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Abstract: By designing credit contracts with inversely related interest rates and collateral, banks can
overcome the problems of adverse selection and moral hazard when there is an informational
asymmetry in competitive credit markets. One salient result points out that, if borrowers’
insufficient endowments of wealth cause a binding collateral constraint, a credit rationing
equilibrium arises because of collateral’s inability to achieve perfect sorting. The purpose of this
paper is to examine the consequences of government loan guarantees on equilibrium credit
contracts and economic welfare. More specifically, the effects of loan guarantees on interest rates,
collateral, and credit rationing were studied. Our results suggest that government loan guarantees
should target high-risk entrepreneurs. Loan guarantees targeting high-risk entrepreneurs reduce a
pledge of collateral in credit contracts, drop social cost, and increase economic welfare. Under the
circumstances that borrowers’ insufficient wealth causes a binding collateral constraint, loan
guarantees targeting high-risk entrepreneurs alleviate the problem of credit rationing and improve
economic welfare.
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1. Introduction

In a loan market, a lender provides funds and a borrower pays them back over time, plus
additional interest payments that provide a return to the lender, and also represent the risk of the
borrower defaulting on the loan. In general, lenders know less than borrowers about the risk of the
loan. Lenders can offer a set of loan contracts with different combinations of interest rates and
collateral to sort out borrowers of different riskiness [1,2]. However, if a borrower’s wealth is
insufficient to meet the collateral requirements, the borrower may face a possible chance of being
denied credit [3]. Information asymmetry and insufficient collateral lead to credit rationing problems
in the loan market.

To address whether the borrower's wealth is insufficient to meet the collateral requirements,
many countries provide loan guarantee programs. Government loan guarantee programs have
received new attention in response to the issue of credit rationing for small and medium enterprises
(SMEs). Grimsby [4] pointed out that government loan guarantee programs were the most frequently
applied measures, compared to the programs providing grants or tax credits, to enhance SMEs’
liquidity during the financial crisis of 2008-2009. For example, the Italian government guarantee
insures up to 80% of the value of a bank loan taken by SMEs, and the scheme has been quite effective
in enhancing credit flows [5]. In the U.S., government-driven mortgage guarantee programs
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encourage lenders to provide mortgages for low-income and low-asset households [6]. In Spain, close
to 99% of all firms are SMEs; studying the impact of loan guarantee programs on firm performance
is a promising topic [7]. However, within such a credit market of informational asymmetry and
possible credit rationing equilibrium, what is the role of government loan guarantee programs on
equilibrium credit contracts and economic welfare? This paper examines the effects of loan guarantee
programs on the determination of the credit contracts, that is, the loan interest rates, the amount of
collateral, and the probability of granting credit. It explores the comparative welfare properties of
equilibrium without and with loan guarantees, and provides an answer to whom loan guarantees
should target from the welfare perspectives.

As for a government loan guarantee program, government assures repayment to the lender for
some fraction of a loan, should the borrower default. As such, a loan guarantee de-risks the loan for
the lender. Reducing the risk for the lender changes a perspective loan in two possible ways. First, a
lender may be willing to make a loan that he would have normally rejected without the guarantee.
Second, as the interest rate of a loan reflects the perceived risk, a loan guarantee reduces the risk, thus
reducing the interest rate and lowering the cost of the borrower’s project. Riding et al. [8] pointed out
that loan guarantee programs in Canada, France, and the UK are aimed to increase loanable funds to
SMEs. Calcagnini et al. [9] examined the role of guarantees on loan interest rates of Italian firms and
found that guarantees are more powerful for riskier borrowers than for safer borrowers, because they
reduce larger interest rates for the former rather than for the latter. Pergelova and Angulo-Ruiz [10]
used the data of new firms in the U.S. to examine the impact of government guarantees on firms’
overall competitive advantage. The surge in loan guarantee programs prompts the following three
questions: (1) should loan guarantee programs target to subside low-risk entrepreneurs or high-risk
ones? (2) Can loan guarantee programs alleviate the problem of credit rationing? (3) Can loan
guarantee programs improve economic welfare?

