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Loan Rate Differences across Financial Sectors:
A Mechanism Design Approach

This paper shows that discrete and vastly different loan rates offered by
different types of financial firms constitute, in fact, an elaborate mechanism that
makes borrowers tell the truth regarding their ability to pay back loan principal
and interest. Suppose that once a borrower fails to pay back a loan to a bank, he
cannot borrow from any banks again and must contact higher-interest charging
credit finance companies to get a new loan. This creates a well-defined incentive
for borrowers: pay back and remain in the banks' loan market vs. do not pay
back and move to, say, credit finance companies' loan market in which a higher
loan rate is charged. This mechanism does not require the financial firms to
verify even if the borrower declares bankruptcy, and therefore is more efficient
than a standard debt contract a la Townsend (1979) in terms of verification cost.
As the interest rates offered by different types of financial firms should be well
aligned in order to prevent the deception of borrowers, we can also analyze how
many different types of financial firms, that is, how many discrete and different

loan rates, can co-exist in the economy.

Keywords: Debt contract, Mechanism, Loan rates, Co-existence of financial
sectors
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I. Introduction

Generally, loan interest rates offered by various financial firms are vastly
different across financial firm types.!) In Korea, for example, around the end of
2015 banks offered around 5%, special credit finance companies 15%, mutual
savings banks 25% and consumer loan finance companies 30% for their loans.
We explore the cross-sectional structure of loan rates across financial firm types.
Why do they offer such different loan interest rates? Should the difference be
wide or narrow? How many financial firm types that offer different loan interest
rates can co-exist in the economy?

There are many factors, of course, that possibly affect loan interest rates:
differences in risk, regulation, market structure, and terms and conditions of
loans, etc. One is naturally tempted to argue that the loan rate differences
mainly reflect differences in borrowers' credit ratings. But then one must
scrutinize and explain the reason that credit ratings are different across
borrowers, which is essentially the same as the original problem. From a
theoretical point of view, this is arguably a kind of tautology unless credit rating
is endogenously determined in the model.

With this kind of tautology in mind, we will address the above questions by
studying a specific debt contract. In doing so, we assume that agents are
identical in terms of ability. Specifically, each agent, seeking a fixed amount of
loan each period, has an ex ante indistinguishable project with the same
probabilistic outcome on the same support. An agent can close the loan
contract depending on the outcome of the project. He can also intentionally lie
to the lender that the project performed poorly, even if it did not. The previous
sector in which he did not honor the contract remains publicly observable, but
not the fact that he lied in breaching the contract. Agents differ only in their
history of paying back the debt, and this history places the agents into different

1) In this paper, ‘financial sectors’ and ‘financial firm types’ are used interchangeably. As it will become clear
later, financial firms are not distinguishable in terms of cost structure apart from the different loan rates they
offer. Different loan rates create different financial sectors in which corresponding financial firm type, that
is, those offering the corresponding loan rate, operate.
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financial sectors. The specific financial sector in which an agent currently
borrows can be defined as the credit rating for that agent.

There 1s a well-known truth-telling mechanism in a costly state verification
model: a standard debt contract with lender's full verification, as in Townsend
(1979). Verification takes place every time the borrower declares default (due to
poor realization of ex ante profitable production plan, for example). Later,
Mookherjee and Png (1989) show that random verification is more efficient
from the lender's cost minimization perspective. All verifications must be
random, and if the borrower is audited and verified to be truthful, the borrower
must be rewarded so that all borrowers, including those who pay back the debt,
strictly prefer to be audited.

We add another truth-telling mechanism in this paper. Specifically, we will
show that the loan rate differences across financial firm types, in fact, constitute
an elaborate truth-telling mechanism regarding the borrower's ability to pay
back the principal and interest. Suppose that once a borrower fails to pay back
the loan to a bank, he cannot borrow from any banks again, and must contact
higher-interest-charging credit finance companies to get a new loan. This
creates a well-defined incentive for borrowers: pay back and remain in the
banks' loan market vs. don't pay back and move to the credit finance companies'
loan market in which higher loan rates are charged. Contrary to a standard
debt contract as in Townsend (1979), this mechanism does not require the
financial firms to verify always when the borrower declares bankruptcy, and
hence is more readily applicable to an environment in which verification is very
costly or practically very difficult. Indeed, in less developed economies, the
degree of loan rate differences is more prominent. Banerjee and Duflo (2011),
among others, classify the extreme variability of loan rates within the same
village or town as one of the stylized facts about credit markets in developing
economies. Further, our model nicely nests Townsend's standard debt contract
as a special case in terms of the number of co-existent financial sectors: when
full verification takes place, only one financial sector can exist and two or more
financial sectors cannot co-exist. Contrary to Mookherjee and Png (1989), who

consider random verification with side payments in the form of rewards



BOK Working Paper No. 2016-16

between the lender and borrower, we do not allow side payments. Instead, we
study a specific form of debt contract with exogenously given verification
probability, and focus on what happens as the verification probability, which is
posited as a given technology to financial firms in this paper, gradually
decreases from one to zero in an economy consisting of finite lenders and a
continuum of borrowers. The partial verification in this paper translates into
the co-existence of different types of financial firms which offer discretely
different loan rates in the economy. Further, the less probable the verification
(i.e. the less developed and/or the more restrictive the verification technology),
the smaller the number of co-existent financial sectors and the wider the gaps
between loan rates offered across different financial sectors. By deriving these
interesting results, this paper sheds some light on how we can better
understand cross-sectional differences of loan rates.

