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Abstract

The author describes a model with a corrupt banking system, in which bankers knowingly lend at
market interest rates to back projects riskier than the market rate indicates. Faced with early
withdrawals, bankers turn to an interbank market, which may be available in an unfettered way,
available but subject to screening, or unavailable. The presence of corruption increases the
probability of contagious bank failure significantly. This fact holds in a perfect information
environment, as well as in some environments with imperfect information. The model suggests
that financial stability can be imperilled by corrupt lending.

JEL classification: D82, G19, G21
Bank classification: Financial institutions; Financial stability

Résumé

L'auteur décrit le modéle d'un systeme bancaire corrompu ou les banquiers prétent
intentionnellement des fonds au taux du marché pour financer des projets plus risqués que ce n'est
normalement le cas a un tel taux. Face au retrait précoce de dépéts, les banquiers se tournent vers
le marché des préts interbancaires, lesquels peuvent étre accordés sans restrictions, avec
restrictions ou ne pas étre accordés. La corruption amplifie nettement le risque de propagation des
défaillances bancaires. Cela est vrai dans un contexte ou on dispose d’information compléte et
dans certains ou l'information est incompléte. Selon le modéle, la stabilité financiere peut étre
compromise par des pratiques frauduleuses en matiére de préts.

Classification JEL : D82, G19, G21
Classification de la Banque : Institutions financieres; Stabilité financiéere






1. Introduction

Interbank contagion! is the root of many recent banking crises. Anecdo-
tal evidence from countries that have experienced such crises suggests that
some banks engaged in “corrupt” lending practices and that these practices
may have exacerbated the contagion problem.? Bank managers lent money
on favourable terms to corporations “connected” to the bank. Are lending
practices of this sort corrupt? A literature started by Rajan and several of
his co-authors® suggests that banks lend to connected firms on better terms
because these loans are easier to monitor and have a higher probability of col-
lection. Laeven (2001) and La Porta, Lopez-de-Silanes, and Zamarripa (2003)
document the extent of connected lending practices in Russia and Mexico,
respectively. They find that loans to connected parties enter default more
frequently and have lower collection rates than loans to non-connected par-
ties. I thus define a loan as corrupt® if four conditions hold. First, the loan is
to a connected party. Second, the loan is made on favourable terms. Third,
the bank does not possess superior information that justifies the favourable
terms on which the loan is made.® Fourth, prior to granting the loan, the
bank’s loan office is aware that the other three conditions hold.”

IThe first reference to contagion is by Friedman and Schwartz (1963, 308) who refer
to a “contagion of fear [that] spread among depositors.” I follow the definition of Allen
and Gale (2000, 2): “[Contagion occurs w]hen one region suffers a bank crisis, the other
regions suffer a loss because their claims on the troubled region fall in value.” In their
definition, geography is a metaphor for markets segmented by other factors, making the
definition applicable to this paper.

2The World Bank defines corruption as “the use of public office for private gain”
(Huther and Shah 2001, 1). A generous reading of the words “public office” includes
the office of a bank manager, even at a privately owned bank.

3See, for example, Diamond and Rajan (2001) or Petersen and Rajan (1994).

*Some other papers discuss Thailand (Charumilind, Kali, and Wiwattanakantang
2003), the Baltic States (Bakker, Chu, and Fleming 1996), Russia (Gnezditskaia 2003),
Bulgaria (Nenovsky, Peev, and Yalamov 2003), and Turkey (Hebb, Iscan, and Soral 2004).

5 “Related lending” and “connected lending” are terms that have a slightly negative
nuance in the literature. The term “relationship lending” has a strong, positive nuance. I
use the term “corrupt lending” to convey a nuance as strong as that conveyed by the term
relationship lending, but in the opposite direction.

0These justifications are typically grouped under the rubric of “relationship lending.”
Drucker and Puri (2004) suggest that superior information may come from having issued
previous loans or from having underwritten securities.

"Without awareness, the “corrupt” loan is just mispriced risk, misperceived risk (Borio
2003), or moral hazard (Park 1994).



There are several reasons why a bank manager might extend a corrupt
loan. First, the manager might receive a bribe from the borrower. Laeven
(2001) shows that, even if shareholders can fire the manager when the cor-
ruption is discovered, managers choose to make corrupt loans if the payoffs
to doing so are high or the probability of detection is low. Second, the man-
ager might be obliged to lend to companies owned by the bank’s majority
shareholder. In this case, the manager’s private benefit is job retention, to-
gether with other benefits. Business traditions require that these loans be
made. Third, a bank manager might lend to someone with political power:
either an elected official or a high-ranking bureaucrat. Even if the manager
receives no explicit benefit at the time of the loan, the manager might hope
for future benefits.®

The question this paper asks is the following: given that corrupt loans ex-
ist, are they a quantitatively significant determinant of interbank contagion?
In asking this question, this paper breaks new ground; the literature has ad-
dressed interbank contagion’ and corrupt lending practices'’ separately, but
not the interplay between the two. Because this paper’s focus differs from
that of the previous literature, it does not model the rationale for corrupt
lending explicitly.

The essence of the model is as follows. The banking system consists of
many small banks and a large bank. Small banks lend to small firms and
take demand deposits from individuals. The large bank sells time deposits to
large firms. It invests the proceeds in the government bond market and the
interbank loan market.!! Demand deposit interest rates are high (because
small bank deposits are risky), but time deposit rates are low.

Small banks invest in lucrative but risky projects.!? Each small bank

8Charumilind, Kali, and Wiwattanakantang (2003, 3) argue that political connections
are an essential part of connected lending in Thailand. Nenovsky et al. (2003, 2) make a
similar point for Bulgaria.

9For a good survey of the corruption literature, see Furfine (2003).