Informational asymmetry between lenders and borrowers about payoff-relevant borrower
attributes usually leads to important implications of equilibrium contracts. In particular, the
screening role of collateral is emphasized in a competitive credit market with asymmetric
information. In agreement with Rothschild and Stiglitz [11] and Wilson [12], the optimal contract is
a separating equilibrium. Collateral and interest rates constituting the contract are inversely related
and effectively sort borrowers into different risk types. Taking the fact that most of the collateralizable
assets are also productive resources, for example, physical capital and lands, whether or not collateral
is required to pledge in loan contracts, potentially can affect production. Entrepreneurs who are
required to provide collateral if they do not have enough collateralizable assets either face a nonzero
fractional probability of being denied credit [3] or tend to overborrow loans and produce goods
inefficiently [13]. A number of researchers empirically examine different aspects of asymmetric
information in credit markets. For example, Best and Zhang [14] suggested that banks rely on other
indicators as initial screening devices; thus, banks are not necessarily the unique information
provider in an imperfect credit market. Hyytinen and Vaéanénen [15] found the origins of financial
constraints faced by Finnish SMEs. Berndt and Gupta [16], using the U.S. data, investigated moral
hazard and adverse selection problems of banks selling syndicated loans in the secondary market.
Similarly, Ivashina [17] examined how the lead bank’s ownership share of a syndicated loan affects
the information asymmetry in the lending syndicate and measures the lead share’s impact on the
loan spread charged to the borrower. Jarrow [18] claimed that trading credit default swaps (CDSs)
reduces debt market imperfections, facilitates a more optimal allocation of risks, and increases the
traders’ welfare.

Literature abounds about the implications of credit market inefficiency, with imperfect
information also shedding light on some explicit forms of government intervention which would
induce improvements upon market equilibrium. Smith and Stutzer [19] showed that loan guarantee
programs issued through lenders and available to all borrowers have the effects of reducing all
borrowers’ interest rates and raising the probability of getting a loan for low-risk borrowers. Li [20,21]
examined the effects of different government loan policies on the credit market with moral hazard,
using a static model and a dynamic general equilibrium framework, respectively. Among the three
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loan policies, Li [20] concluded that loan guarantees attract relatively riskier borrowers than direct
loans and grants do. So why are loan guarantees so popular? The reason may be simply because loan
guarantees often do not appear in the budget until a payment is made, thus lessening the burden of
tight government budgets. Chen [22] showed that collateral-based lending between banks and small-
firm borrowers can lead to an inefficient liquidation problem, and loan guarantees provided by
governments can alleviate this problem. Rai [23] incorporated government loan programs with
cofinancing in a credit market characterized by a costly state verification problem and found that
borrowers” welfare can be increased if government is the prior claimant. Minelli and Modica [24]
found that loan guarantees amount to a price subsidy that induces the lender to loan out the optimal
quantity of credit, and therefore, are efficient intervention. A recent paper of Gozzi and Schmukler
[25] provided an overview of how loan guarantee schemes work around the world and presented a
conceptual discussion of the role of government guarantee schemes in improving credit market
inefficiency. Our paper follows this trend of discussion and provides an answer to the
abovementioned three specific questions.

This paper introduces a government loan guarantee program into the economy of Besanko and
Thakor [3] with an asymmetrically informative competitive credit market. Without any government
intervention, low-risk borrowers choose contracts with low interest rates and high collateral
requirements, whereas high-risk borrowers choose contracts with high interest rates and low
collateral requirements. We examined the effects of loan guarantee programs on interest rates and
collateral requirements and compared these effects between two loan guarantee programs: one is
targeted at high-risk borrowers and the other is targeted at low-risk ones. Besanko and Thakor [3]
also showed that the insufficient borrower wealth endowments may result in low-risk borrowers
facing credit rationing. We then followed to study whether loan guarantee programs eliminate or
alleviate the problem of credit rationing. Different from the conclusion in Besanko and Thakor [3]
that the presence of a cosigner eliminates the possibility of rationing and always strictly improves
borrower welfare, our results show whether a loan guarantee program increases economic welfare,
depending on at whom the program is targeted.

The remainder of the paper proceeds as follows. Section 2 outlines the economic environment
and the benchmark equilibrium, that is, the perfect information credit market equilibrium. Section 3
analyzes the effects of loan guarantee programs on credit market equilibrium when collateral
constraints are not binding. Economic welfare is worse when loan guarantees target low-risk
entrepreneurs rather than those without a loan guarantee program. However, loan guarantees
targeting high-risk entrepreneurs reduce a pledge of collateral in credit contracts, lower social cost,
and increase economic welfare. Section 4 emphasizes the effects of loan guarantees under a binding
collateral constraint. The focus here is to elaborate the influence of loan guarantees on alleviating the
problem of credit rationing. Section 5 provides a summary and conclusion.

2. The Private Economy and a Benchmark

The economy without government loan guarantees is similar to the model of Besanko and
Thakor [3], with a competitive credit market where there is an informational asymmetry between
borrowers and lenders. Building on Besanko and Thakor’s conclusions of the sorting role of collateral
and existence of credit rationing when collateral cannot achieve perfect sorting, our model further
explores the effects on loan contracts and welfare implications of government loan guarantees. To
motivate our analysis of this specific type of government intervention in a “potentially distorted”
credit market, we first summarized the crucial features of Besanko and Thakor, then, we captured
their important results into our framework of analysis [3].