This paper is related to the literature on dynamic debt contracts. Chang
(1990) and Monnet and Quintin (2005) study properties of an optimal debt
contract between one borrower and one lender to finance a project that lasts for
multiple finite periods, with a focus on the structure of payment streams from
the borrower to the lender. Chang (1990) shows, using a two-period model of
costly state verification, that the optimal debt contract can be interpreted as a
bond contract having a call (prepayment) option to pay up and close the
contract at date one instead of going into date two. Monnet and Quintin (2005)
use a finite period model to show a similar result that front-loading payments
are always weakly optimal.2) This paper explores the dynamic environment
from a different angle and focuses on explaining the co-existence of financial
sectors that offer different loan rates, instead of deriving the optimal structure
of debt contract between one borrower and one lender.

This paper is also related to credit rationing literature pioneered by Stiglitz
and Weiss (1981) in the sense that not all of the agents with the same ability can
borrow. A marked difference is that, in our model, credit is rationed in each and

every financial sector. As a result, agents face different loan rates even though

2) Albuquerque and Hopenhayn (2004), and Cooley et al. (2004) also present a similar result based on limited
contract enforceability.
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their abilities are all identical, and in the end some agents cannot borrow from
any financial firms. In other words, this paper derives a stationary
non-symmetric allocation in which different types of financial firms offer
different loan rates. Ghosh et al. (1999) cover credit rationing with multiple
lenders in which a defaulting borrower can switch to a different lender. They
focus on the analysis of the stationary symmetric equilibrium in which all
lenders offer the same loan rate, paying attention to the probability that the
new lender uncovers the past default of the borrower.

This paper is organized as follows. Section 2 describes the model, sets up the
value functions of the agents and discusses incentive compatibility and
individual rationality conditions. Section 3 derives an equilibrium in which the
greatest number of financial firm types can co-exist. We will also cover the
standard debt contract with full verification and will show that different types of
financial firms cannot co-exist in the equilibrium once financial firms verify on
every occasion when the borrower declares bankruptcy. Some simulation results

and comparative statics analyses are also provided. Section 4 concludes.

II. Model

Time is discrete and indefinite. Each period consists of two sub-periods,
sub-period 0 and sub-period 1. The common discount rate between period ¢
and period t+1 is 3. There is no discount between sub-periods within a

period. There are N financial sectors S, S,, ---, Sy, each occupied by the
corresponding financial firm type: B,, B,, ---, B .3 We assume, without loss of
generality, r; < 7, <--- < 7y, where r; is the loan rate charged by financial firm
B;.% Financial firms finance any amount of loans they make from outside the

economy with zero interest rate at sub-period 0 in each period. They have to

repay the funds they have raised at sub-period 1 in the same period.

3) For the moment, we posit that financial firm B; is operating in financial sector .5;. Later we allow financial
firm B; to choose its own sector to operate in.

4) Alternatively, one can think of one big financial firm composed of subsidiaries. Each subsidiary, in this
case, could be thought of representing a corresponding financial sector.
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There is a continuum of risk neutral agents i< [0,1]. Let K; denote the

mass of agents in financial sector §; so that X, K, =1, K; = / 1di. In each
J

period, agent i borrows a and invests in his project at sub-period 0. The

project returns y;~ U[0, y] at sub-period 1 in the same period. Agent i in sector

S; j€{1,2, ---, N} reports g}iE{Yes,No} to the financial firm 5,5 If

y; =‘Yes’ then the debt (principal and interest) is cleared and agent i remains
in sector 9. If y; =‘No’ then there are two cases. (i) An audit can take place,
and all the ownership of the corresponding project is transferred from agent i
to the financial firm. An audit by B; can fully recover true y; at a cost of c. Or,
(1) an audit does not take place, the financial firm cannot recover at all, and
agent ¢ keeps y; in his pocket. In either case, from the next period on, agent 4
is forced to move down to sector S;,, with probability m. If this happens,
financial firms can observe the previous financial sector, S in which agent i
has failed to repay the debt, but they cannot observe whether agent ¢ has told a
lie in breaching the contract. Simply put, the former is publicly observable, but
not the latter. For convenience, we assume that there is no capital, no collateral
and no aggregate uncertainty. We do not allow rewards or side payments
between financial firms and agents, but we do allow probabilistic verification
(random auditing). In a stationary state, inflow into and outflow from any sector
S;, j€1{1,2, -, N} must be equal. We assume that inflow into sector S, is equal
to outflow from sector Sy and that agents kicked out of sector .Sy must leave
the economy. Note that the credit rating of an agent, which can be defined by
the financial sector the agent currently borrows in, falls unidirectionally. In
other words, an agent starts to borrow in sector S; when he enters the economy
and moves all the way down to sector S, before he is forced to leave the

economy.6)

5) Note that following the convention by letting ;L &[0, 1] does not make any difference in the context of this paper.