10Boone et al.’s (2000) paper on tunnelling provides a fascinating look at legal ways that
a company can be stripped of its value to benefit the majority shareholder at the expense
of the minority shareholders.

1T assume this scheme of interactions between market participants. That is, small banks
do not deal with large firms; the large bank does not deal with small firms. While these
assumptions are extreme, they reflect the fact that small banks more readily collect “soft”
information. In reality, small banks deal primarily with small firms, but assuming that
they do so exclusively simplifies the analysis.

12The roles of the small banks and the large bank in this model mirror those observed



makes one corrupt loan.'® The interest rate charged on this loan is the same
as on all other loans. Since the project underlying this loan is riskier than
the others, the risk of the loan is underpriced.

When depositors of the small banks withdraw, the small banks turn to
the interbank market. The large bank may screen some interbank loans;
whether it does so depends (in part) on the cost of screening. Legislation
in the economy under study specifies that if a small bank cannot pay back
its interbank loan in full, it must do so partially, even at the cost of not
paying depositors. That is, its liabilities in the interbank market are senior
to its deposit liabilities."* Even so, small banks may be forced to default
on their liabilities in the interbank market. The presence of corruption may
increase the probability of the small banks defaulting on loans from the large
bank. This, in turn, may cause the large bank to default on its obligations
to its depositors and fail. In this model, I define contagion as several small
bank defaults that collectively lead to the failure of the large bank.'® Thus,
corruption cannot create contagion, but may exacerbate it. This echoes the
comment in La Porta, Lopez-de-Silanes, and Zamarripa (2003, 262) that
“The best way to reduce the fragility of financial systems may be to reduce
the importance of related lending.”

by Berger et al. (2002, 3). The fact that small, risky projects are financed by bank loans
(instead of resorting to capital markets) accords with evidence presented by Cantillo and
Wright (2000, 1).

BTmplicit in this assumption is the fact that the corrupt contract is (self-)enforceable.
That is, given the bribe or threat made to induce the corrupt loan, the bank manager
does not renege on the promise to extend it. Lambsdorff and Schinke (2002) suggest
that the enforcement of contracts to engage in corrupt behaviour may be difficult. They
suggest that, in the absence of side-payments, repetitive deals with the same firms and
other reputational devices are probably required for the corruption to occur.

M Freixas, Parigi, and Rochet (2003, 10) suggest that this seniority scheme is possible.
As a practical matter, in common law countries, unsecured interbank loans have the same
seniority as deposits. In order for the seniority assumption I make to be feasible, two
conditions must hold. First, there must be a government securities market. Second,
there must be a transfer mechanism so that loans can be secured. Fully incorporating
these conditions into the model would require complicating the model significantly. In
the background, one may picture the loans from the large bank to the small bank as
being buy/sell arrangements (repo’s) and thus constituting secured loans senior to bank
deposits.

15This is a stylized definition of contagion. Because all small banks are presumed to be
identical in size and preferences (and, consequently, actions), no interbank market would
exist unless a lender with different characteristics (such as those of the large bank) were
active in the interbank market.



There are several possible interpretations of the model described above.
The classical interpretation points to a banking system like that of the United
States, in which there are small, regional banks and large “money-centre”
banks. But there is nothing in the model that requires the large bank (and
its depositors) to be based in the same country as the small banks. If the large
bank were based in a developed country and the small banks were based in
a developing country, one could reinterpret the model within the paradigm
of international financial contagion. This second interpretation makes the
model potentially relevant to a larger set of policy-makers.

The rest of this paper is organized as follows. Section 2 explains the
model environment. Section 3 specifies the games and its subgames. Sec-
tion 4 defines an equilibrium. In section 5, I solve the model numerically.
Sections 6 through 8 explore the consequences for the equilibrium of differ-
ing assumptions about the information shared by the actors in the model.
Section 9 offers some conclusions.

2. The Model Environment

This is a three-period, partial-equilibrium model of a solvent banking
system. The banking system consists of many small (retail) banks and a
large (commercial) bank. The choices of the banks and other actors in the
model are detailed in the following subsections.!®

2.1 Depositors

In the tradition of bank-run models that follow Diamond and Dybvig
(1983), individuals deposit at a bank because its contract offers higher utility
than autarkic self-finance. I depart from this literature in three ways. First,
the number of depositors at each small bank, J, is small.!” Second, no
depositor has an urgent need for liquidity. Withdrawals in period 1 are
purely strategic, motivated by the possibility of bank runs and the fear of

16Tables 5 through 7 list the variables used in the paper.
17This assumption simplifies equilibrium calculations and affects the types of possible
equilibria. See section 5 for more discussion.



corruption.'® Third, depositors are risk neutral.!®

Depositors’ choices resemble those of the Diamond-Dybvig literature—
whether to deposit and when to withdraw. Consider the deposit decision.
By depositing, each depositor eschews the zero net interest rate payable on
(mattress) storage. Thus, if an individual expects to receive a positive net
return, that individual will deposit at a small bank.

Depositors may withdraw in period 1 or in period 2. Let x;, be the
decision of the i*" depositor of the m'" bank, where z;,, = t (mod 2) indicates
a withdrawal in period t. The payoff function for depositors is Vi (Zim, *)-
Depositors choose x;, to maximize the expectation of this payoff function,
details of which are given in the appendix. Let z},, represent the optimal

J#i
choice. Then, w_;,m = >, Zjm and wy, = > Zjm. In equilibrium, since

all banks are identical, it will be possible to drop the “m” subscript. Thus,
w*,; and w* denote the equilibrium equivalents of w_; ,,, and wy,,, respectively.

