting other possible trades. Thus, for
zry > 0, we must have Q%[U =0 and Q%4y = B.

Step 3. If Xz, >0, Xz >0, Q% = Q%U =Q%y =Band QJ;, =Qy = Q‘}{U =0, as in
Step 2, then Xgy > 0 only if Xgg > 0, Q%5 =0 and Q%H = B.

With Q%U = 0, Lemma A.1 implies that Q% = 0. With Q¢ = Q% = B and Q¢ = 0,

the expected surplus associated with the choice xpy is

PoXpud i (u+ qy — bQ%y — Be) + P(1— &) X guoHY (u+ gl — bB — Be)
+(1 = P) [aXoudhf (afy — Be) + (1 — ) Xeu6 5 (g — Be)] -

Under (2.1) and (2.2), the term multiplied by (1 — P) is negative, and so is the term u + ¢%;;; —
bB — Bc. For xgy > 0, the first term in the above surplus must be positive under the supposed
equilibrium strategy (¢, ¢%) = (0, B). For this we need X > 0 and SHH = 1. For 6HH =1,
in turn, we need Q% < ¢4y =0 and Q% > ¢%y = B. Thus, Q% = 0 and QY4 = B.

Step 4. If X > 0, Xgu > 0, Q% = B, and (QY 4, Q%) = (B,0), as in Step 3, there is a
gain for an agent to deviate to ¢¥;; = 0.

With Q%45 = 0 and Q% = B, the expected surplus associated with the choice of xpp is

aXpubf (u+qfg — Be) + (1 — &) Xpubig(u+ iy — bB — Be).
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Note that Xy (u + ¢fyy — 0B — fc) < 0, for any ¢%; > 0. Since Q%; = B, this potential loss
can be neutralized by deviating to ¢¥% = 0, which induces 65% = 0. This deviation does not
change the first term of the above surplus. Thus, the deviation is profitable.

Therefore, there cannot be any symmetric equilibrium with Xrz > 0. QED

Lemma B.2. (i) Xyy = 0 implies X1y = 0 and Vi, = 0; (ii) Xgy > 0 implies Xgp > 0.
Proof. If Xgyy = 0, the expected surplus associated with the choice of xyy is

(1-P)(1 - )Xt (ahy — bQ%).

Since ¢f;; — bQ% is negative for an exchange with QQ¢;; > 0, the best the two agents in such
a match can achieve is to swap the L-quality goods and exchange no services. This yields zero
surplus. By our tie-breaking rule, there is no exchange. Thus, xr y = Xy = 0. With Xy =
Xpuy = 0, it is easy to verify that V;, = 0. To prove that Xgy > 0 implies Xz > 0, suppose
Xpgu > 0. The expected surplus associated with the choice g7 is

PaXundiif (u+ iy — bQ%g — Be) + P(1 — a) Xuudfiy (u + ¢fy — bQ%y — Be)

+(1 = P) |aXpudff (afy — bQ%y — Be) + (1 — ) X ru8hY (afy — bQ4y — Bo)]

< PaXppSHf(u+ qfy — Q% y — Be) + P(1 — o) Xpu 68y (u + qfy — bQ%Yy — Be).
The inequality follows from the fact that the term multiplied by 1 — P is non-positive under
(2.1) and (2.2). For xgy > 0, it is necessary that the above surplus be non-negative for some
(¢%us a%y)- Setting (¢%p, g% ;) to be equal to those (%, q%), the surplus associated with the

decision z gy is non-negative, and so zgg > 0. QED

Lemma B.3. There is no bribe exchanged in an equilibrium with 0 < P < 1 and Vy > 0. In
particular, (i) Q4y = QYy = Q4y = Q% gy =0, (i) Xpy = AR = AHY = ABH = ANBU =1

and (iii) Q% =0, Xpv = 1, Ay = ALY =1.

Proof. For part (i), suppose first, to the contrary, that Q% = B. As shown in the proof of

Lemma B.2, the expected surplus associated with the decision z g is less than or equal to
PaXgubdii (u+ qhy — bQ% i — Be) + P(1 — o) Xpubiy (u + q¢hy — bQ%y — Bo).