Consider a universally risk-neutral economy in which each entrepreneur has an endowment W
. In addjition, an entrepreneur is endowed with one risky investment project which demands a fixed
amount of goods as input, and willearn G when the project succeeds and nothing when the project
fails. The entrepreneur needs to borrow one unit of goods from a bank, add this to the initial
endowment, and invest the total in the risky project. Alternatively, he caninvest W in a safe project
and yield a constant return b, which represents an opportunity cost of undertaking the risky project.
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The bank faces a fixed pool of observationally identical borrowers consisting of two types, high-
risk entrepreneurs and low-risk entrepreneurs. The probability that the risky project succeeds is P;
for high-risk entrepreneurs and P, for low-risk entrepreneurs, 0 < P; <P, < 1. When there is
asymmetric information in the credit market, each borrower knows its own type, but the bank cannot
distinguish among borrowers. The bank does know that a fraction A of these borrowers are high-risk
types and that (1 — A) are low-risk types. The loan contract ® = {r,C,m} consists of the gross loan
interest rate , the amount of collateral C, and the probability m of granting a loan. On the other
hand, with the fixed deposit gross interest rate y, lenders are faced with perfect elastic deposit
supply. Taking into account transaction costs resulted from taking possession of and liquidating
collateral, the bank’s valuation of collateral is SC, with B € (0,1), which is lower than the borrower’s
valuation of C.

The incremental expected utility of a type-i entrepreneur executing the risky project is:

L =P (6-n)-(1-P )¢ —b=0, i=12 1)
A bank’s expected profit from lending to a type-i borrower is:
B, =P, 7, +(1—-P, )BC; —y =0, i=1.2 )

In addition, we define economic welfare E as the sum of the expectations (across states and
types) of entrepreneur utility and bank profit. That is:

E=2m (I, +B, )+(1—Dm, (I, +B,) 3)

For simplicity, we assume that a borrower can apply to only one bank. The equilibrium loan
contract is defined as among a set of loan contracts that earn non-negative profits for the bank, there
exists one contract that maximizes an entrepreneur’s (borrower’s) expected returns.

Equilibrium under Perfect Information

To provide a benchmark, we first state the perfect information competitive equilibrium contract
labeled by ®; = {1, C{',n;} and depict the chosen combination of interest rates and collateral for
high-risk and low-risk entrepreneurs, respectively, in Figure 1.

& ={r; =yP L, C; =0,n] =1,i =1,2}.

0 C

Figure 1. Equilibrium contract under perfect information.

Under perfect information, the equilibrium loan contract maximizes an entrepreneur (borrower)
i’'s expected utility subject to the constraint that the bank earns zero profits on that borrower. The loan
contract under perfect information is depicted as @] and &5 for high-risk and low-risk
entrepreneurs, respectively, in Figure 1. At point a, ®] represents the combination of C; = 0 and
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7 =yP;', whereas at point b, ®} represents the combination of C; =0, and r; = yP;'. The
expected utility line of high-risk entrepreneurs, I7, is steeper than that of low-risk entrepreneurs, I;.
The line Bf = 0 (B; = 0) represents banks’ zero profits when they offer ®; (®3) to high-risk (low-
risk) entrepreneurs.

Under perfect information, there is no role for collateral as signaling. In addition, for the sake of
transaction cost, the collateral evaluation (fC, 0 < < 1) by the bank is lower than that of the
entrepreneur who pledges the collateral. The collateral pledging is socially costly; thus, the optimal
value of collateral requirements for entrepreneurs with whatever risk types, high or low, is equal to
zero (Cf = C; = 0). Both types of entrepreneurs receive the loan, and the interest rates charged for
entrepreneurs with high risk is higher than that for entrepreneurs with low risk, ry" > r;. The
difference in interest rates simply reflects the fact that, under perfect competition, the borrowers
receive the entire expected social surplus, and low-risk borrowers enjoy greater expected social
surplus shown in the lower interest rate charged than high-risk borrowers do.

The first-best economic welfare E* under the benchmark is thus obtained by substituting the
results of equilibrium contract ®; into Equations 1 - 3:

E*=2P, G-b—y)+(1-D)(P, G—-b—y)=PG—b—y, o)

where P = AP, + (1—A)P, .

3. Asymmetric Information and Government Loan Guarantees

Consider a government loan guarantee program that guarantees a proportion L of each private
loan made by program-targeted entrepreneurs. In other words, the bank, in case of facing default, is
guaranteed L percent of the loan payment. To facilitate comparison, we assume that only one type of
the entrepreneurs is the targeted group at a time. Assume that the government finances loan
guarantees through imposition of a lump-sum tax. The government has access to the same
information as the banks; therefore, under asymmetric information, each borrower knows its own
type, but the bank and government cannot distinguish among borrowers. The bank and government
know that a fraction 4 of these borrowers are high-risk types and that (1 — A1) are low-risk types.
The information structure of including government loan guarantees into the model is shown in
Figure 2.