6) This assumption keeps the model simple and tractable. Although it seems a bit strong, Christiano et al.
(2014) make use of a set up similar in spirit. In particular, entrepreneurs in their model are deprived of all
their wealth eventually since they are destined to experience failure with positive probability each period.
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A government agency, central bank or supervisory agency, for example,
constructs (r,r,, ---,7y) that generates a ‘stationary allocation’ in which the
incentive compatibility and individual rationality conditions of all the agents are
satisfied while profits of all the financial firms are weakly positive and the agent
population of each financial sector remains the same across the periods.”) In
doing so, the government agency's objective is to design a financial system —
that is, to construct (r, ,, -+, 7y) — composed of as many financial sectors as
possible.®) Financial firms operate as long as profits are greater or equal to zero.
In particular, profit maximization of financial firms and competition among
them will not be seriously considered and zero-profit conditions for financial
firms will not be imposed. Later, however, we will discuss an environment in
which the government agency is taken out of the economy and financial firms
are allowed to maximize their profits. Interestingly, as competition among
profit-maximizing financial firms intensifies, it also starts to generate financial
sectors across which discretely different loan rates are charged.

Now we turn to value functions of agents that formally describe incentive
compatibility and individual rationality conditions. Let g€ [0, 1] denote the
probability of verification when agents declare bankruptcy. We treat ¢ as given
and posit that it represents existing verification technology. Consider agent i in

sector S, j& {1,2, ---, N} with a realized project return y,. We can write

Vi(y;) = max{y;— a(l+r;)+8E[V;()],
q[BA=m)E[V,()]+ BmE[V,,, ()]
+ (A=) [y, +BA=m)E[V,()]+BmE[V,,, ()] }. (1)

The first line of the above equation represents the agent's payoft when
y; =‘Yes. Agent i enjoys the realized project return after paying back the debt

and stays in the same financial sector next period. The second and third line

7) The government agency can impose this set of loan rates tightly, for example by giving each financial firm
permission to operate in the corresponding financial sector.

8) Once we obtain the equilibrium with the maximum number of financial sectors, constructing an equilibrium
with less number of financial sectors is easy, as becomes clear later.
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depict the payoff arising when y,=‘No,” weighted by the verification
probability. The second line shows that, when an audit takes place, all the
return of agent i’s existing project is transferred to the financial firm B;, and
agent i moves down to the next financial sector .S;, ; with probability m and
remains in the current financial sector S; with probability 1 —m. The difference

in the third line is that, when an audit does not take place, agent ¢ can keep the

current project return y,. Of course, this value function is subject to the

following incentive compatibility condition:

yi—a(l+r)+BELV,;()] = ¢[B(1—m)E[V,()]+ 8mE[V,, ()]
+ A=) [y; + 8L —m)E[V;()]+BmE[V,,,()]],
for y, > a(1+rj). (2)

Focusing on the truth-telling mechanism as the revelation principle states,

we can derive the expected value of Vj(-),in terms of the expected value of

Vit ().

Bv,0l=L [1 el +aE(V,Oldy,
Y Y oalltr)
all+7))
w2 [T 80— m)BLY,0)+ gmB( V., O]
yYo

+ (1= q) [y, +BA—=m)E[V,()]+BmE[V,,, ()]]dy;

1 [v
=L (" a4 BV, Olay,
Y oall+r))

1 a(l+r;)
+ T/ (1 - Q)yi + ﬁ(l - m)E[VJ()] + ,BmE[ Vj+ 1 ()]d% (3)
y 7o
Manipulating and rearranging Equation (3) yield:

21— yELV,O =y —all+r)]*+ (1 —q)a*(1+7,)?
—2ﬂm{E[Vj(-)]—E[Vj+1(')]}0¢(1+7“j)- 4)
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Note that agent i with realization y; < a(1+r;) in hand cannot repay the
debt not because of the incentive compatibility but because of physical
impossibility. In other words, the incentive compatibility condition, Equation
(2), could hold with strong inequality for all realization y, in the support. We
are, however, particularly interested in the maximum number of financial
sectors that can co-exist, and therefore we let the incentive compatibility
condition, Equation (2), bind with equality at y;, = (1 +r;) for j€{1,2, -, N}.
Then, from Equation (2), we have?)

Bm{EV,()] =BV, Ol}= (1 - q@al+r)), for j={1,2, -, N}. (5)

The incentive compatibility condition for agents basically tells us that the

decrease of value as agents move one financial sector down from sector .S; to
sector S;,; should be sufficiently large. As agents move further down the
sectors, the decrease in value gets bigger because of the increase in the loan rate
r;. This incentive compatibility condition provides an explicit form of the
expected value of remaining in financial sector .S;. Plug Equation (5) into

Equation (4) to get the explicit form of the expected value.

