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ABSTRACT

We analyze the loan market under symmetrically imperfect information: the project quality is
unknown to both a bank and a firm, but it is revealed with noise to the bank with cost. We show that
there are three equilibria, that is, (i) a screening and separating equilibrium, (ii) a non-screening and
pooling equilibrium, and (iii) a non-screening, cheap-information based separating equilibrium.
They emerge depending on parameter values and are all socially optimal. In particular, the screening
and separating equilibrium emerges when the average project quality is low, or when the
international interest rate is high. Policies, such as credit easing, business subsidy, and public loan
guarantees, make banks reduce or even stop screening. Then, more capital is allocated to unviable

firms, resulting in a smaller national income and lower social welfare.
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I INTRODUCTION

We propose a theory of banks’ screening of firms based on symmetrically imperfect information.
Should banks screen before lending? What is the optimal level of bank screening cost? Is it socially
optimal to introduce policies, such as credit easing or public loan guarantees?

Our approach is to view the bank screening process as an optimal mechanism when both a creditor
and a borrower do not know a borrower’s type. However, before extending a loan, a bank can obtain
an imperfect signal with a cost on a loan applicant’s real type, which the loan applicant itself does
not know. We also assume that the larger the bank paying the screening cost, the more accurate
signal the bank can obtain.

Our assumption on information is somewhat different from the conventional assumption of
imperfect information, that is, asymmetric information, with which borrowers know their types but
lenders do not. We assume that borrowers themselves do not have information on their own types
until the production takes place. This informational setup, we think, better captures the real world
loan market for small- and medium-sized enterprises (SMEs), especially if SMEs are uncertain
whether they can survive when they apply for loans.

We first analyze a baseline model without a government. It is a one-period model, with five stages.
Firms’ types are predetermined, but they behave identically ex ante in the loan market, because they
are unaware of their types. Banks are identical ex ante and offer loan contracts with contingencies.
After receiving loan applications, banks screen, that is, obtain signals of loan applicants with
screening cost, and then accept or reject loan applications following the contingencies specified in
the loan contract offer. Finally, the firms that receive loans either produce and repay the loans or go
bankrupt.

The baseline model shows that the economy has three types of possible Nash equilibria: a
screening and separating equilibrium (SS), a non-screening and pooling equilibrium (NP), and a

non-screening, cheap-information based separating equilibrium (NS).2 It is optimal for banks not to

ZBoth banks and firms are usually indifferent between NS equilibrium and NP equilibrium, because banks do not pay to
screen in both equilibria. An exception emerges with some government policies, which we discuss later. Otherwise,
without loss of generality, we focus on NP equilibrium, refering as non-screening equilibrium. Similarly, we refer SS
equilibrium as screening equilibrium hereinafter.



screen under some conditions. When the efficiency of screening is low, the economy ends up with a
non-screening equilibrium because the screening cost is simply higher than the loss associated with
the higher default without screening. When the average project quality is high, like in booms, the
economy ends up in the non-screening equilibrium because the probability of default is sufficiently
low even with a random selection of loan candidates. In addition, a non-screening equilibrium is
selected (i) when the international interest rate is low; (ii) when a good firm’s output is high; or (iii)
when a bad firm’s output is high (e.g., the cost of default is low, or the recovery upon default is high).

We prove that all types of Nash equilibria are constrained social optimal. We also calculate the
gross domestic output and the national income of the baseline model. In the case where the
screening equilibrium prevails, the national income is larger, (i) when the efficiency of screening
increases, (i) when the average project quality increases, (iii) when the international interest rate
increases, (iv) when a good firm’s output increases, or (v) when a bad firm’s output increases. In the
case where the non-screening equilibrium prevails, the national income is larger, under the mostly
same conditions as above. However, the efficiency of screening and the international interest rate do
not affect the national income in the non-screening equilibrium because there is no screening and no
divergent to foreign investment exist in the non-screening equilibrium.

Governments may support bank loans to small- and medium-sized enterprises (SMEs), for
example, by credit easing, or by providing loan guarantees, which are available in major countries.
This is because SMEs are often regarded as facing financial constraints, as they do not possess
sufficient collaterals and are not qualified to enter the stock market. SMEs’ supporting programs
were introduced or reinforced amid the Covid-19 pandemic, for example, the Financial Stability
Board (2021). Empirical analyses are made for Japan, as in Hoshi, Kawaguchi and Ueda (2022), for
Germany, as in Dorr, Murmann and Licht (2021), and for Europe wide, as in Bighelli, Lalinsky and
Vanhala (2022).