0 1 2 3

' | ' ' » Time
government announces banks and borrowers project returns  government executes
loan guarantees determine loan contracts realized loan guarantees

Figure 2. Information structure of government loan guarantees.

At first, government announces that at which risk type of entrepreneurs the loan guarantee
program is targeted. Banks, taking the loan guarantees as consideration, determine the optimal loan
contract with the borrowers. To make every borrower truthfully reveal their risk type, the loan
contract requires meeting the condition of incentive compatibility. After entrepreneurs’ project
returns are realized, if the entrepreneurs cannot pay back the loan, the bank takes their collateral if it
is pledged and collects the promised loan payment from the government if the loan is guaranteed.

Building on Besanko and Thakor’s hints that, without any government credit policy [3], low-risk
borrowers choose to pledge collateral, we first discuss the effects of loan guarantees targeting low-
risk borrowers. Then we compare these effects when loan guarantees are targeted at high-risk ones.
In both cases, we assume that borrowers” wealth is sufficient that the pledge of collateral does not
constitute a binding constraint on them.
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3.1. Loan Guarantees Target Low-Risk Entrepreneurs

When government announces it will guarantee L percent of the loan payment for low-risk
entrepreneurs, the zero-profit condition for the bank that makes a loan to low-risk borrowers becomes
P, +(1—P, )BC, +(1—P, )Lr, =y.Thefirstterm P, r, isthe bank’s gross interest revenues
if the entrepreneur’s project succeeds and pays back the debt. The next two terms, (1 —P, )BC, +
(1—P, )Lr, , describe that the bank receives collateral and guaranteed loan payment if the
entrepreneur’s project fails. Government financing this guarantee program needs to collect T* lump-
sum taxes, T* = (1 — A)m, (1 — P, )Lr, , which equals multiplication of the proportion of low-risk
borrowers, the probability of granting the loan, the probability of failure of the project, and the
guaranteed loan payment.

The equilibrium contract ®f = {7}, C}, @}, i = 1,2} solves the following problem (We label the
equilibrium contract under asymmetric information and unbinding collateral constraints as ®; and
adding a subscript L, ®", express there are loan guarantees targeted at low-risk borrowers.):

Max. Amy I, + (1 —=Dm, I,

S.L.
m P, (G-1 )—(1-P )C, =b}z2m, {P, (G—1, )—(1—P, )C, —b} (5a)
m{P, (G-1,)—(1-P,)C, —b}=m {P, (G—1, )—(1—-P, )C; — b} (5b)
0<m <1,i=1.2 (6)
0<C <W,i=12 )
Pr +(1-P )BC, =y (8a)
P, +(1-P,)BC, +(1—P, )Lr, =y (8b)

Equations 5a and 5b are the incentive compatibility constraints. With asymmetric information,
the optimal loan contract obtained under perfect information, ®; = {r;", ¢/, 7, i = 1,2}, cannot satisfy
the incentive compatibility constraints. The reason is that, under perfect information, no collateral is
required for either type of borrowers, and high-risk borrowers are charged a higher interest rate,
causing them to have an incentive to disguise themselves as low-risk ones. The bank’s contract must,
therefore, satisfy these incentive compatibility constraints. Equations 6 and 7 are feasibility
conditions. Equation 8a is the bank’s zero-profit condition when it loans to high-risk borrowers,
whereas Equation 8b is the similar condition when the bank loans to low-risk borrowers who are
included in loan guarantees.

The solution of this contract is as below:

FIL :7/[{15 élL =0, ﬁlL =1,

s _r=0=P)BC, o AP, ~R)+(1-P)L] -

© B+(1-R)L P [B(I-R)+R (-P)Bl+(1-B)1-P)L"

Obviously, without loan guarantees, L =0, the equilibrium contract under asymmetric
information and unbinding collateral constraints is the same as the one in Besanko and Thakor [3],
denoted by ®; ={f; ,C; ,@; ,i = 1,2} and depicted in Figure 3. The separating equilibrium consists
of two contracts: one is located at point a chosen by high-risk borrowers, and the other is located at
point ¢ chosen by low-risk borrowers.
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0 C, C
Figure 3. Without loan guarantees: unbinding collateral constraints.