2.2 Firms

There is a countable infinity of small firms, indexed on the unit contin-
uum. Every small firm has a single project requiring one dollar in period 0.
The firm observes the success or failure of the project in period 1, but full
returns to successful projects are unavailable until period 2, the last period
of the model economy. Each project has a success probability, #; project
successes are mutually independent events. Firms may thus be distinguished
by their particular value of §. The return to the firm on the project (net of
returns to entrepreneurial services), R (6), is inversely related to the proba-
bility of the project’s success.?’ If a successful project can be liquidated in
period 1, the returns are limited to yR(#). I do not model the distribution of

18That withdrawals are purely strategic eliminates the need for financing the deposit
contract both by loans and by a risk-free asset.

19The assumption of risk neutrality also simplifies calculations. In addition, if there are
states of the world in which some depositors receive zero dollars, implementing a risk-
averse utility function becomes tricky, since most of these functions “behave badly” in the
neighbourhood of zero. For an example of a function that overcomes this problem, see
Solomon (2003).

20Geveral regularity conditions add structure to the small banks’ maximization problem:
R () <0, R"(#) <0, R(0) >0, and R(1) < |R'(1)]. These conditions suffice to ensure
that the expected return function, R (6), has a unique interior maximum.



0 explicitly, but assume that it has sufficient mass at such projects to which
banks willingly lend that credit rationing is not required. I also do not model
the activities of large firms, because these activities are not central to the
model. Large firms purchase two-period time deposits from the large banks
and are “satisfied” with the return.

2.3 Small banks

There are M identical small banks in the economy. Each of J depositors
brings 1 — K dollars to a bank. Each bank also has capital of JK.2! T do
not model the small banks’ choice of deposit contract. To simplify, I impose
an exogenous (simple interest) contract common to all banks, denoted rp.*?
Competitive considerations also require all banks to finance their deposit
obligations identically.

Banks have two choices: to which firms to lend and how much to lend.
Since all loans are one dollar each (a simplifying assumption) and each bank
has J dollars to lend, each bank must choose A, the number of loans to make,
where A € Z; = {0 < z < J|z € Z} . I assume that unlent funds are storable
at no cost. For each of the loans, the bank must choose 6, the riskiness of
the loan. The interest rate on the loan is R (0).

Until this point, I have considered banks to be monolithic, as if the in-
terests of managers and owners were aligned. This cannot be the case, since
corrupt loans are suboptimal for the owners of the bank. To justify the ex-
istence of corrupt loans, I assume an agency problem between the owners of
the banks and their management. Owners choose both A and R (). That
is, the owners set the interest rate policy and the loans policy. Managers,
however, must find the firms to which to lend. I denote the objective func-
tion of the owners as Vs; details are given in the appendix. So long as the

2IThe capital requirement is critical. Below a given level of bank capital, there is
disintermediation in the interbank market. In requiring that loans be financed both by
deposits and by bank capital, I respond to the critique that Dowd (2000) levels against
most models of the Diamond-Dybvig type.

22Tn Diamond and Dybvig (1983), the bank chooses the deposit contract but the returns
on its investment are exogenous. In this paper, I reverse the situation. Banks offer a fixed
deposit contract but choose how to fund it by lending. By keeping the deposit contract
fixed, I focus on the financing of that contract. Note that the contract has a simple form
(rp), in which depositors arriving in period 1 receive either rp or 0 and depositors arriving
in period 2 receive either 2(rp — 1) +1 or 0. For a discussion of the properties of this
contract in a risk-averse environment, see Solomon (2003).



managers charge the interest rate R (), the owners cannot easily determine
that the managers are extending optimal loans or corrupt loans.?® Since I do
not model the benefits to the manager of extending the corrupt loan (say, the
bribe), or the potential costs of making the corrupt loan, I cannot determine
the “optimal” level of corruption. I assume that each small bank manager
extends exactly one corrupt loan, with success probability 8 < 6*, where
0" is the Nash equilibrium value of € (chosen by the bank owner), charging
interest rate R (67).

2.4 The large bank

The risk-neutral®* large bank has two choices: the interbank interest rate,
r7,2° and its lending policy. Since each small bank has J depositors, small
banks demand loanable funds in J discrete amounts, each one corresponding
to a different number of individuals withdrawing during period 1. Consider
a loan that is used to satisfy liquidity demands of i depositors as a loan of
size i. A lending policy is a function ¢ € & : Z; — {E, N, S}, where E
designates a loan extended without screening,? N designates the case where
no loan is extended, and S designates a loan extended but with screening.?
Screening carries a fixed cost, ¢; the large bank may choose to screen loans
of some sizes and not to screen loans of other sizes. The large bank chooses

¢ and r; to maximize its objective function, V7 ; details of this function are

23In this model, corrupt loans are loans whose risk is mispriced. While only deliberate
mispricing of risk would constitute corruption, I ignore this distinction, since managers’
choices are exogenous in this framework.

24 Allowing the large bank to be somewhat risk-averse does not change the qualitative
results of the model.

25In theory, it is possible for the large bank to set a different interbank interest rate for
loans of different sizes. For screened loans, third-degree price discrimination is possible.
But if loans are not screened, the interest rate function collapses to a single point—the
cheapest cost of interbank funds—with small banks either combining or dividing their
loans to fit their actual needs.

261f the large bank screens loans of a given size, it invites all small banks interested in
loans of that size to pay a screening fee. The large bank then examines the balance sheet of
the small bank and determines whether the potential loan is profitable. If the large bank
extends the loan, it refunds the fee. In equilibrium, a small bank whose balance sheet is
sufficiently poor so as not to merit the loan does not pay the fee to have its balance sheet
examined. The screening fee thus plays no role in equilibrium.

27 A lending policy thus specifies what the large bank would do in many states of the
world that may not occur in equilibrium.



given in the appendix.