As extensions of our theory, we examine credit easing, business subsidies, and public loan
guarantees. With credit easing, a non-screening equilibrium is more likely to emerge than in the
baseline. The credit easing brings welfare loss, since banks loosen the screening standard, allocate
excess funds to the domestic market, and extend loans to unviable firms. With direct subsidies to

business, a non-screening equilibrium is more likely to emerge than in the baseline, resulting in



welfare loss due to the same reason as in the case with credit easing. With public loan guarantees,
there exists only one Nash equilibrium, that is, a non-screening, cheap-information based separating
equilibrium. The public loan guarantees bring welfare loss again because banks stop screening,
invest all to the domestic market, and extend loans to unviable firms. In other words, banks do not
make efforts to screen firms but provide loans with low rate to firms with bad signals so that those
firms survive perfectly. This mechanism seems to explain the emergence of zombie firms under
public loan guarantees.

Lastly, in Appendix I, we drop the assumption of fixed-size loan contracts, and endogenize the
loan size under the assumption of a constant-returns-to-scale production function. We find our main

conclusions still hold.

Related Literature

Our approach is similar to the theoretical literature on the adverse selection in credit markets. The
most closely related paper is Figueroa and Leukhina (2015) who develop the DSGE model under
adverse selection. They define the contract loan size as the lending standard which banks use to
achieve self-selection. They show that in a boom period, banks tend to relax constraint on loan size
and have a pooling equilibrium. In a boom, better economic conditions raise overall returns to
investment, so larger loans are made to a worse mix of borrowers. Dell’ Ariccia and Marquez (2005)
model the collateral requirements related to the lending standard. In a boom period, when collateral
liquidation cost is bigger than the loss from lending to bad firms, banks offer pooling contracts.
Although the two papers have slightly different definitions of lending standards, the main intuition is
similar in that during a boom period, the average project return increases, the costs associated with
financing bad borrowers becomes lower than the costs associated with a tight lending standard, thus,
lending to bad firms becomes optimal.

However, while the two papers rely on the adverse selection mechanism, Bisin and Gottardi
(2006) theoretically prove that the adverse selection in a general equilibrium with more general
contracts selects separating equilibrium, not pooling equilibrium. In contrast, our model is not based
on the adverse selection, and, therefore, switching to a pooling equilibrium happens with very

general contracts. Indeed, empirically, Dvorkin and Shell (2017) show that in a bad recession, loan



demand decreases and loan standard is tightened, and the loan market shuts down. Our model can
explain these empirical tendencies.

Another closely related paper is by Gorton and Ordonez (2014). In their paper, lenders make
collateral loans to borrowers. The final value of collateral is random. Lenders investigate the final
value of collateral but with costs. The information about collateral is independent to project quality
and, thus, costly acquiring the information is a waste of resources. They find two equilibria, a
separating equilibrium with information sensitive loan contracts, and a pooling equilibrium with
information insensitive loan contracts. Our model also assumes imperfect information ex ante.
However, different from Gorton and Ordonez (2014), we assume banks screen to acquire information
about the project itself, which can improve social welfare, as in the case with Greenwood and
Jovanovic (1990) and Townsend and Ueda (2006). In addition, Gorton and Ordonez (2014) assumes
the information is always accurate. However, we allow continuous degrees of screening cost and
associated signal accuracy.

Lester et al. (2019) also argue that additional information reduces welfare. They incorporate
imperfect competition into a standard adverse selection model, and show that a small increase in
information (introduction of a free but noisy signal) reduce welfare when the market competition is
strong and that additional information has no effect on welfare under perfect competition. In
contrast, we assume banks engage meaningful and costly screening efforts.