However, when loan guarantees are targeted at low-risk borrowers, the bank’s zero-profit
condition, which includes guaranteed loan payment from government, implies that low-risk
borrowers can retain greater expected social surplus than they can without government loan
guarantees. This can be shown from the inward movement of line B; = 0 to Bf = 0 and low-risk
borrowers’ expected utility line I3 to I5 in Figure 4. Low-risk borrowers take the contract at point
c" instead of point ¢, pledging more collateral in exchange for a lower interest rate. Not surprisingly,
high-risk borrowers choose the same contract as the one without a government loan program.
Lemma 1: With unbinding collateral constraints, loan guarantees targeting low-risk entrepreneurs
increase the amount of collateral (C} > C, ) and reduce the interest rate (7% <7, ) for low-risk
entrepreneurs in equilibrium contract.

Proof: L=0, C/=C, . dCl/dL>0, Ci>C,, VL>0.L=0, 5"=7
dr,t 1dL<0, 7' <7 , V L>0.

Lemma 1 shows that the amount of collateral pledged by low-risk borrowers, C%, is increasing
with the L percent of loan guarantees, and the interest rate charged for low-risk borrowers, 7y, is

decreasing with L; thus, compared with (C, ,7, ) in the absence of loan guarantees, C} > C, and
-
Ty < Ty .

Figure 4. Loan guarantees targeting low-risk types: unbinding collateral constraints.

Under asymmetric information, interest rates alone cannot sort out borrowers of different risk
types; collateral requirements serve as an incentive mechanism. Without government credit policy,
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low-risk borrowers have pledged collateral in exchange for a lower interest rate than that under
perfect information. With loan guarantees that make a further lower interest rate possible, the
incentive of pledging more collateral becomes even stronger. As long as their wealth is sufficient to
pledge collateral, the loan is granted with a lower interest rate.

The social welfare under the economy with loan guarantees targeting low-risk entrepreneurs is
labeled as E* and is obtained by summation of the expected entrepreneur utility and bank profit,
subtracting the cost of the loan guarantee program, T*. That is,

' = a7t (T-+B)+(1-2) 7 (T- + BY)-T* ©)
Substituting the results of equilibrium contract ®* into Equation 9, we obtain:
E'=PG-b-y-(1-)(1-P,)(1-B)C; (10)
Similarly, the economic welfare without loan guarantees is calculated using the contract ®; ,
E=PG-b-y-(1-A)1-P)1-B)C, (11)

Compare economic welfare with loan guarantees targeting low-risk borrowers, E", and that
without loan guarantees, E, ie., Equations 10 and 11:

E'-E=(1-2)(1-p)(1-P,)C, -Cy)<0
In addition, we also know:
I'-T, =0,and T/ ~T, = P, (-7 +(1-B)(C, ~C) >0 (12)

Proposition 1 summarizes these results of welfare comparison.
Proposition 1: With unbinding collateral constraints, loan guarantees targeting low-risk
entrepreneurs increase these entrepreneurs’ utilities and leave high-risk entrepreneurs’ utilities the
same. Moreover, this loan guarantee scheme decreases overall economic welfare.

The reason that loan guarantees reduce the overall economic welfare is attributed to their raising
of collateral. Pledging collateral is socially costly because of its lower valuation by banks than by
entrepreneurs.

3.2. Loan Guarantees Target High-Risk Entrepreneurs

This section turns to the discussion about the effects of loan guarantees if the targeted group that
government chooses to assist is the high-risk type of borrowers. From Proposition 1, loan guarantees
targeting low-risk borrowers are harmful to the overall economic welfare because they deteriorate
asymmetric information problems in the credit market. Low-risk borrowers are forced to pledge more
collateral than they ever did to sort themselves out from high-risk borrowers and deter high-risk
borrowers from disguising themselves as low-risk ones. Loan guarantees, however, increase a
targeted group’s welfare, resulting in putting up too much collateral at a cost of reducing overall
economic welfare. Can loan guarantees targeting the other type of borrowers remedy their dilemma
on distributive and overall welfare effects?

When loan guarantees target high-risk entrepreneurs, government guarantees L percent of their
loan payment, and the zero-profit condition for the bank that makes a loan to high-risk borrowers
becomes P, 1, + (1 - P )[)’C1 + (1 - P )Lr1 = y. Similarly, assume that the government finances
loan guarantees by collecting T" lump-sum taxes, T" = Am; (1 — P, )Lr, . The economic welfare
associated with this loan program, EY is thus expressed as follows:

E" 27! (T + B+ (1-2) 7! (T + B! )-1" (13)

The equilibrium contract is similarly derived as that in Section 3.1, except by replacing Equations
8a and 8b with the following two Equations.
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Bri+(1=R)BC +(1-R)Lr =y
Pry+(1-PR) BC, =y

We denote the equilibrium contract when loan guarantees targeting high-risk borrowers as

& = {7H,CH,7l,i = 1,2}. The solution of this contract is as below:

—H _ Y —~H

o= ’ Cl :0’ ﬁlH:l’
R+(1-R)L

B -
7H=7_(1_P2)ﬂC2 . CM= LA-R)+HA . owl =

’ P " R(U-R)-R(-P)B
Again, without loan guarantees, L = 0, the equilibrium contract under asymmetric information
and unbinding collateral constraints is the same as the one in Besanko and Thakor [3], labeled by
o, = {fi G 0= 1,2} and depicted in Figure 3. When loan guarantees are targeted at high-risk
borrowers, the bank’s zero-profit condition implies that high-risk borrowers can retain greater
expected social surplus than they can without government loan guarantees. This can be shown from
the inward movement of line B = 0 to B = 0 and high-risk borrowers’ expected utility line I; to
If! in Figure 5. Low-risk borrowers take the contract at point ¢ instead of point ¢, pledging less
collateral than they do without a government loan program. For high-risk borrowers who can apply

loan guarantees, they pay less interest and still do not pledge any collateral.

D, at

1
1
1
B
0 ¢/l C, C

Figure 5. Loan guarantees targeting high-risk types: unbinding collateral constraints.

Lemma 2: With unbinding collateral constraints, loan guarantees targeting high-risk entrepreneurs
decrease the amount of collateral (C < C, ) and increase the interest rate (7§l > 7, ) for low-risk
entrepreneurs in equilibrium contract. The targeted high-risk entrepreneurs pay less interest (7 <
7, ) and pledge no collateral (Cf' = 0).
Proof: L =0, CZH =C,. dCZH/dL<0, CZH <C,, VL>0.

L=0, %" =% .d5"/dL>0, 5" >7% , VL>0.

L=0, 7" =% .di"/dL<0, 7" <% , VL>0.

Lemma 2 shows that when loan guarantees target high-risk entrepreneurs, the amount of
collateral pledged by low-risk borrowers, Ch,is decreasing with the L percent of loan guarantees;

the interest rate charged for low-risk borrowers, 7 is increasing with L; and the interest rate charged
for high-risk borrowers, 7{!, is decreasing with L. Thus, compared with (C, ,7, ) in the absence of



Sustainability 2020, 12, 3922 10 of 15

loan guarantees, C < C, and 7} >, , and the targeted high-risk entrepreneurs pay less interest
<7 ).

When high-risk borrowers are the targeted group for loan guarantees, banks offer them a lower
interest rate, mitigating the problem of misrepresenting themselves as low-risk borrowers. Thus, the
role of collateral as a signaling device for deterring high-risk borrowers from choosing a low-risk
borrowers’ contract is not as important as that in Section 3.1 and that without government loan
guarantees. Aside from interest rate and collateral, both types of borrowers are granted credit because
of their sufficient wealth to pledging collateral.

The economic welfare when loan guarantees target high-risk entrepreneurs, E¥, is obtained by
substituting the results of equilibrium contract ®{ into Equation (12):

E" =PG-b-y-(1-2)(1-P,)(1-BC)' (14)

Compare Equation 14 with the economic welfare without loan guarantees E in Equation 11 to
have:

E"—E=(1-)(1-P)(1-A)C,-C)>0
In addition, the following comparison holds, which leads us to Proposition 2.

I"-1, =-B, (7" =% )>0
L'-1, =-(1-P)C)'-C,)-P, (%" -1 )

__ LU=PpU-R)-P)A .
[LO=P)+R R (-R)=R (-P)B}

Proposition 2: With unbinding collateral constraints, loan guarantees targeting high-risk
entrepreneurs increase both types of entrepreneurs’ utilities, as well as overall economic welfare.

Loan guarantees targeting high-risk entrepreneurs are Pareto improving in the sense that they
increase overall economic welfare. The reason that loan guarantees improve welfare lies in their
effectively reducing the amount of collateral pledged. Even if collateral plays a screening role in the
imperfectly informational credit market, pledging collateral is socially costly. With a loan guarantee
program carefully designed to target high-risk borrowers, it cures partial imperfect information, and
therefore increases the efficiency of the credit market.

4. Binding Collateral Constraints

If the entrepreneur does not have sufficient wealth to provide collateral, the collateral constraint
then turns out to be binding. In this case, if there is no government loan program, the equilibrium
contract sets C, = W . Because the collateral needed for self-selection exceeds W, a collateral
requirement of W is insufficient to deter high-risk borrowers from choosing the low-risk contract.
Banks respond to this incentive compatibility problem by reducing the probability of extending credit
to a low-risk borrower; thus, rationing exists even with collateral.