BlV,()] = m{@—aumﬂ?— (1— Q)a*(1+1,)2},

for j={1,2, ---, N}. (6)

Let us now turn to the individual rationality condition for agents. This

condition, E[V,(-)] =---= E[Vy()] = 0, together with Equation (4) implies

Elvy()] = —{ly—a(+r)—(1—ga*(1+ry)?}= 0. (7)

2(1-8)y

9) Obviously, £V, , ()] =0.
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Figure 1: Loan Rate and the Value for Agents

Expected Value for Agents

k'

0 ?\\_/ Loan Rate

Note that Equations (6) and (7) indicate that the expected value is first
decreasing and then increasing in the loan rate since the expected value is a
quadratic equation. Obviously, we are only interested in the region of loan rate
in which the expected value is positive and decreasing in the loan rate. It is easy
to see that the expected value is positive when the loan rate is zero and that
E[V(-)] =0 has two distinct positive roots or one repeated positive root. Let
denote the smaller one of those two distinct roots or the repeated root itself. We

have

1+ r=y(1—v1—¢q)/(ga). (8)

Then the region of loan rate in which the expected value is weakly positive,
r& [0, 7], is well-defined and not empty (Figure 1).
Consider the profit of financial firm 5; operating in sector 9;.
f(j . all+ 7']-)
II,=— [y —a(l—i—rj)][a(l—i—rj)—a]—F / qly;—a—c)+ (1—q)(—a)dy,
Y 0
oK,

- {—a@—@)+r)+2(y—q)1+7r) -2y} = K;m,. 9)
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Figure 2: Loan Rate and the Profit of the Financial Firm

Profit of Financial Firm

-

0 /— T Loan Rate

Note that the mass of agents with project return y, sufficient enough to repay
the debt is K[y —a(1+7;)]/y. The first term inside the brace in the first line,
hence, represents profit financial firm B; can extract from these agents. For
each of those with project return not sufficient to repay the debt, financial firm
B; recovers y; at a cost ¢ through an audit with probability ¢ or recovers
nothing if an audit does not take place with probability 1 — ¢. In the former case
the profit should be y;, — o — ¢, and in the latter case — «.. Focus on terms inside

braces and note that the condition to have two different real roots can be

written as:

(y—qc)’ —2a(2—q)y > 0. (10)

We make an assumption on parameter values so that the above inequality

always holds.

Assumption 1 We assume that y > 4a and o > c.

Assumption 1 states that the maximum output that a project can achieve (y)

should be sufficiently larger than the initial amount of a loan («), and the
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verification cost (¢) should be smaller than the loan («). This condition is not
strong and can be thought very plausible. Under Assumption 1, two distinct
positive roots (denoted by r, r) that make Equation (9) equal to zero exist. In

particular,

1 r=7—ge— V(7 —g0) 2032 —q) |/ la(2— )], (11)

1+ 7= [y—qe+ V(G — g0 — 2052 —q) |/ la2—q)]. (12)

For r&€ [r, r], the profit of the financial firm is weakly positive (Figure 2). In

what follows, we assume that Assumption 1 holds.
As shown before, the expected value of agents also restricts the region of

possible loan rates. Any loan rate must satisfy conditions both for agents and
firms. Indeed, we can show r< < r so that the region [r, r] is a non-empty

compact set.
Proposition 2 r< r< 7 for ¢= [0, 1].

Proof. First, note that the above proposition holds when ¢ = 0.

y—Vy —day

liml+r = < lim1+r=-L
q—0 20 ¢—0 2c
) -yt §2—4a§
< liml+r = .
q—0 2

Second, it is easy to check that r is strictly increasing in ¢ and « for

q€ [0, 1]. Then, Assumption 1 implies
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— —\2 2
- - (2—4q)
< o] -

Now, we can show that the first inequality of the proposition holds for
q= (0, 1].

l+r<l+r

o ¥2=9) _ y2=9)l=vi-g)
2 q

@%gl—\/ﬂ

éégﬂﬁ-¢T:E)<q

= V1-¢g=<1

Similarly, utilizing the fact that r is strictly decreasing in ¢ and in a with

Assumption 1 proves the second inequality of the proposition for ¢& (0, 1].

1+r<l+7

- y(2—q)(1q— VIZ0) ot ( qoP —205—0)
- g(z—qmq— 1Z0) ot (= qal —2a32—0)
¢>E@—qﬂ:—VT:E)<§—"%LF¢@‘%§)_QJ%:Q
o §(2—Q)(1q— Vi—q) <y

©2-¢1-V1-q)=gq
& 2-qg=q(1+V1—¢q)
Sl1l—qg< v1—q.

Note that the last line holds since 1 —¢= (0,1]. ®
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Figure 3: Loan Rate Satisfying Both Conditions for Agents and Financial Firms

o
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Loan Rate
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Proposition 2 implies that the non-empty compact set [r, r] is well-defined,
and any loan rate in this region r& [, r] satisfies the individual rationality

conditions for agents and financial firms (Figure 3). The problem is then how

many financial sectors can co-exist within this region of loan rate.

II. Co-existence of Financial Sectors

The first thing to note is that a problem similar to limited participation
arises in this model: you cannot make an incentive scheme that punishes agents
strongly enough given that the agents have an option to opt out of the system.
More formally,

Proposition 3 Suppose the verification probability is strictly less than
one(qg€[0,1)). Let N be the largest integer that satisfies:

()r<r <ry<--<ry_,<ry<r and

(i7) pm{ ELV;()] = B[V, O} = A= @)a +r)), for j={1,2, ---, N}.