Government bonds pay r, if held for one period.?® Large bank deposits
must be repaid in period 2 at rate r; < (rg)2 . The deposit liabilities of the
large bank are (1 — K) A. The large bank also has capital of K A, so it can
invest up to A in the interbank market and the government bond market,
combined. In period 0, the large bank purchases one-period government
bonds. In period 1, it lends M LA* to small banks and reinvests the unlent
portion, A — M LA*, in more one-period bonds.? The large bank chooses
its interest rate and lending policy in such a way as to equate the return
to investing in the interbank market with that of investing in government
bonds.

The large bank does not lend directly to the small firms. Since I impose
this condition directly, this model has a segmented-markets flavour. But,
given the riskiness of lending to small firms, this is not a choice the large
bank would likely make.

3. The Game

The model contains a game of complete and perfect information according
to the definitions of Harsanyi (1967, 163). In this section, I discuss the
informational requirements of the game, explain the order of play, and define
several subgames. The definition of equilibrium is reserved for the following
section.

3.1 Common information

Before any choices can be made, all players—the large bank, the small
banks, and their depositors—must learn the values of a set of constants C' =

{A,% J,K,M,R(0),rp,14,0, é} . If all players have “common knowledge”

of C' and the rules of the game, the game satisfies Harsanyi’s conditions. To
explore the realism of this assumption, partition C' into Cp,Cs, and Cl,

where Cp = {A, K, M,rp,1,}, Cs = {7, J,R(0)}, and Cyy = {e,é} .

28 Minimum investment restrictions on government bonds guarantee that only the large
bank can purchase them.

29LA* is the value of LA, the amount lent per bank, when all decision makers play
equilibrium choices. Details of LA are given in the appendix.



The elements of Cp are publicly available. The large bank publishes its
assets, A, in its annual report. Statutory requirements fix bank capital, K.
The number of banks in the economy, M, can be obtained by counting. The
interest rate, rp, is a published deposit contract. Finally, r, is a matter of
public record, typically reported in the media.

The elements of C'g are semi-public. The number of borrowing firms per
bank, J, can be observed indirectly, since there are M .J small firms operating
in the economy and M banks. The parameter v is technological and common
to all small firms. It could be observed over time by depositors, small banks,
and the large bank. Over time, players could observe R (6), the returns to
lending to firms in an optimal way; this parameter is also technological. The
function R () is unobservable, since small banks choose no points other than
0" in equilibrium.

The elements of Cy are private. The riskiness of the loans 6 and 6 is
private information for small banks.

To create a game of complete and perfect information, I assume’ the
following:

Assumption 1 A business-oriented newspaper publishes information about
productivity, v and R (0%), as part of its periodic “survey of the local econ-
omy.” It also counts the number of banks and the number of small firms, so
that everyone knows J and M.

Assumption 2 Small banks reveal 6%, 0, and the fact that there is exactly

one corrupt loan.

3.2 Order of play

The following events occur in period 0 (in order):
(i) All players learn C.
(i) The large bank chooses®' ¢ and r;.
(iii) The small banks select A and 6.
)

(iv) Depositors decide whether to deposit and they choose x;,,. Large firms
purchase time deposits at large banks.

307 relax some of these assumptions below.
31 All choices are publicly visible, so this is a sequential-equilibrium game.
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(v) Small banks combine deposits and capital, lending part or all of it to
small firms. Large banks purchase one-period government bonds.

The following events occur in period 1 (in order):

(i) Small banks learn whether the projects they financed have succeeded.
(ii) Some depositors may withdraw from their small banks.

(iii) Small banks meet the demands of their depositors by a combination
of retained funds, early liquidation of loans to small firms (if possible),
and borrowing from the large bank (if possible). If they cannot meet
their depositors’ demands by paying them rp (1 — K) w, they pay the
depositors proportionately and close their doors.

The following events occur in period 2 (in order):

(i) Unliquidated loans to small firms mature; small firms pay interest to
the small banks.

(ii) Small banks repay any loans they have taken from the large bank (if
possible).

(iii) Small banks pay their depositors (if possible). If any small bank cannot
pay its depositors [2 (rp — 1) + 1] (1 — K) (J — w), it fails.

(iv) The large bank pays its depositors, if possible. If it cannot pay its
depositors r;, (1 — K) A, it fails.
4. Equilibrium

I solve for the subgame perfect Nash equilibrium of the game, if it exists.?

32A profile of strategies is subgame perfect if it induces a Nash equilibrium in every
subgame (Mas-Colell, Whinston, and Green 1995, 275).

10



Definition 3 A strategy vector (¢*,r, A*, 0", x*) is a subgame perfect Nash
equilibrium if the following conditions hold:

(i) The vector x* is a Nash equilibrium of the depositors’ subgame. There
18 no depositor i and withdrawal plan z;, such that E [VD (:i:i, T, )} >
E[Vp (x},)]. Then, wf is the aggregator of 7.

(ii) The small bank has no profitable deviation, either in terms of interest
rates or in terms of quantity of funds lent. There is no 6 or \, such that
E Vs (0.0,07,2)] > BVs (0%, X", w,)].

(iii) The large bank has no profitable deviation, either in terms of in-
terest rates or in terms of screening policy. There is no v or g%, such that

E [VL (g%, f‘I,Q*,)\*,w*ﬂ > BV (¢%,r%, 6%\, w*)].

Definition 4 A strategy vector is individually rational if E [Vp (x},-)] > 1—
K and if E[VL (¢, 1}, 05, X, w*)| LA™ > r,.

I consider only subgame perfect Nash equilibria that are individually ra-
tional.
Lemma. In all subgame perfect Nash equilibria, \* = J.

Proof. See the appendix. m

Because small banks have potential access to the interbank market, there
is no need for them to hold excess reserves; all loanable funds are lent in
equilibrium.