We depict the result of equilibrium contract when W imposes binding constraint on collateral in
Figure 6. The noteworthy feature of this contract labeled as ff'i = {ﬁ- ,(fl- S 1= 1,2} is that low-
risk borrowers face some likelihood of being explicitly denied credit even though the bank’s supply
of loanable funds is unconstrained.



Sustainability 2020, 12, 3922 11 of 15

Figure 6. Without loan guarantees: binding collateral constraints.

Corollary 1: (Proposition 3 of Besanko and Thakor [3]) If p y(B —hF) , then the Nash
K(1-R)-R(1-P)p

equilibrium under asymmetric information is given by:
R=yR"', C =0, # =1.
; _y-(A=B)WV -~ RG-b-y

=, G =W, 7, =
b

-(1-P)pW '
P [G—M]—(I—Pl W —b
b
It is assumed that /P, >(1—-P; )/(1 =P, ),and 7, < 1.
The economic welfare under a binding collateral constraint is similarly derived as:

E=2{RG-b-y}+(1-2)2,{BG-(1-B)(1- B)W -b-y} (15)

Comparing this economic welfare with the one without a binding effect on collateral, Equation
11, we obtain:

E-E=(1-2)#, {PZG (1-£)( ﬂ)W}—(l—l)ﬁz {PZG (I-R)(1 ﬁ)CZ}<0
—b-y —b-y

High-risk borrowers take the same contract regardless of whether collateral constraints are
binding or not. Their expected utilities are the same in either case. However, low-risk borrowers are
those who face the problem of insufficient wealth to pledging collateral, and are credit-rationed even
more severely than they were without a binding constraint. The expected utilities of low-risk
borrowers are reduced, as is the overall economic welfare in this binding constraint case.

Under these circumstances, we ask whether economic welfare will be improved if loan
guarantees target low-risk borrowers.

4.1. Loan Guarantees Target Low-Risk Entrepreneurs

We depict the equilibrium contract under a binding collateral constraint, C, = W, and loan
guarantees targeting low-risk borrowers in Figure 7 and denote the contract as ®} = {#",C}, #tf,i =
1,2}. The solution of this contract is as below:

fiLzyg_lﬂ élLZO’ 7%1L:19
s _7=(=P)pW
' PB+(-PR)L’

RG-b-y

Cy =W, # =

2 ’ 2 = .

RiG-2= R - pyw b
LU-P)+P,
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Figure 7. Loan guarantees targeting low-risk types: binding collateral constraints.

Lemma 3: Loan guarantees targeting low-risk entrepreneurs who face a binding collateral constraint
will lower their probability of granting the loan.
Proof: L=0, 7%2L =7,. d7y /dL <0, 7%2L<7%2, VvV L>0.

Obviously, the probability of granting the loan for low-risk borrowers is decreasing with the L
percent of loan guarantees. Lemma 3 shows that, when low-risk entrepreneurs do not have sufficient
wealth to provide collateral, they face an even greater severe credit rationing situation with
government guarantees than without it. Under the contract, ®F = {7, Cf, #f,i = 1,2}, we calculate
economic welfare when loan guarantees target low-risk borrowers who face a binding collateral
constraint:

E'=2{R G=b=p}+(I=D)A AR, G~b—y~(1=P, )1~ )WV} (16)

Compare economic welfare with and without loan guarantees, that is, compare Equations 15
and 16:

E'—E=01-2)Af -#){B,G-(1-B,)(1-BW -b-y} <0,

if G>[(1-P,)(1-BW —b-y]/P,.

Proposition 3: If the returns of the risky project succeeds are big enough,
G>[1-B)A-BW -b-y] / P, . Loan guarantees targeting low-risk entrepreneurs who face a binding
collateral constraint deteriorate credit rationing and reduce overall economic welfare.

With loan guarantees, banks charge a lower interest rate to low-risk borrowers at a cost of
requiring more collateral. However, if low-risk borrowers’ wealth is insufficient to pledging
collateral, they are rationed even more severely in the credit market than they are without loan
guarantees.

4.2. Loan Guarantees Target High-Risk Entrepreneurs

When loan guarantees target high-risk entrepreneurs under the circumstances that
entrepreneurs’ wealth is insufficient to pledge collateral, the equilibrium contract is shown below

and depicted in Figure 8.
’A'lH: z élH: /ﬁlH:L

R +(1-R)L’

— — "H ~
fZsz/ (1 ])Pz)ﬂc2 , CZHZW,
2
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Figure 8. Loan guarantees targeting high-risk types: binding collateral constraints.

Lemma 4: Loan guarantees targeting high-risk entrepreneurs will raise the probability of granting
the loan for low-risk entrepreneurs who face a binding collateral constraint.

Proof: L=0, 7 =#,. azf'/aL>o0, 7 >#,, Y L>0.