Regarding costly acquisition of information, Townsend (1979) is a seminar paper, in which he
introduced the costly state verification, which assumes lenders can verify asset quality ex post with
costs. Bernanke, Gertler and Gilchrist (1999) applied it to a macroecnomic model on financial
accelerator. Wang and Williamson (1998) build a model in which lenders can use costly screening ex
ante to perfectly observe borrowers’ types which borrowers themselves know. The loan contract
includes repayment and probability of screening, contingent on borrower types. They concluded that
there is only separating equilibrium with self selection. Good borrowers strictly prefer a separating
contract because there is no cross-subsidy to bad borrowers. In contrast, we assume firms do not
know their own types, just like banks have no information, and it needs the costly screening that
reveals true types though imperfectly. As a result, in our model, there exists a pooling equilibrium in

which banks ease the lending standard and lend to all firms.



In terms of information processing, Van Nieuwerburgh and Veldkamp (2010) use the reduction in
entropy to measure screening technology, which is fairly complicated. Our model assumes a simpler
screening technology. The closest paper to our screening technology is Ferrante (2018), who defines
banks’ costly screening as selecting good projects with information accuracy increasing linearly in
screening efforts. Their cost function of screening efforts is assumed to be quadratic, in order to get a
closed-form solution. Also, Freixas and Rochet (2008), in Chapter 2, introduce a simplified version
of Bayesian learning for a moral hazard problem using binary signals. We combine the latter two
approaches and assume binary signals and simple Bayesian laws for banks to update the information
of types after the costly screening.

Regarding the policy implications of zombie firms, our results are similar to Caballero, Hoshi and
Kashyap (2008). Caballero et al. (2008) focus on the effects of zombie firms on the economy, such
as productivity, investment, and employment, and classify firms as zombies based on whether they
receive loans lower than market rates. Zombie firms are considered to be produced by an
evergreening lending strategy by distressed banks. Banks roll over loans to insolvent borrowers, and
are unwilling to call in nonperforming loans for the risk of breaking the capital adequacy ratio.
Rather, we focus on the economic environment, such as a low interest rate and return differences
among firms. Moreover, we show how zombie firms are produced by policies, such as public loan
guarantees, credit easing, and direct subsidy to business. We show under those policies banks are
demotivated to screen loan applicants, in other words, have a non-screening equilibrium and lend to
unviable firms, thus, generating zombie firms.

The rest of the paper is structured as follows. Section 2 describes the model setup. Section 3
solves the optimal decisions of the baseline. Section 4 solves the social planner’s problem and
discusses the characterization of equilibrium. Section 5 discusses the policy implications of

government subsidies. Section 6 concludes.



II THE MODEL SETUP UNDER IMPERFECT INFORMATION

A Environment

There are n banks, m firms, and the same m depositors/investors in the market. Each firm has a
project that requires 1 unit of investment. Each depositor/investor has 1 unit of funds to save in
banks or invest abroad with a fixed return R. Overall, there are m units of fund supply in this
economy. Banks, as financial intermediaries, borrow from depositors and lend to firms. Banks can
also invest abroad, with fixed return R.? Firms are heterogeneous. We assume that firm types are
unknown to both the firms themselves and banks before lending. Banks screen firms based on loan

applications but with a cost and receive imperfect information on the project returns.

Firms

Firms are risk neutral. Each firm has no initial wealth, borrows funds to invest in one unit of
project, and produce the same final goods. Each firm is either of two types: good or bad type, which
the firm cannot know ex ante. The probability of being a good firm is f, and the probability of being
abad firmis (1 — f). Hence, in the market, there are fm good firms and (1 — f)m bad firms. This
type distribution is public information ex ante, although the specific type of each firm is not observed
by anyone. A good firm produce G amount of goods from 1 unit of investment, while a bad firm
produce B amount. We assume that output G and B are fixed with G > R > B, where R is an
exogenous international interest rate.

Every firm relies on a loan to finance the project. If a firm does not obtain a loan, the firm exits. A
firm’s type is perfectly revealed only at the production stage after the production. The firm chooses
to repay the loan in full or default. For the sake of simplicity, we assume that the firm has limited
liability and that, if default, all the firm’s output will be taken by the lender bank. Note that, without
loss of generality, we consider only debt-type contracts. However, “default” can be considered as a

contingent return like an equity-type contract.

3Later, we show that due to competition among banks, the depositor’s return from bank deposit becomes R, the same as
the return from investing abroad.