5. Numerical Solution

Closed-form solutions for this model cannot be obtained, in part because
the model has many discrete variables.?® I calibrate the model and solve it
numerically. Table 1 summarizes the parameterization.

Data drive most of the parameterization. First, since § = 0.5 and 6* =
0.82, corrupt loans are 35 per cent riskier than non-corrupt loans to unrelated

33If one allowed the number of depositors and borrowers from a given small bank to
become infinite, the results reported in this and subsequent sections would unravel, be-
cause the banks can rely on the “law of large numbers” to anticipate the number of early
withdrawals and loan failures. The results therefore depend on the discreteness of the
parameter space for (s,w). I interpret this as corresponding to imperfect diversification
of loan portfolios by banks in the real world.

11



parties. Second, since J = 3, one in three loans is corrupt. These two figures
match approximately the empirical observations made by La Porta, Lopez-
de-Silanes, and Zamarripa (2003, 248) about Mexico. Third, the capital
ratio, K = 0.08, mimics the average capital ratio in Basel I. Fourth, ¢ =
0.03, which is inferred from data related to screening costs.** I do not choose
the size of the banking system (one large bank with assets of $54 and 50
small banks with assets of $3) to match any particular country.

The optimal policies are reported in Table 2.3 The probability of the
large bank failing if there are corrupt loans is denoted Pr fc. The variable
Pr fnc denotes the probability of the large bank failing if the corrupt loans
cannot be liquidated early, but these loans are as likely to succeed as the
non-corrupt loans.

The probability of the large bank failing absent corruption is very low: less
than one in a million. The monthly probability of bank failures in the United
States®® was about the same during the 1990s. One may interpret the no-
corruption regime as representing a banking system with strong surveillance
and “prompt corrective action,” such as the United States. By contrast, the
probability of the large bank failing with corruption is more than 250 times as
large! This is the model’s key result: a relatively small amount of corruption
has a large impact on contagion risk.

Several other results are noteworthy. In equilibrium, small banks make
three loans; of their three depositors, only one withdraws in equilibrium.?”
As a result of the optimal choices by depositors and the large bank’s optimal
screening policy, no screening occurs in equilibrium. When the large bank
does not screen its loans to the small banks, it prices the risk of default into

341 examine 135 countries who reported lending and deposit rates in 2001, drawing data
from the International Monetary Fund’s International Financial Statistics. The average
spread in developed countries is 3.83 per cent, but the global average is 8.42 per cent. If
screening costs are a large fraction of the spread, then setting the screening cost to $0.03
is conservative for most countries.

35The equilibrium is robust to varying the parameters somewhat. In particular, the
numbers in square brackets in Table 1 denote ranges for which the equilibrium is substan-
tially similar to that reported in Table 2.

36T computed this using Federal Deposit Insurance Corporation data, 1994-2003.

37The Nash equilibrium is not unique. Suppose that the three depositors at a particular
small bank are named A, B, and C. There are three equilibria, one in which A is the
sole withdrawer, one in which B is the sole withdrawer, and one in which C is the sole
withdrawer. But from the perspective of a small bank, there is a unique equilibrium
aggregator, w* = 1.

12



the terms of the loan. Since there is only one large bank, it has monopoly
power and sets terms in the interbank market accordingly. In equilibrium,
the individual rationality constraint for depositors at small banks binds; the
seniority of interbank loans to deposits effectively passes on the costs associ-
ated with this risk premium directly to depositors.

Are any particular assumptions in the model environment driving the
results? The assumption that each small bank makes exactly one corrupt
loan is made without loss of generality. If some fraction of the small banks
made exactly one corrupt loan and the remainder made no corrupt loans,
only the equilibrium interbank interest rate would be affected, assuming that
banks remained indistinguishable. If corrupt banks became identifiable, cor-
rupt banks would have to offer a better contract to depositors to satisfy
their individual rationality constraint. This would be a separating equilib-
rium, in which the large bank charges different interest rates to corrupt and
non-corrupt banks. Neither of these possibilities overturns the result that
corruption exacerbates contagion.

A somewhat more troubling assumption in the model is that the large
bank has no alternative investment opportunities with which to diversify its
risky portfolio of interbank loans. Clearly, the large bank lends because it
is profit-maximizing to do so. Nevertheless, a “real-world” large bank might
try to hedge its risk by creating a financial instrument whose best payoffs
coincide with small bank defaults. The incompleteness of markets makes
contagion more potent.

The assumptions about information are also somewhat troubling. Sec-
tions 6, 7, and 8 examine versions of the model where these assumptions are
weakened.

6. Alternative Informational Assumption (I)

The results in the numerical example above depend on Assumptions 1
and 2. In this section, I replace Assumption 2, which is unrealistic, with
something weaker, and examine the consequences for the banking system.
In particular, I explore what happens if depositors and the large bank are
uncertain about the number of corrupt loans, even though the number of
corrupt loans per bank remains one, the same number as in the base case.®

3% Agents’ ignorance about the true state of corruption at each bank can also be inter-
preted in a heterogeneous corruption context.
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Let k denote the number of corrupt loans at each bank.

6.1 Beliefs of depositors and the large bank

Definition 5 A belief,*® B = (bg, by, b, b3) € [0, 1]4, is a set of subjective
probabilities regarding how many corrupt loans each bank has extended. In
particular:

Pr(k =0) = by,
Pr(k=1) =10,
Pr(k = 2) = by,
Pr(k = 3) = bs,
such that bo + by +by+ b3 =1. (1)

I restrict the analysis to “reasonable beliefs,” that is, probability distri-
butions whose greatest mass is centred at the true level of corruption, x = 1:

bs = 0, (2)
b < by, (3)
by < by (4)

Assumption 3 All agents know 0* and 0. While the true number of corrupt
loans at each bank remains one, this is private information for the bankers,
which they cannot credibly reveal. Beliefs about corruption at small banks
can be summarized by B and conditions (2) through (4); these beliefs are
commonly held by depositors and the large bank. Furthermore, the small
banks are unaware that depositors and the large bank have belief B.