Then, financial sector Sy cannot exist.
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Figure 4: Value of Remaining in Sector N

V-1

Proof. Suppose BmE[Vy()] = (1—¢)a(l+ry). Then, Equation (5) and
E[Vy.,()]=0 imply that sector Sy cannot be the last sector since there can
exist one more sector, say By with E[Vy - ()] = 0 and m{E[Vy ()= E[Vy ()]}
=1—-qal+r N)satisfying Equation (5). This is a contradiction. On the
contrary, suppose BmE[Vy (-)] < (1—q)a(l+ry). Then sector Sy cannot exist

since Equation (5) is violated. This is a contradiction, too. ®

Proposition 3 implies that, with partial or no verification, the value function
of the agents in sector .Sy, must satisfy SmE[Vy_ ()] = (1 —q)a(l+ry_ ;)
with equality if and only if £ [Vy()]=0 so that the value of staying in the
economy is sufficiently larger than that of leaving the economy. Otherwise,
every agent in the last sector finds it worthwhile to tell a lie and not pay back
the loan, risking leaving the economy (Figure 4). Consequently, the financial

firm in sector S cannot recover any loans it has made. Once the financial
sector Sy disappears, enough punishment is established and all the agents
prefer to remain in financial sector Sy _, rather than leaving the economy,
which allows sector Sy to exist. Note, however, Proposition 3 does not apply
when full verification is in place (¢=1). In that case Equation (5) degenerates
into E[Vy_,()] = E[Vy()] = 0. This implies that Z[V,(-)] can be equal to
E[Vy_,()] and still satisfy all the individual rationality conditions for agents
so that sector Sy can co-exist with sector Sy _ ;. We will show later that there

exists only one financial sector in the economy in that case.
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In a stationary allocation, agent population in a specific financial sector must
remain the same across periods. That is, inflow into a specific sector must be
equal to outflow from that sector. This simple observation, together with the

assumption that inflow into sector .S, is equal to outflow from sector Sy _ , leads

to a stationary distribution of agent population across the financial sectors.

Proposition 4 In a stationary allocation, K, the agent population in sector S,

can be represented by:

1
1+r7
K, = : ,for j={1,2, -, N—1}. (13)
’ 1 +...+#
1+7“1 1""7“]\/,1

Proof. It is easy to see that inflow into and outflow from sector .9, is represented
by Ky y(1+7y_;)m and K y(1+r )m, respectively. Inflow into and outflow
from sector S,£{2,3, ---, N—1} is represented by K, ,y(1+r,_,)m and
Kjg(l +7;)m,  respectively.  Hence, Ky(+r)m=Ky(l+r,)m=-=
Ky_y(l+ry_)m.Thisleadsto K, (1+7,) = K,(1+7r,) == Ky_,(1+ry_,).

Solving these equations together with YK =1 yields the result. ®

The government agency's problem is then to construct (r, ry, -+-,7y_ ) that
generates a stationary allocation as mentioned before. Following Proposition 3,
it is convenient to construct the set of loan rates as if the financial sector .S
existed and then drop the last sector in the end. Note that there are multiple
stationary equilibria with different numbers of financial sectors. For example,
suppose that the government agency can construct a stationary allocation with
N' = 2 financial sectors. Making the number of sectors one less by removing
the last sector still generates a stationary allocation. The government agency
should choose an equilibrium with the maximum number of sectors. We will

first cover the case with full verification.

Proposition b Suppose the verification probability is one (¢=1). Then the
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government agency can always construct a set of loan rates that generates a
stationary allocation in which only one financial sector exists. In particular

T =Ty =Ty E [r,7].

Proof. Pick any r, & [r,r]. By Equation (6), E[V;()] is uniquely defined for
given r;. Equation (2), when ¢=1, implies E[V]()] ZE[V]-HC)] for any j,
which is achieved only if 7; =r;, ; for any j. In other words, all the loan rates
across financial sectors must be the same: r =7, =---ry_,. Note that
individual rationality conditions for agents and financial firms are always

satisfied for any r,€ [r, r] due to Proposition 2. ®

With full verification, according to Proposition 5, only one financial sector
can exist in the economy if financial firms make use of full verification in which
an audit takes place whenever an agent declares default. Since the audit itself
imposes truth-telling, further penalty of higher loan rate next period does not
have any role here. In this regard, standard debt contract model of Townsend
(1979) is nicely nested in our model. Note that Proposition 2 guarantees the

existence of loan rate r that generates a stationary allocation. In particular, any

r& [r,7] can do the job in this case.

Proposition 6 Suppose the verification probability is strictly less than one
(¢€10,1)). Then the government agency can construct a set of loan rates

(ri, 7y, s 7y_ 1) that generates a stationary allocation in which N—1 financial

sectors co-exist if the range [r,7] is sufficiently wide such that the following holds:

1+ry <1+r<l+ry,,,

where r, = r and

y— \/52_6104(14-7“]-)[2&4— 2(26;775)3/(1—(])04—@4(1—1-7“]—)
1+7“j+1= p

forj=1,2, -, N. (14)




BOK Working Paper No. 2016-16

Proof. Without loss of generality, we can set 7, = r> 0 since the government

agency maximizes the number of co-existent financial sectors. From Equations
(5) and (6) we have

ﬂm{ w—a(lJrrj)]?—(1—q)a2(1+7"j)2— [g—a(l +rj+1)}2+(1—q)a2(1+7"j+1)2}
2(1-p)y
=(1—-qal+r), for j=1,2, ---, N.