Now, the probability of granting the loan for low-risk borrowers is increasing with the L percent
of loan guarantees. Lemma 4 shows that when loan guarantees target high-risk entrepreneurs and
low-risk entrepreneurs face binding collateral constraints, this loan guarantee scheme indeed loosens
low-risk entrepreneurs’ credit rationing. When high-risk borrowers are the targeted group for loan
guarantees, banks offer them a lower interest rate, easing the incentive compatibility constraint with
which they should abide. This was supposed to be shown, in part, by the reduction of low-risk
borrowers’ collateral pledge. However, if low-risk borrowers” wealth is insufficient so that collateral
constraint is binding, this intention should be shown by increasing the chance of granting credit for
low-risk borrowers.

Using the contract, ®f' ={#",C/",#',i =12}, we calculate economic welfare when loan
guarantees target high-risk borrowers:

E" =24R G=b=p}+(1= DA {R,G~(1=B)(1- f)W b~} (17)

Compare economic welfare with and without loan guarantees, that is, compare Equations 15
and 17:

E" —E=(1-2)(# -#){P,G-(1-B)1=- W ~b=7} >0
Also, the welfare comparison for each type of entrepreneur is shown below:
ilH _il =-P (A" =#)>0,
I =1, =& —#)[P,(G+W)-b-W]>0.

Proposition 4: Loan guarantees targeting high-risk entrepreneurs will mitigate low-risk
entrepreneurs’ credit rationing and increase all entrepreneurs’ welfare, as well as overall economic
welfare.
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From Figure 8, if government raises the proportion of loan guarantees, there will be further
inward movement of line Bff = 0 and high-risk borrowers’” expected utility line If’. The increase in
high-risk borrowers’ expected utility alleviates further their incentive compatibility constraint of not
misrepresenting themselves. Banks are willing to further reduce the requirement of low-risk
borrowers’ collateral. Proposition 5 states the condition of loan guarantee size for high-risk borrowers
such that collateral pledge for low-risk entrepreneurs no longer constitutes a binding constraint for
them.

Proposition 5: If government guarantees a larger percent of loan payment for high-risk
entrepreneurs, it may lessen the collateral requirement for low-risk borrowers, so that they no longer
face a binding collateral constraint.

7h P,

Proof: aH—W<0,if L>
’ %@a—ﬁn—ﬁea—%nW+ye

~B}(1-R)".

5. Conclusions

Are loan guarantees the welfare-improving policy to channel assistance to targeted classes of
borrowers? Our analysis of a competitive credit market with asymmetric information indicates that
the answer depends on at whom a loan guarantee program is targeted. The results of this paper
suggest that government loan guarantees should target high-risk entrepreneurs. On the one hand,
loan guarantees targeting high-risk entrepreneurs reduce a pledge of collateral in credit contracts,
save social costs, and increase economic welfare. Under the circumstances that borrowers’ insufficient
wealth causes a binding collateral constraint, loan guarantees targeting high-risk entrepreneurs
alleviate the problem of credit rationing, thus improving economic welfare.

Government loan guarantees targeting low-risk entrepreneurs are harmful to the overall
economic welfare because they deteriorate asymmetric information that already exists in the credit
market. Low-risk entrepreneurs must pledge more collateral to sort themselves out from high-risk
entrepreneurs. Taking into account transaction costs of liquidating collateral, the placing of collateral
is socially costly. Thus, loan guarantees targeting low-risk entrepreneurs result in putting up too
much collateral at a cost of reducing overall economic welfare. On the contrary, loan guarantees
targeting high-risk entrepreneurs are Pareto improving because they mitigate the incentive
compatibility constraint, effectively reduce collateral pledge, and increase economic welfare.

When sufficient collateral is not always available, asymmetric information in the credit market
leads to endogenously arising credit rationing. Loan guarantees targeting low-risk entrepreneurs
worsen the problem of credit rationing, whereas loan guarantees targeting high-risk entrepreneurs
can alleviate it. The subsidy to high-risk borrowers decreases the incentive for misrepresentation of
the type, which, in turn, reduces the need for banks to utilize credit rationing as a sorting device. Our
findings suggest that well-intended efforts to “target” assistance to those denied credit may not be
desirable on overall economic welfare grounds.

Our findings support the rationale for loan guarantees that a loan guarantee can lower the
amount of collateral; furthermore, its target at riskier borrowers is in fact a welfare-improving
mechanism. Loan guarantee schemes around the world differ in their design and the choices of the
design can be crucial to the success and financial sustainability of these schemes [25]. Since loan
guarantees have significantly expanded in the aftermath of the global financial crisis, their financial
sustainability attracts more attention. It deserves a future study of the evaluation of the design of loan
guarantees taking into account their financial sustainability.
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