Assumption 3 replaces Assumption 2 for the rest of this section. The
definition of Nash equilibrium above is modified to take into account the
(erroneous beliefs) of the large bank and the depositors of the small banks.
In particular, depositors maximize Z B (k,A\) Vp (K, A, -) and the large bank

K

maximizes ZB (k,A\) VL (K, A, -), choosing f, r7, and ¢, respectively. The

K
small banks continue to choose A, thinking that x = 1 is common knowledge.

39Note that beliefs are not updated in this game, since it is played only once. In
a repeated game context, depositors might learn that x = 1, but such learning might be
slowed by the failures of small banks. The large bank might learn that kK = 1 by conducting
surveys of small-bank depositors immediately prior to each play of the game.
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6.2 Numerical results

I consider three beliefs of the type B: (0,0.895,0.105,0), (0.2,0.615,0.185, 0),
and (0.4,0.5,0.1,0). If b; = 0, depositors and the large bank believe that
small banks have extended at least one corrupt loan. This view is more pes-
simistic than the full-information view. If b; = 0.4, depositors and the large
bank essentially believe that small banks have extended at most one corrupt
loan. This view is more optimistic than the full-information view. One may
interpret the neutral belief (b; = 0.2) as approximating the full-information
view with uncertainty.*’

For each of the three beliefs, I examine the optimal policy conditional
on choosing ¢ = (E, N, S)" and the optimal policy conditional on choosing
¢ =(S,5,95). In the full-information case, ¢* = (F, N, S). The “next-most-
successful” policy (before imposing screening costs) is ¢ = (5, 5,.5). I also
include the disintermediation case, ¢ = (N, N, N) for comparison purposes.
Since the solution is more difficult to obtain in a game of imperfect informa-
tion, I restrict my calculations to these three policies. Table 3 reports the
results.

To compute the optimal policy, it is necessary to define a “score” function
that allows comparisons across policies. The score is the large bank’s ex-
pected return less screening costs incurred, if any. The policy ¢ = (E, N, S)
is “optimal” for all three beliefs. Table 4 reports the scores for different
policies and beliefs.

Under all three beliefs, the values of w* and A\* are unchanged from their
full-information optimal values, 1 and 3, respectively. By construction, the
probabilities of the small banks causing a contagious bank failure of the large
bank are the same as they were in the full-information case, since the true
distributions of project failures are unchanged. That is, the presence of cor-
ruption still makes the large bank’s failure 250 times more likely. In this
uncertain case, the interbank interest rate rises as agents’ beliefs become
more optimistic. The change to the interbank interest rate is the only differ-
ence between the full-information equilibrium and this imperfect-information
equilibrium.

40The expected number of corrupt loans for the pessimistic, neutral, and optimistic
beliefs are 1.105, 0.985, and 0.7, respectively.

41 The notation ¢ = (z1, 22, z3) for any values of z is equivalent to ¢ (1) = 21, ¢ (2) = 22,
and ¢ (3) = z3.
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7. Alternative Informational Assumption (IT)

It is also possible that the depositors and the large bank are uncertain
about 6%, the probability of a project succeeding, if it underlies a non-corrupt
loan. The variable 6 could potentially take any value between 0 and 1.
Consider the case where 6 is known to be 0.5 and & is known to be 1, but
depositors and the large bank are uncertain about 6. Since H and R are

continuous in 8%, define 6,,;, implicitly by Vp (gb*, i, A %0, é) > (1-K)

iff 0 > 0:n.*2 Let g be the belief of depositors and the large bank about 6*,
with support [fmin, 1] .3

Assumption 4 All agents know that exactly one loan is corrupt and they
know the extent of that corruption. Agents are uncertain as to how likely
uncorrupt projects are to succeed. In particular, the depositors and the large
bank believe that 0% is distributed go+, but this fact is unknown to the small
banks.

In this section, Assumption 4 takes the place of Assumption 2. The
1
depositors maximize / Vp (0%) go+ (67) d0* and the large bank maximizes

1
/ Vi, (0%) go= (60%) dO*. Let go- be the uniform distribution on [0y, 1].44
Omin

Employing the parameter values used elsewhere in the paper, there does
not exist an interbank interest rate such that the large bank will lend in
equilibrium. That is, given the beliefs of agents, the optimal lending policy
is = (N, N, N), the disintermediation policy.*> Therefore, depositors will
choose autarky and no production will take place.*® Some intuition for this
result is as follows. Small-bank depositors are uncertain about 0*. If 6* were
low, depositors would require a low interbank interest rate to make them

211 9* < é, the definition of a corrupt loan ceases to make sense. Thus, 0,,;, > 0 is an
implicit constraint.

431f 0 were less than 6,,;, with positive probability, this would be inconsistent with banks
maximizing the utility of their depositors.

#“Laplace (1951, 18) argues that, in a state of ignorance, uniform beliefs are best.

45This matches the findings of Huang and Xu (2000, 14): if project quality is too
heterogeneous, the interbank market collapses.

40The same result is obtained if the small banks know the distribution gy (#) and also
know that it represents the beliefs of their depositors and of the large bank.
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willing to deposit.*” With a uniform distribution for g, the interbank interest
rate required to make depositors willing to deposit is too low to induce the
large bank to lend to the small banks. For there to be an equilibrium, the
variance of gg- would have to be smaller.