Solving this for 1+r,,, in terms of 1+ r; yields Equation (14). Note the set of
loan rates (ry, ---,7y_;) induced by r, =r and Equation (14) satisfies the

incentive compatibility conditions for agents since Equation (14) incorporates

Equation (5). The individual rationality conditions for agents and financial

firms are also satisfied for any 7 [r, r] by Proposition 2. 1+7ry < 1+ r<

1+7y,, implies that N is the largest number such that ry < r. Therefore,

N—1 financial sectors co-exist in the economy by Proposition 3. &

Intuitively, given r; = r, Equation (6) uniquely determines E[V;(-)] since
E[V, ()] is strictly decreasing in r for ¢&[0,1). Now, Equation (5) uniquely
determines E[V,(-)] and there exists a unique r, that satisfies Equation (6).
This process can be repeated until r,, | is uniquely determined. It is easy to see
r=r <71y <-<ry<ry;; due to Equation (6). Equation (14) formally
represents this process of finding loan rates that satisfy the incentive
compatibility and individual rationality conditions for agents and individual
rationality conditions for financial firms.

Although [r,r] is non-empty as shown in Proposition 2, Equation (5)
indicates that the decrease in value can be very large, for example when gm is

small such that r, exceeds 7. In this case, no financial sector can exist in the
economy due to Proposition 3. Another thing to note is that a small positive
shift in the loan rate can generate the same stationary allocation. Instead of

r, = r, consider r'; = r+¢, e > 0. Then as shown in the proof of Proposition 6,

Equations (5) and (6) generate consistent 7’5, ---, 7"y ;. If ry associated with
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the original r, is strictly less than r and ¢ is small enough, the economy can
have the same number of financial sectors.
Next, we explore the relationship between the verification probability q and

the maximum number of financial sectors that can co-exist in the economy.

Proposition 7 Suppose the verification probability is strictly less than one
(¢ [0,1)). As the verification probability q increases, the maximum number of

financial sectors that can co-exist in the economy weakly increases.

Proof. Note that 7 is decreasing and r is increasing in ¢. Therefore, r— 7 is
increasing in ¢. Further, Equation (5) states that the gap between E[V;(-)] and
E[V;,,()], and consequently the gap between r; and r;. , is decreasing in g.

Hence, the result follows. ®

With given parameter values, Proposition 7 shows that the economy with
partial verification can have at least the number of co-existent financial sectors
achieved with no verification. Interestingly, ¢= 0 simplifies Equations (6) and
(7) and yields an explicit geometric form of loan rates across financial sectors,
which can lead us to an easy calculation of the number of co-existent financial

sectors. To see this, plug in ¢ =0 into Equation (6) to get E[V;(-)].

1

ElV,()] = 0B [y—2a(1+r))]. (15)
Then from Equation (5),
1+r,, = (1+rj)(1ﬁ_—mﬁ+ 1). (16)
Equations (15) and (16) lead to
1+r; = (1+r1)(1ﬂ_—mﬁ+ 1)j_1, j=1,2,---, N. (17)
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Table 1: Simulation Result (y= 100, a=20,c¢=10,3=0.9, m=0.5)

No. of Sectors

0.00 2 0.382 0.689 - - 0.689 1.500
0.25 4 0.355 0.599 0.891 1.243 1.243 1.679
0.50 6 0.333 0.506 0.705 0.937 1.630 1.929
0.75 1 0.314 0.406 0.506 0.615 1.808 2.333
0.90 28 0.305 0.343 0.382 0.423 2.477 2.799
1.00 1 0.298 - - - - 4.000

Therefore, the number of financial sectors can be determined by the largest

integer V— 1 such that the following holds:

_ LElC I T
1+7“N—(1+7_”)( Bm +1) ST (18)
In particular,
Ne1< log@)—log<§—1\/_§2—4a§)_ (19)
log(l—i——ﬁm )

A simulation would clearly show the results so far. We present a simulation
result with the parameter values set as y=100, @ =20, ¢c=10, 5=10.9, m = 0.5.
Note that Equation (19) tells us that two financial sectors can co-exist when
¢=0. Observe that the number of financial sectors in the economy weakly
increases as g€ [0, 1) gets larger and that when ¢= 1 there can exist only one
financial sector (Table 1 and Figure 5).10) In the latter case the government
agency can generate a stationary allocation by choosing any r& [0.298, 4.000].
The number of co-existent financial sectors presented in the simulation

represents the maximum number the government agency can achieve by

10) The number of co-existent financial sectors, hence, does not monotonically increase in g. In terms of loan
rate differences across financial sectors, however, the monotonicity is retained. Equation (5), indeed, states
that the loan rate differences offered in sector .5; and sector .5, ; monotonically decreases to zero as ¢
increases to one.
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Figure 5: Number of Co-existent Financial Sectors
(y=100,0 =20,¢=10,3=10.9,m=0.5)

number of financial sectors (N-1)
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aligning the loan rates in such a way to satisfy the incentive compatibility and

individual rationality conditions.