Banks

Banks are risk neutral. Banks are identical and issue loan contracts to firms. Each loan contract
has a fixed loan size of one.* Banks can also invest abroad and receive a gross return R. Due to
competition, banks end up paying the depositors R, and banks’ zero-profit constraint is binding.

A bank’s strategy consists of offering a loan contract to a firm with contingencies and screening
the firm, that is, collecting information with screening cost C' to observe the signal of the firm’s type.
The signal is not public, observed only by the bank and the firm involved in the screening. The
signals of firms’ types are not perfect, that is, not necessarily the same as firms’ real types. The
signals of firms’ types are denoted as {G, B}, while the real types of firms are denoted as {G, B}.

The accuracy of a signal is assumed to be related to the screening cost C' that a bank pays and is
expressed as a function of screening cost C, that is, Pr(G|G, C) or Pr(B|B,C). On the other hand,
the correctness of a signal is expressed as Pr(G|G, C) or Pr(B|B, C'). Note that the accuracy
PT(G]@ , (') refers to the probability of a signal G is accurately assigned to a GG’ firm by bank under
screening cost C', while the correctness PT(G|G , C') refers to the probability of a bank receiving the
correct signal Gona good firm G under screening cost C'.

Bank’s screening process in this model represents the process of credit scoring in reality. Firstly,
based on the screening budget C, a bank makes a list of screening related actions, for example, a site
visit and an equipment quality check. Secondly, the bank screens each loan applicant based on the
screening check list and obtains a credit score for each applicant. Third, if a bank wants to decide
whether to give a loan or not, the bank should decide a threshold score based on the true probability
of good firms f. Note that the bank knows that there exist f good firms among all loan applicants by
the Law of Large Numbers. Lastly, in this screening case, the bank assigns G signals to firms whose
credit score is above the threshold, and B signals otherwise.

Theoretically, each bank chooses one from four possible lending strategies: a “lend to G only”
strategy, a “lend to B only” strategy, a “lend to both G and B with no cross subsidy” strategy and a
“lend to both ( and B with a cross subsidy” strategy. Here, “cross subsidy” means that B-type firm

can repay conditional on the B signal, while no subsidy means B-type firm cannot repay regardless

“We also endogenize the loan size in Appendix I and obtain similar results.



of signals. Given the lending strategy, the bank decides the screening strategy, that is, the amount of
screening cost C'. Based on the lending strategy and the screening strategy, the required repayment
of a firm becomes contingent on the observed signal. A loan contract offered by bank ¢ to firm 7
includes three parts: a screening strategy, a lending strategy (contingent on screening strategy), and
loan repayments (contingent on production realization). We assume that banks commit to loan
contract specifications throughout all stages, including contingent plans, when offering loan

contracts in stage 1.

Information Properties

1. Pr(G) is equal to f, which is an unconditional probability and public information. When
banks obtain signals, the aggregate portion of firms that have G signals, Pr(é), is naturally

assumed as being equal to f. Hence, Pr(G) = Pr(G) and Pr(B) = Pr(B).

2. The correctness Pr(G|G, C) and Pr(B|B, C) are denoted as f(C) and f5(C'), respectively.

By Bayes’ Law, the correctness and the accuracy share the same probabilities (see Table 1).

Pr(G|G, C)Pr(G)

fa(C) = Pr(G|G,C) = Pric) = Pr(G|G, C), and
_ prplp.oy  PrBIB.CYP(B)
f8(C) = Pr(B|B,C) = PrB) — Pr(B|B,0).

Table 1 summarizes the key probabilities regarding signals.

True type For G firm For B firm
Unconditional prob. Pr(G)=f Pr(B)=1-Ff
Accuracy Pr(G|G,C) = fo(C) Pr(B|B,C) = f5(0)
Inaccuracy Pr(G|B,C) =1— fz(C) Pr(B|G,C) =1 — fa(C)
Signal For G firm For B firm
Unconditional prob. Pr(G)=f Pr(B)y=1-f
Correctness Pr(G|G,C) = fa(C) Pr(B|B,C) = f5(C)
Incorrectness Pr(G|B,C) =1 — f5(C) Pr(B|G,C) =1 — fa(C)

Table 1: Key Probabilities regarding Signals
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3. The correctness is assumed to naturally have the following properties:

3.1 The correctness fi(-) and fp(-) are increasing, strictly concave, twice continuously

differentiable, in terms of C, that is,

2
2eQ) o, PHelO) <, 98O ) and PO <

When a bank has more screening budget C, then the bank can afford more screening
related actions and has a better understanding of the applicant, hence, the probability of
signal accuracy increases. However, additional screening related actions are considered

to have diminishing returns as C' increases.