8. Alternative Informational Assumption (IIT)

Consider the variable 6, which represents the probability that a project
underlying a corrupt loan succeeds. ~Deﬁme Omin analogously to 6., of the
previous section.”® Let the belief for 6 be given by g;, defined on the support

[émin, 9*} . I can now state the assumption for this section, which replaces
Assumption 2.

Assumption 5 All agents know that exactly one loan is corrupt and they
know the likelihood of uncorrupt loans succeeding. Agents are uncertain as
to how likely corrupt loans are to succeed. In particular, the depositors and
the large bank believe that 0 is distributed g, but this fact s unknown to the
small banks.

0*

Depositors at the small banks maximize / Vb (é) 95 (é) df and the

emin

0*

large bank maximizes / Vi, (é) 95 (é) df. As in the previous section, I

emln
use the uniform distribution. There is a no-screening equilibrium of the

form ¢* = (E, N, S), with r; = 1.06, A* = 3, and w* = 1. No equilibrium
with screening exists. The no-screening equilibrium is barely preferred to
the disintermediation equilibrium: the score of the former is 1.0257 and that
of the latter is 1.0247, the return on government bonds. As in the case
where agents are uncertain about the degree of corruption (in section 6),
the probability of corruption causing a contagious bank failure is unchanged
from the base case.

47This is because the higher the interbank interest rate, the higher the interbank loan
repayments. Since the interbank loans are senior to depositors who withdraw in period 2,
a higher interbank interest rate lowers returns to depositors withdrawing in period 2, and
thus lowers expected returns to depositors generally.

48 The upper bound on 0 is 0, since, if 6> 0, the loan is not corrupt.
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9. Conclusion

This paper describes a model of corrupt lending practices that exacerbate
a contagion problem already present through an interbank lending chan-
nel. While the probability of interbank contagion is low (with and without
the presence of corruption), corruption increases the probability of the large
bank’s collapse by more than two orders of magnitude. Moreover, the fact
that corruption increases the probability of contagion is robust to various
informational environments.

The fact that corruption leads to contagion even in a perfect information
environment, where lending risk is properly priced, implies that the conta-
gion in the model is somehow “optimal.” This contagion has significant real
effects: the assets of the banking system decrease by more than 25 per cent,
the asset share of the large bank in the banking system. The possibility of
mitigating the consequent real decline creates a role for government policy
in economies that resemble the model economy.

Since this model is highly stylized, it cannot answer questions about the
decision to be corrupt, or about the optimal amount of corruption to tolerate
in a banking system. It may be the case that in a banking system where
most banks issue corrupt loans, non-corrupt banks suffer an interest penalty
in the interbank loan market because they cannot be distinguished from
corrupt ones. To resolve these questions, a model must allow different banks
to make different choices about corruption, in effect leaving the symmetric
world presented in this paper. This should be a useful avenue for future
research.
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Table 1: Parameterization of the Model
Variable | Value Variable | Value
$54 1.04
A (38, 89) " [1,1.05]
) $0.03 . 1.3
0.0, o] 1.26,1.35]
2 —0*
J 3 k() 2 — 0.960% 2 — 1.2467]
0.08 0.5
g 0.0567,0.12] || 7 [0,0.78]
50 - 0.5
M 12, 66] 0 0.46, 0.59]
V1.05
"9 [1,1.09]

Table 2: Solution of the Model

Variable | Value | Variable | Value
¢ (1) E 7 1.13
¢ (2) N A* 3

¢ (3) S w* 1

Pr fc 1.9E-4 || Pr fnc | 7.1E-7
LA $0.748 || 6* V2/3

Table 3: Policies under Different Beliefs about Corruption

‘bl |bg ” 7"]’¢:(N,N,N) |T[‘¢:(S,S,S) |T[‘¢:(E,N,S) |
0 0.895 || 1.0247 1.03 1.06
0.2 | 0.615 || 1.0247 1.08 1.12
0.4 | 0.500 || 1.0247 1.27 1.30
Table 4: Scores for Different Policies and Beliefs
Belief ¢p=(N,N,N) | p=(S,5,5) | o= (E,N,S)
Pessimistic | 1.0247 1.0000 1.0649
Neutral 1.0247 1.0500 1.0975
Optimistic | 1.0247 1.2400 1.2799
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Table 5: Table of Symbols: Latin A-K
| Symbol | Meaning |

A Assets of the large bank

B Beliefs about the extent of corrupt lending
b; The i component of the beliefs B

C Set of constants

Cn Set of private constants

Cp Set of public constants

Cs Set of semi-public constants

c Screening cost

E Policy: extend a loan without screening
Jo* Beliefs about 6*

95 Beliefs about 6

H Pdf of depositor and loan outcomes

J Number of depositors

K The capital ratio

Table 6: Table of Symbols: Latin L-R

| Symbol | Meaning

LA Amount lent from large bank to small banks

LIQ Number of loans liquidated by a small bank

LIQD | Number of loans desired to be liquidated by a small bank
LIQS | Number of loans able to be liquidated by a small bank
M Number of small banks

N Policy: do not extend loan

R (0) Gross return to successful projects

Rp Gross return to depositors (state by state)

Rp Gross return to depositors withdrawing in period 1

Rpo Gross return to depositors withdrawing in period 2

Ry, Gross return to the large bank

D Gross return promised to depositors withdrawing in period 1
Tq Gross return on one-period government bonds

rI Gross interest rate on interbank loans

T Gross interest rate on time deposits
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Table 7: Table of Symbols: Latin S-7 and Greek

| Symbol | Meaning

Policy: extend loans only after screening

Number of successful projects

Objective function of depositors

Objective function of the large bank

Number of withdrawals per bank

1, if the depositor withdraws, else 0

{0<2< J|z€Z}

Liquidation value of a loan

Probability of project’s success

Smallest 6%, such that depositors deposit

Probability of corrupt project’s success

Smallest 0, such that depositors deposit

Fraction of depositors’ funds lent

Set of all policy functions

| ] | |2 ) w
R REEECEEGERE
[=} [=}

Policy function from [J] to {E, N, S}
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Appendix A