Since Xgg > 0 when Xgy > 0, with Q%5 = B, the first term is non-positive and is strictly
negative if 555 = 1. For Xyy > 0, the second term must be non-negative, and this can

be achieved in a symmetric equilibrium only if ¢%;; = Q% = 0. It is also necessary that
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¢y = Q% = 0. This is because u + ¢%; — bQ%y — Be < 0 when ¢%;, = 0 and Q% = B;
if Q% = B; a deviation to ¢, = 0 induces 457 = 0 and neutralizes this potential loss
without affecting the possible expected surplus from trading with an HU agent. However, if
Q% = Q% =0 and Q% = B, we have 65% = 0, in which case the expected surplus associated
with the decision x gy is

aXgpéH (u+ ¢4y — bB — fe) <0

This induces xgpg = 0, contradicting the result Xpgyg > 0. Thus, Q% = 0. Set Q4 = 0
and suppose, contrary to the Lemma, that Q% = B. The expected surplus associated with the

decision gy is
aXunbi (u+ ahy — Be) + (1 — ) Xuubiig (u + afy — bB — Be).

This surplus is maximized by setting ¢% 5 = Q% . Since ¢% 5 = Q%y = 0 in any symmetric
equilibrium, Q% ; = 0. With Q% = B and Xyp > 0, the expected surplus associated with the

decision zpy is strictly less than
PO(XHH(Sgg(U + 44y — Bc)

For zgy > 0, the terms (q%, %) must ensure §7H = 1, which requires ¢4, < Q%5 (= 0).
This is not possible in a symmetric equilibrium with Q% = B. Therefore, Q% = 0. With
Y = Q%y = 0, an H agent who does not know the quality of the partner’s good will secure the
trade with the partner with an H good no matter whether he chooses q%,U = 0 or B, provided that
¢y = 0. If QY,; = B, however, Lemma A.1 implies that Q% ;; = Q%,; = B, and the choice ¢¥;;; =
B would invite a trade with an L partner. That is, the term (1 — P)aXrgé5H (¢4 —bQ% 5 — Bc)
in the surplus associated with the choice z gy is negative if ¢¥;; = B and can be reduced to zero
if ¢J;; = 0. The deviation does not reduce the surpluses in other types of trade that the HU
agent might have. This shows that Q oy = 0 in all symmetric equilibria, which implies QF = 0
by Lemma A.1. Given that part (i) of the Lemma holds, the corresponding quantities of trade
imply that 628 = §HU = 1. The expected surplus associated with the decision gy is strictly
positive, and so Xgyy = 1. Similarly, 641 = §HU =
We now prove part (iii). Since Xy = Xrr = 0, and Q% = 0, the expected surplus

associated with the decision x is
HU a LU/ a a
P(1—a)Xpuory (u+qiy) + (1= P)(1 — o) Xrudry 9ty — bQLy)-

Consider the choices ¢;; = 0 and ¢f,;, = 0. Since (Q%y, Q%) = (0,0), these choices satisfy

¢ty < Q% and ¢¥; > Q% Thus, §2Y = 1, and the first term of the surplus is strictly positive.
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If Q}, = B, the choice ¢, = 0 induces 6%5 = 0 and neutralizes the second term of the surplus;
if @}, = 0, then the choice ¢7;; = 0 generates ¢7;; — bQ%,; = 0. In both cases, the expected
surplus is strictly positive, and so xry = 1. This argument also shows that ¢f; = Q% = B
cannot be an equilibrium: if Q¢;; = B, following the strategy q7;, = Q% = B would generate at
most zero surplus, which can be improved by setting ¢f;; = 0. With Q¢;; = 0 and Q% = 0, it

is immediately clear that 5]{{(5] = c%g =1. QED

Now we complete the proof of Proposition 2.2. The above Lemmas have established the
trading patterns described in the Proposition. In particular, there is no bribe exchange in any
equilibrium. With these trading patterns, we can simplify the value functions as (2.8). Then the

requirement 0 < P < 1, which is equivalent to Vi — ¢ = V1, becomes
(1—-pB)c= Pla+ (1 —a)Xgy*(u— Bc) — (1 — a)Xgy[Pu + (1 — P)3d. (B.2)
Also, the equilibrium requirement X g > 0 becomes
Pla+ (1 — a)Xgy)(u — Be) > (1 — P)fe. (B.3)

If this condition holds with strict inequality, then X gy = 1; if this condition holds with equality,
then Xy € (0,1). For the type b equilibrium, set Xyy = 1 in (B.2) to solve for P. Then, verify
the equilibrium requirements that (B.3) holds with strict inequality, and that 0 < P < 1. These
requirements are equivalent to ¢/u < a < ag. For the type ¢ equilibrium, set (B.3) as equality,
and solve this equation jointly with (B.2) for (P, Xgy). Imposing the equilibrium requirements
0<P<land0< Xppy <1yields ag < a < ag. (In fact, the requirement 0 < Xy < 1 implies
0 < P < 1 in this case.) QED

C. Proof of Proposition 3.1

Suppose that aR > B. We follow the following steps.