3.2 The correctness fo(-) and fg(-) are increasing in two parameters: f, the portion of good

firms in the market; and « € (0, 1), the efficiency of screening technology; that is,

9fc(C) 8f() 9fB(C) 8f ofB(C)
g'f > (0, 2= >0, gf > 0, and 5(C) - ),

4. On the accuracy, the following properties are naturally given:

4.1 Given the screening cost C, a higher e implies a higher accuracy of a signal PT(G|G ,O).
If the screening efficiency « increases, for example, by introducing digital transaction
records or online meetings, the average cost for one screening related action decreases.
Then, the bank can conduct more screening related actions under the same budget C,
thus, the probability of signal accuracy increases. By Property 2 above, this means

o G( > 0, the same as Property 3.2. Similarly, af L ( > 0.

4.2 Given the screening cost C, a higher f implies a higher accuracy of a signal Pr(G |C¥ ,C).

The lower bound of the accuracy is Pr(G|G,C' = 0) = f.5 As f increases, this lower

9fa(C)

bound increases. By Property 2 above, this means =5 7

8fB( )

> (, the same as Property 3.2.

Similarly, > 0.

5. Extreme levels of screening costs are naturally defined in terms of the signal correctness:

fg(C = 0) = f, fB<C = O) =1- f, limc_>oo fg(C) =1, and limc_m, fB(C) = 1.

*When C = 0, not only does PrA(G|(A¥, C = 0) = f, butalso Pr(G|B,C =0) = f. Intuitively, since C' = 0, signals
have no information and G and B signals are randomly assigned to firms. So, within G group and within B group, the
portion of G are the same, that is f.
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C = 0 means that the bank does not screen and just receives random signals. On the other

extreme, unlimited cost C' — oo is assumed to give a bank the perfectly accurate signal.

6. For the sake of simplicity, we define a parametric screening function with cost C' as follows.
Here, e is the Euler number, f € (0, 1) is the market share of good firm, o € (0, 1) is the

screening efficiency, and C' € (0, co) is the screening cost.°

Pr(G|G,C) = Pr(G|G,C) = fa(C)=1— (1 — fle ¢,

Pr(B|B,C) = Pr(B|B,C) = fg(C)=1— fe ¢,
B Time Line

Banks | Design screening strategies and lending strategies. Then, offer loan contracts with contingencies.

Firms | Choose one bank to apply for a loan.

“ J

Banks | Obtain signals. Then, accept or reject loan applications with pre-specified terms.

Wi

Firms | Obtain the signal from the bank. Then, accept or reject the loan with specified terms.

“ W

Y

ONOROROR0

Firms | If accepted the loan, invest, and produce. Then, repay or default.

- W

Figure 1: Time line

The model has 5 stages as shown in Figure 1.

* In stage 1, bank 7 chooses and designs screening strategies and lending strategies. Bank ¢
offers its loan contract, the same one for all potential loan applicants. The loan contract terms
are contingent on the signal extracted from the loan applicant in the later stage. Bank ¢

commits the contingencies, which are known to all potential loan applicants.

%The forms of screening functions follow existing literature: Ferrante (2018) and Freixas and Rochet (2008). Ferrante
(2018) assumes that information accuracy increases linearly in screening effort, and the cost function of screening effort
is convex (quardratic). Freixas and Rochet (2008), in Chapter 2, introduce a simplified version of Bayesian learning for
moral hazard using binary signals. We assume binary signals and directly assume that information accuracy is a concave
function of screening cost, satisfying the five properties above. To obtain a closed-form solution, we assume an
exponential function.
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* In stage 2, firm j selects a bank and applies for a loan. In stage 1 and 2, neither bank ¢ nor firm

J know firm j’s real type.

* In stage 3, bank ¢ obtains the signal by investigating applicant firm j with cost C', and bank ¢
then specifies the loan contract terms contingent on firm j’s signal, as described already in the

loan offer.