A.1 Details of Functions in the Main Text

As explained in the main text, each of these functions potentially depends on
0%,0,¢,rr, A, and f. The probability function H (s, w|-) can be factored into
H (s|-) and H (w|-), since depositor behaviour and the success of investment
projects are mutually independent:

H(w|) =1, if w=w*

H (w]-) = 0, otherwise.
s=0])=(1— )" (1 - é) 49
s=J)=(6")""10,\=J, 0 otherwise.

o) = ( A N 1 ) @)y -y (1-9)

+<2j > (@) Q=00 1<s <A1

Let LA be the loan amount function. LA = 0 whenever w = 0, or
whenever ¢ (w) = N, or when it is the case both that ¢ (w) = S and that
sR(0") > [rp(1— K)w— (J — X) — JK]r;. If these conditions do not hold,
LA=rp(1-K)w—(J—\) — JK.

Ry (s,w) =0, if LA =0

Ry, (s,w) = min(LArr, sR (0%)).”

To compute expected returns to depositors, it is necessary to exam-
ine the liquidation behaviour of small banks when they cannot get loans

9The H (s|-) function differs only from a binomial distribution with J draws in that it
must take into account whether for s successes there are s — 1 non-corrupt loan successes
or s non-corrupt loan successes.

50The large bank makes no money in the interbank lending market when it does not
lend in the interbank market.

S11f the large bank lends money to a small bank, the small bank either repays the loan
with interest, or surrenders all revenues from its successful projects, whichever is less. The
small bank’s capital does not flow to the large bank in this situation, because the small
bank’s capital is used to pay depositors in period 1, if necessary.
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from the large bank.’?> Let LIQD®® € [J — 1] be the integer that solves
(LIQD — 1) AR () +J - A JK < w(1 — K) < (LIQD) YR () +J — A+ JK
if the solution exists, and J — 1 otherwise. Let LIQS* = min (JA —1,s)
and LIQ = min (LIQD, LIQS) . Since corrupt loans cannot be liquidated,
define the function PL? as follows: PL =1, if LIQ < s — 1.

J - 1 (9*)3(1_9*)J7175(1_é)

PL =
( J - 1 )(0*)5(19*)J—1—s(15)+< J - 1 )(9*)5—1(10*)J—sé

Jif LIQ =

S s—1

Finally, V;, = Z H (s,w) Ry, (s,w).

(s,w)

We can write the returns to the i depositor as follows.
E[VD (Iz = 1)] = RD,

if ¢ (w_; +1) = E.

E[Vp (z; =1)] = Es [max (0, syR () — w_;Rp)],

if ¢ (w_; + 1) = N.

EVp(x;=1)] = RpPry[sR(0) —r;L, > 0]

+Prs [sR () — r1 L1 < 0] Eg [max (0, syR () — w_;Rp)],

lf gzﬁ(w_i + 1) = S
Li=(w,;,+1)Rp—(J-AN-(1-K)J

E[Vp (z; =2)] =min [2 (Rp — 1) + 1,max [0, sR (§) — r1La]],
if ¢ (w_; +1) = E.

E[Vp (z; = 2)] = max [0,min [2 (Rp — 1) + 1,syR () — w_;Rp]|,
if ¢ (w_; + 1) = N.

EVp(z; =2)]=min[2(Rp — 1)+ 1,syR (0) — r1L1] Prs [sR(0) — r1Ly > 0]

92 As a technical matter, a small bank might choose to liquidate loans even if it can
borrow in the interbank market. Whether it is profitable to do so depends on the inter-
bank interest rate. Since this will rarely occur in equilibrium and does not occur for the
parameter values presented in this paper, I omit this possibility to simplify the algebra
without loss of generality.

53 This is the number of loans that the small bank desires to liquidate: liquidation
demanded.

54This is the number of loans the small bank can potentially liquidate: liquidation
supplied.

35 This function shows the probability of being able to liquidate a given number of loans.
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+Pry[sR(0) —r;Ly < 0] Esmin [2 (Rp — 1) + 1, max (0, syR (#) — w_;Rp)],
The unconditional expectation of V), depends on the Nash equilibrium
probabilities.

Finally, Vs = > H (s,w|)max {O,H/I\%Xg (P)} ;

(s,w)€[J]?

where g (p) = MR (6)—wRp—(J —w) [2(Rp — 1) + 1] and p = (s, w, \, 0) .
A.2 Proof of Lemma in Main Text

Let P = Z3 x [0,1]. The function § induces a natural partition on P,
positive profitability. P = {p € P|§(p) > 0}. The function Vg can be
Z H(S7w|)‘7')§(p)7 pepr
rewritten as follows: Vg = (5,w)€Z2 Ve =0
0, otherwise
in equilibrium, then X is a free variable; therefore, it can take the value
J without loss. But suppose Vs # 0. It is evident that g (p) is positive
and an increasing function of A\. H () is a non-negative function, since
it is a probability distribution. Thus, Vs is non-decreasing everywhere in
A so long as H (-) is non-decreasing in A\. The relevant portion of H is

el = (M) e a-ey (1-9)

+ ( i\:i ) @) (1-6)""0,1 < s < X\—1. H can be written as

the sum of two positive functions, each of which is increasing in A (to see
this, just take the natural logarithm of each term separately). Thus, Vs is
non-decreasing in A and the optimal A is J. Note that one cannot take the
derivative of H with respect to A, since A is not a continuous variable.
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