Some parameter values fail to generate any financial sectors. With y= 100,
a=24.5, ¢c=10, #=0.9, m = 0.5, no financial sectors can exist when ¢=0.
Although [r, 7] =[0.752,1.041] is not empty, setting =, = r=0.752 leads to
r, =1.142 > 7. In this situation, the incentive compatibility conditions for
agents in financial sector 5, as given in Equation (5), cannot be satisfied and
all the agents in sector S, would not pay back their loans. Thus, the profit of
the financial firm B, should be negative and sector 5, cannot exist. Note that
Proposition 3 precisely implies this result.

Below, we provide some further comparative statics results and discuss their

implications.
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Proposition 8 Suppose the verification probability is strictly less than one

(¢ 10,1)). The maximum number of financial sectors that can co-exist in the

economy weakly increases with larger y, smaller o, smaller ¢, and larger m.

Proof. Proofs are similar to that of Proposition 7, and hence omitted here. ®

Proposition 8 states that an increase in the maximum achievable output from

a project y(recall that y;, ~ U[0,y]) makes room for more financial sectors to

co-exist in the economy. It widens the range [r, 7] while decreasing the gap
between any adjacent loan rates,!!) which forms a necessary condition for more
financial sectors to co-exist. A decrease in the initial amount of loan ¢ brings
the same result.

The government agency might want to set up a relief fund so as to prevent
some portion of agents who would fail to repay the debt from falling from
financial sector .S; to .S;, ;. This should be similar, in effect, to a decrease in m,
which would lead to, maybe unintendedly, fewer financial sectors co-existing.
Alleviating punishment by setting up a relief fund in this way must be
compensated or balanced with heavier punishment so that the gap of expected
values across financial sectors is widened to keep the truth-telling mechanism in
place. According to Proposition 7, the government agency should instead invest
in increasing the verification technology ¢, if possible, to increase the number
of co-existent financial sectors by narrowing the gaps of loan rates across
financial sectors.

Now we turn our discussion to efficiency. It seems obvious that no
verification regime brings the highest efficiency: the same production as with

verification, but without the associated costs.12)

11) To see this, take the partial derivative of Equation (14) with respect to .

12) Note, however, that a direct comparison of efficiency between full and partial verification does not yield a
one-way result. Full verification can be more or less efficient than partial verification depending on the specific
loan rate set in the former. For example, under the parameter values specified in (Table 1), the total cost of
verification is 0.856 when ¢=0.25 and 2.754 when ¢= 0.75, while the total cost can be in [2-597, 10.000]
when ¢=1 depending on the specific loan rate & [0.298, 4.000] imposed by the financial firm.
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Proposition 9 No verification is more efficient than full or partial verification in the
sense that all three methods of verification yield the same production every period but no

verification does not incur any amount of verification cost.

So far we have focused on the construction of a set of loan rates that
generates stationary allocation with as many financial sectors as possible. We
will now discuss an environment in which the government agency is taken out
and each financial firm is allowed to freely choose the loan rate to maximize its
profit. If financial firms have market power, differentiation motives arise across
financial firms. In the context of this paper, financial firms would have
incentives to charge different loan rates in the process of maximizing profits.

To see this, suppose first that only one financial firm exists in the economy.
Note that its profit 7; as represented in Equation (9) is increasing in r; within
the whole range of [r, r]. Therefore, the monopoly will choose to operate in the
last sector Sy _, charging the loan rate of r,_, set in the government agency
case. The monopoly, however, can do a little bit better. The government agency
chooses r; =r first and constructs 7; in such a way that the incentive
compatibility and individual rationality conditions of agents are satisfied.
Alternatively, the monopoly can choose the loan rate r,_, backwards by
imposing  E[Vy()]=0 wunder the restricion of Equation (5),
Bm{E[Vy_ 1) =E[VyO]}=0—-q¢a(l+ry_,). An example can be useful to
illustrate this. Suppose that the parameter values are set as the same as in
(Table 1) except q is fixed at zero: y=100, « =20, ¢c=10, 3=10.9, m = 0.5, and
q= 0. Consider a monopoly setting the loan rate. Plug E[Vy(-)]=0 and ¢=0
into Equations (5) and (6) to get:

ElVy_ ()= Lma(l-i-r]v,l)

= 5=y lv-200+r ). (20)

This yields
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Bmy
2all—BU—m)]" @)