Step 1. Xpo =1and Ygr = 0. If Yoy = 0, then no bribes are exchanged in equilibrium.

Since bB < u, the surplus to an L agent from the exchange with a bureaucrat is positive, no
matter whether the bureaucrat recognizes the L quality. Thus, X;g = 1. Since aR > B, the
surplus to the bureaucrat in such a match is negative if he recognizes quality. Thus ygr = 0.
Suppose Yoy = 0. If either Yog = 0 or Xgg = 0, then there is no exchange between private
agents and the bureaucracy, in which case the Lemma is trivially true. Thus, let us suppose
Yor > 0 and Xgg > 0. For ygg > 0, we need Q% = 0; otherwise ¢y — bQ% - < 0, and so
yau = 0. Similarly, for zgg > 0, we need Q¢ = 0. Since Q% and Q% are both zero, no

bribes are exchanged.
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Step 2. Ygu > 0 implies Q%4 = 0 and Ygg = 1.

Suppose Yo > 0. The expected surplus associated with the decision ygy is

PXucdaf (qku — bQ% ) + (1 — P) X a5 (déy — bQ% e — aR)

< PXucdif (aby — bQ%q)-

The inequality follows from the fact that ¢¢; — bQ% s — R < B — aR < 0. Thus, for ygur > 0,
it is necessary that Xpyg > 0 and ¢&; — bQ% o > 0 for such (¢&,q%) that ¢&y < Q% and
¢ty > Q% This is impossible if Q%o = B. Let Q% = 0. The same quantities (g%, ¢%) are
feasible for the choices (g%, g%y ), which yield a non-negative expected surplus for the choice
yar- Thus, youg = 1.

Step 3. If You > 0, then Q% = Q%y =0, and QY = Q% = B.

Suppose Yoy > 0. Then the best choices for an L-agent in a match with a bureaucrat are
¢t = Q% and ¢f o > Q% If &y = 0, this demand can be met by the private agent, yielding
5@% = 1. In this case, the surplus associated with the choice ygy is strictly negative, contradicting
the supposition Yoy > 0. Thus, ¢&, = Q%&y = B in equilibrium, which implies QJ, = B. If

% = B, then Q% = ¢4 = B from the decision on ¢%.. Again, this generates 655 =1and a
loss to the bureaucrat in an exchange with an L agent. By deviating to ¢%; = 0 (< Q% = B),
the bureaucrat can induce 6@% = 0 and neutralize this loss. The deviation does not reduce the
chance for the bureaucrat to exchange with an H agent since (%, = 0 as shown in Step 2.
Therefore, in equilibrium it must be true that Q%U = 0, which induces Q¢ = 0.

Step 4. If Yoy > 0, then Q¢ gy = Q%IG = 0, which yields a contradiction.

With Yo > 0, we have Q¢ = B, as shown in Step 3, and so u + %5 — bQ%; — Bc < 0. The
expected surplus associated with the choice of x ¢ is at most aYGH(SIG{g (u+ gt — Q& — Be).
Since Ygg = 1 when Ygy > 0, the above surplus is strictly negative if Q¢ = B. This would
imply e = 0, which has been shown above to be inconsistent with trade between the private
sector and the bureaucracy. Thus, Q% = 0. Next, notice that when Q¢ = 0, the best choice
of qi{lG for a private agent holding an H good in a match with a bureaucrat is q%G = 0. This is
because the private agent in such a match gets a positive surplus from trade when the government
recognizes H, and a loss when the government does not recognize H. The choice q%G =0< Q¢&y
keeps the possible gain and neutralizes the possible loss. In contrast, the choice qlgLIG = B invites
trade in both cases and reduces the expected surplus. Now that Q%G = 0 < ¢y, the surplus
associated with the decision yqy is strictly negative, contradicting the supposition Ygy > 0. This