* In stage 4, firm j updates the belief of its real type by the signal, and then chooses to accept the
loan offer or to reject the offer (and exit the market).” In stage 3 and 4, bank 7 and firm j know

firm j’s signal, but not yet the real type.

* In stage 5, conditional on obtaining a loan, firm j produces goods. Naturally, the real type is

revealed to the public. Then, the firm j chooses to repay the loan or to default.

For the sake of simplicity, we focus on a pure strategy Nash equilibrium, in which banks are

identical, adopt the same screening strategy, and offer the same contracts.’

C Notations

For bank ¢ and firm j, bank ¢’s offer to firm j is defined as x;;,
zij = (Pr(GIG, C), (Re, Lo), (R L) )

where Pr(G |@ , C) represents the level of signal accuracy or screening intensity. R and R are the
required repayments for G and B firms, respectively. L and Ly are the loan sizes for G and B
firms, respectively. We adopt a rather strong assumption about the loan size: either zero or one, that
is, Ly € {0,1} and L € {0, 1}. Also, without loss of generality, R € [0, G] and Rp € [0, G].

In terms of the bank’s lending strategy, denote /i as the allocation ratio of funds to G firms.

Depending on lending strategies, the domain of contract x;; is constrained. There are four cases as

"The screening information is private to the bank and the firm, so that the firm cannot apply loans with the screening
information. For the sake of simplicity, we assume firms do not have opportunities to apply for loans to other banks at
this stage.

8This is quasi-symmetric equilibrium, in which the number of client firms can be different and also firms could take
different strategies (but firms do take the same strategies as will be explained below). Note that banks can take different
strategies in off-equilibrium path.
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below.

Case (1): The lending strategy is “lend to G only,” that is, 1 = 1. S is denoted as the constrained
strategy set of x;; under the “lend to G only” strategy. Pr(G |CATY , (') is an increasing function of C.
When C = 0, Pr(G|G,C) = f; when C > 0, Pr(G|G, C) > f with upper bound Pr(G|G,C) < 1.
It is easy to show R > R. Otherwise, the bank participation constraint is not satisfied. Hence, the

constrained strategy can be written as
Ty = (PT(G|Ga C)) (RévLG)a (RB7LB)> € [fv 1) X [Ra G] X {1} X [OvG] X {O} =S;.

Case (2): The lending strategy is “lend to B only,” that is, j1 = 0. So is denoted as the constrained
strategy set of x;; under the “lend to B only” strategy. It is easy to show Rz > R. Otherwise, the

bank participation constraint is not satisfied. Hence, the constrained strategy can be written as
zij = (Pr(GIG.C), (R L), (R, Lg)) € [£.1) x [0,G] x {0} x [R,G] x {1} = S,

Case (3): The lending strategy is “lend to both G and B with no cross subsidy,” that is, 1 € (0, 1). If
a firm with a bad signal (B) is indeed a bad firm (B), the B firm defaults without cross subsidy. In
other words, the required repayment is higher than the output, 25 > B. Hence, the constrained

strategy can be written as
Ty = (PT(G|CA:7 C)a (RG>LG)7 (R37L§)> € [f> 1) X [Rv G} X {1} X (BaG] X {1} =Ss.

Case (4): The lending strategy is “lend to both G and B with a cross subsidy,” that is, 1 € (0, 1).
Particularly, we only consider the case that good firms subsidize bad firms implicitly, because bad
firms have no room to subsidize good firms. Here, we define a cross subsidy in terms of ex post true
nature of firms (i.e., G and B), instead of the observed terms (i.e., G and B’). If a bad signal firm (E’)
is indeed a bad firm (B5), B firm does not default, in other words, the required repayment is lower

than or equal to the output, R < B. Hence, the constrained strategy can be written as

Tij = (Pr<G!@, C), (Re, Le), (RB,LB)) e[f, 1) x [R,G] x {1} x [0, B] x {1} = S,.
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The overall strategy set for x;; is defined naturally as S = S; U S, U Sg U S4.