14+7ry_ ;=

Given the set of parameter values above, the monopoly sets 7, = 1.045 to

have 4.174 profit (per period). Recall that the government agency has
constructed the set of interest rates (r'y,7’,) = (0.382,0.689). If the monopoly

chooses r| =71, =0.689, the corresponding profit shrinks to 2.370. What if
there exists one more financial firm? In this duopoly situation, both financial
firms set 7, = 1.045, each enjoying 2.087 profit. If financial firms form two
sectors by charging (r1,15) = (0.674,1.045) so that the gap between ry and r, is
just enough to satisfy the agents' incentive compatibility conditions, the
corresponding profit is 1.247 and 1.878 for sector S, and S, , respectively.13) A
situation with three firms does not change the equilibrium much. All three firms
choose to operate in the same sector Sl*, charging loan rate r}k =1.045 and

share the total profit of 4.174 equally to have 1.391 each. Now consider the case
with four financial firms. If all firms choose to operate in the same sector, each

enjoys 4.174/4 = 1.043 profit. Now suppose one firm deviates to operate in a

different sector offering loan rate r, = 0.674. It will have increased profit 1.247
with population &, =0.55 while the other three operating in .S, offering
ry = 1.045 will have 0.626 profit each. Does one of the other three financial
firms operating in sector S, still have an incentive to deviate to operate in

sector S, ? No, because doing so will decrease the profit from 0.626 to
1.247/2 = 0.624. Therefore, an equilibrium will be one firm operating in sector
S, and the other three operating in S, . This means that profit-maximizing

financial firms also generate multiple financial sectors in equilibrium. (Table 2)

13) Note that (’rI, ’r;) is the set of largest loan rates that satisfies the incentive compatibility condition as given
in Equation (5) and indeed maximizes the profit under the condition that these two financial firms choose
to offer different loan rates. To see this, note 81I,/ 87“: >0 at given TI and r;, which implies that the
financial firm operating in sector S, must increase the loan rate to the extent that the incentive
compatibility condition permits to maximize its profit.
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Table 2: Profit Maximization and Number of Co-existent Financial Sectors
(y= 100, « =20, ¢ =10, 3=0.9, m=0.5,¢=0)

No. of Firms (| Profit per Firm in S}
One 1045 | 1.00 4174 - - -
Two 1045 | 1.00 2,087 - - -
Three 1.045 1.00 1.391 - - -
Four 0674 | 055 1.247 1045 | 045 0.626

illustrates the equilibrium loan rates, populations and profits across financial sectors.

It is interesting to find, in this example, that financial firms' strategies in
setting the loan rates are effectively finite. Equation (5) picks out a finite set of
loan rates that can be charged by the financial firms. This set of loan rates,
being selected from a profit maximization perspective given the incentive
compatibility and individual rationality conditions of the agents, is different
from the set chosen by the government agency. The difference, in particular,
arises from the fact that profit-maximizing firms impose E[V,(-)] = 0.

Of course, financial firms face infinitely repeated games in choosing loan
rates. Financial firms can collude by using trigger strategies so that only sector
S, exists in the stationary equilibrium. But as the number of financial firms
entering the economy grows, the payoff from deviation gets bigger and
eventually breaks the collusion. Summing up, profit maximizing financial firms
can construct financial sectors that charge discretely different loan rates
provided that the number of financial firms is sufficiently large.

This example makes room for government intervention to control the loan
rate. Suppose the government agency introduces a loan rate ceiling at

* . . .
somewhere between 7', and 7, and issues a sufficient number of licenses to

financial firms. Then the economy has two financial sectors with lower levels of
loan rates than the case with no ceiling imposed. As a consequence, agents'
expected values across the financial sectors increase while the profits of financial

firms decrease.
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IV. Conclusion

In this paper, we have studied a specific form of debt contract — a standard
one with a given verification probability that can be set anywhere between zero
and one —in a dynamic environment. We have focused on the government
agency's problem in building a stationary and non-symmetric allocation in
which financial firms offer different loan rates, and have shown that partial
verification materializes the co-existence of different loan rates offered by
different financial sectors since discretely different loan rates constitute an
elaborate truth-telling mechanism. This mechanism does not require the
financial firms to verify even if the borrower declares bankruptcy, and therefore
is more efficient than a standard debt contract a la Townsend (1979) in terms of
verification cost. Exploiting the fact that the loan rates offered across financial
sectors should be well aligned in order to satisfy the incentive compatibility
conditions of borrowers, we have derived the maximum number of financial
sectors that can co-exist in the economy. The differences in loan rates across
financial sectors are shown to be affected by, among other factors, the
verification probability: As verification probability increases the loan rate
differences across financial sectors decreases. The government, therefore, may
want to narrow the loan rate differences by increasing the verification
probability if possible. This measure brings down the lowest loan rate offered in
the economy, too. It is, however, not without cost in the context of our model.
Associated verification cost may increase while the total production remains at
the same level. The highest loan rate offered in the economy also increases.

We also have illustrated that the results derived with the government agency
basically continue to hold when the government agency is taken out and
financial firms are allowed to freely choose their loan rates to maximize their
profits. If only one financial firm exists, the monopoly chooses its profit
maximizing loan rate in such a way that the agent who fails to pay back the loan
cannot have a second chance, i.e. the agent must leave the economy.!4)

As the number of financial firms increases, profit-maximizing financial firms

14) As already shown in Proposition 6, this solution requires that the range of loan rates that satisfy the
incentive compatibility and individual rationality conditions for agents and firms must be sufficiently
wide to prevent a kind of limited participation problem.
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start to offer different loan rates. We have noted that the loan rates set by the
government agency and profit-maximizing financial firms are different, which
creates room for government intervention in the financial market, for example,
in the form of setting a loan rate ceiling. We must admit, of course, that this
part that incorporates profit maximizing financial firms needs more formal

treatment to arrive at more general results.
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