completes the proof of the Lemma. QED

37



D. Proof of Proposition 3.2

Consider a bureaucrat’s decision on ygr. Given QY. = B and Q% = 0, the surplus associated
with ygr is XLGcSé%qéL, where ‘%CL; =1iff ¢4, < QJs = B and ¢%; > Q}, = 0. By choosing
the supposed equilibrium quantity g¢; = Q¢; = B, the bureaucrat obtains a surplus X B; if he
deviates to g¢; = 0, the surplus is 0. Since X = 1, there is no incentive for the bureaucrat to
deviate from the equilibrium choices ¢&; = B and ygr, = 1. Also, following the equilibrium choice
qé L= Q% ;, = 0 is not dominated by other choices (although q% ;, = B yields the same surplus).
Similarly, consider a bureaucrat’s decision on ygy. Since Q%o = Qio = 0, max{Q%q, Qfc} =
0 < ¢y Also, ¢&y < B = Q5. Thus 658 = 1 for any choice ¢4, gl € {0, B}. Noting
that Xypg = 1, as supposed in the equilibrium, the surplus associated with the choice ygy is
PngéggqéU + (1 — P)g¢y- This is 0 if the bureaucrat chooses to deviate to ¢&;; = 0. If the
bureaucrat adheres to the supposed equilibrium strategy ¢¢;; = Q¢ = B, the surplus is at least
(1-P)B > 0. Thus, g% = B and so ygu = 1, as in the supposed equilibrium. Like the quantity
qg 1, the decision qu = 0 is consistent with the bureaucrat’s incentive, but ngU = B yields the
same surplus. Next, consider a private agent’s decision on xyg. With Ygr, = Ygr = 1 and the

quantities (Q&}, Q%) = (B, B), the surplus associated with z¢ is
abfl(u+qtq —bB) + (1 — a)676 (u+ i — bB).

Since Q% = Q%y = 0 and Q% = Q& = B, the above surplus is zero if either ¢f, = B or
¢} o = 0. In contrast, if ¢}, = 0 and g7, = B as described in equilibrium, then 6% = 6¢Y =1,
and the surplus is u —bB > 0. Thus, ¢}, =0, ¢} , = B, and z1 = 1. Finally, consider a meeting
between a bureaucrat and a private agent with a (known) H good. Given that Q%,, = Q%4 =0,
clearly the choices ¢&y = ¢y = 0 maximize the bureaucrat’s surplus associated with ygy and
vield yog = 1. Given Q% = Qg = Q% =0, Q% = B and Ygu = You = 1, the choices
4%a = qhe = 0 yield §GH =1, 69U, = 0, and a surplus a(u — Bc) > 0 for the private agent
associated with the choice xpg. A deviation to ¢%, = B reduces the surplus to 0. A deviation

to ¢ = B induces 6%Y, = 1 and reduces the surplus to
a(u—pFec)+ (1 —a)(u—(b—1)B — fec) < a(u — Be),

where the inequality follows from (2.2). Thus, the optimal choices for the private agent in such

a meeting are q¥5 = q%G =0and zgg = 1. QED
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The equilibrium with bribery exists if aLy(B) < a < aHy(B),
The equilibrium without bribery exists if oL, (B) < a < aHy(B).

Figure 1. Co-existence of equilibria
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Figure 2a Dependence of welfare on o
o: fraction of newborns who are bureaucrats; BB: a fixed size of bribe;
Vo: private agent’s value function; Viz: bureaucrat’s value function;
b (n): subscript for the equilibrium with bribery (without bribery);
P: prob. for a private agent to produce high-quality goods; h: prob.
for a private agent holding a high-quality good to get a high-quality
good in exchange; G: stationary size of the bureaucracy.
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Figure 2b Dependence of P and h on o
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Figure 3a Dependence of welfare on o
a: prob. of recognizing a good’s quality; BB: a fixed size of bribe;
Vo: private agent’s value function; Viz: bureaucrat’s value function;
b (n): subscript for the equilibrium with bribery (without bribery);
P: prob. for a private agent to produce high-quality goods; h: prob.
for a private agent holding a high-quality good to get a high-quality
good in exchange; G: stationary size of the bureaucracy
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Figure 3b Dependence of P and h on «
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