There are n banks and m firms in the market. A set of bank ¢’s offers for all firms is denoted as
x; = {xy; }2”:1 € S™, and other banks’ offers as x_; = II};x,. We assume bank ¢’s z;; is the same
for all firms. Firm j chooses one bank (or one loan contract offer) from z; = {z;;}7_, € S™. All loan
offers are denoted as « = {1, ...,z } € S™. E [r/ (2;;)] represents firm j’s expected profit in
stage 2 when firm j faces bank 7’s offer. &/ [ﬂb(xij |x_z)} represents bank i’s expected profit from

bank ¢’s offer to firm 5 in stage 1, conditional on any other banks’ offers.

III OPTIMAL DECISIONS UNDER IMPERFECT INFORMATION

Under imperfect information, we solve the model backward, starting from stage 5.

A Stage S

In stage 5, the active firms are those that have accepted the loan contracts in the previous stage 4.
Firms produce, unveil the real types, and then decide whether to repay loans in full or to default and
declare bankruptcy.’

Similar to the perfect information case (see Appendix A), bank’s profit is 7° = [mg +(1—p) %.
Note that the allocation across true types is not necessarily the same as signal-based allocation /. If
firm j repays the loan, R4 or Ry, the repayment to bank ¢ is contingent on the realization of outputs,
G or B. If firm j declares bankrupt, bank 7 will take over all firm j’s output.

A firm’s repayment obligations are contingent on signals and loan contracts obtained in the
previous stage. Hence, the active firms in stage 5 can be divided into four cases, where /i is bank’s

allocation ratio of funds to G firms. If a firm can repay the loan contract, it will repay. Otherwise, the

firm has to declare bankruptcy, and it will get zero return.

(1) G firms under a “lend to G only” strategy (/t = 1) and screening strategy C', with repayment

RG: S [O, G];

%As long as firms can repay loans, they will repay in full. Otherwise, if they do not repay and declare bankruptcy, they
will only receive zero output.
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(2) B firms under a “lend to B only” strategy (/t = 0) and screening strategy C', with repayment

RB’ € [0, G],

(3) G firms under a “lend to both” strategy (/i € (0,1))'° and screening strategy C, with

repayment R € [0, G];

(4) B firms under a “lend to both” strategy (/2 € (0, 1)) and screening strategy C', with repayment

RB S [0, G]

B Stage 4

In stage 4, the active firms are those that have received the loan contract offers contingent on
signals in the previous stage 3. Each firm is assumed to have applied for one loan contract to one
bank in stage 2, but not all applicants are accepted by banks at this stage. The firm with an accepted
application may have an updated belief of its own real type, based on the signal obtained by the bank
and shared with the applicant firm. The firm with a loan offer has two options, either accepts the loan
contract and produces later in stage 5, or rejects the offer and exits the market in stage 4. Using the
updated belief of its type, the threshold of accepting the loan offer and producing goods becomes

contingent on the signal and the loan contract offer, as follows.

(1) G firms under a “lend to G only” strategy (/t = 1) and screening strategy C, firms accept the

loan offers when Pr(G|G, C)(G — Rg) + Pr(B|G,C) max{0, B — Rz} > 0;

(2) B firms under a “lend to B only” strategy (ft = 0) and screening strategy C, firms accept the

loan offers when Pr(G|B, C)(G' — Rp) + Pr(B|B,C) max{0, B — Rz} > 0;

(3) G firms under a “lend to both” strategy (/2 € (0, 1)) and screening strategy C', firms accept the

loan offers when Pr(G|G, C)(G — Rey) + Pr(B|G,C) max{0, B — Ry} > 0;

(4) B firms under a “lend to both” strategy (12 € (0, 1)) and screening strategy C, firms accept the

loan offers when Pr(G|B,C)(G — Ry) + Pr(B|B,C) max{0, B — Rz} > 0.

lOHereA, the “lend to both” strategy include the “lend to both G and B with no cross subsidy” strategy and the “lend to
both G and B with a cross subsidy” strategy, since both share the same notations.
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C Stage3

With cost C' > 0, bank 7 screens all the loan applications of firms that have chosen bank 7. Then, it
offers loan contracts specifying repayments R and R4 to the selected firms, following
contingencies in the offered loan terms in stage 1. Note that the screening strategy (C') and the

lending strategy (/1) are already decided and committed to in stage 1.

D Stage 2: Firm’s Optimal Problem

Firm 5 selects one bank, and applies for one loan contract, as it maximizes its expected profit by
comparing loan offers.

Specifically, in stage 2, given all banks’ loan contract offers x;, firm j is assumed to choose one
offer, x;;, to maximize firm j’s expected profit as in (1).

max F [ﬂ'f(l'ij)} : (D

Tij €T,

which can be expressed as, for Vh # i,V2,; € z;,

F [ﬂ'f(l’ij)} Z FE [Wf(jh])] 5 (2)

for a specific x;; to be the maximizer of (1). This becomes the firm’s incentive compatibility
constraint from the viewpoints of banks in stage 1. That is, the offer that firm 7 chooses should give
the highest expected profit among all the offers of banks, that is, z;.

Depending on lending strategies, the left-hand-side (LHS) of (2) can be further specified into four
cases below.
Stage 2 Case (1): Suppose that “lend to G only” (i = 1) is the equilibrium lending strategy. Firm j
chooses the offer with a “lend to G only” lending strategy. If firm j receives a G signal, it will receive
a loan in later stage. If firm j receives a B signal, it will not receive loans in stage 4. Moreover, since
R: > R (by bank participation constraint), B firms ex post will default with zero profits in stage 5.

Hence, firm’s expected profit does not contain the part involving Pr(B). Therefore, firm expected
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profit, the LHS of condition (2), is specified as below: For Vh # i,V2,; € z;,
E [r(2:)] = Pr(G)Pr(G|G,C)(G — Rg) > E [rf(iny)] - (3)

Stage 2 Case (2): Suppose that “lend to B only” is the equilibrium lending strategy (4t = 0). By the

similar argument as above, condition (2) is specified as below: for Vh # i,VZ,; € z;,
E [r!(zy)] = Pr(G)Pr(B|G,C)(G — Rg) > E [/ (31)] - (4)

Stage 2 Case (3): Suppose that “lend to both with no cross subsidy” is the equilibrium lending
strategy (&1 € (0, 1)). By assumption, R5 > B. A bad firm ex post will default with zero profit in
stage 5. Hence, the firm expected profit does not contain the part with Pr(B). Those with bad signal

~

B, but turn out to be good G ex post, receive positive profits in stage 5. In stage 2, this probability is

Pr(B|G, C). The condition (2) is then specified as below: for VA # i, Vi, € z;,
E [n/(zi)] = Pr(G)[Pr(G|G,C)(G — Rg) + Pr(B|G,C)(G — Rg)] = E [/ (@n;)] . (5)

Stage 2 Case (4): Suppose that “lend to both with a cross subsidy” is the equilibrium lending
strategy (/1 € (0,1)). By assumption R < B, a bad firm ex post (B) with a bad signal (B) will not
default and have positive profits ex post in stage 5. However, a bad firm ex post (B) with a good
signal (G) will default because R > R. The condition (2) is then specified as below: for

Vh #i,YZy; € zj,

E [r(2y)] =Pr(G)[Pr(G|G, C)(G — Rg) + Pr(B|G,C)(G — Rp)]
+ Pr(B)[Pr(B|B,C)(B — Rp))

>E [/ ()] (6)

E Stage 1: Overall Bank’s Optimal Problem

Bank 7 offers a specific loan contract with contingencies to all firms. The loan terms include the

screening strategy (C), the lending strategy (f1), and the required loan repayments (R, Rp),
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contingent on the signals obtained in stage 3.

Bank ¢ has four possible lending strategies: a “lend to G only” strategy (j1 = 1), a “lend to B
only” strategy (i1 = 0), a “lend to both G and B with no cross subsidy” strategy (i1 € (0,1)) and a
“lend to both (¢ and B with a cross subsidy” strategy (i € (0, 1)).

Specifically, in stage 1, bank 7 designs contracts for all firms {z;}72, , by maximizing the bank i’s
expected profit, conditional on the firm’s participation constraint (PC), the firm’s incentive
compatible constraint (IC), and the bank’s participation constraint (PC) in equilibrium. Given other
banks’ strategies x_;, if bank i’s offer is not selected, F [Wb(xiﬂx_i)] = 0; otherwise, bank ¢’s offer
is selected and E [Wb(l‘ij ]x_z)] becomes a function of z;;. Here, the expectation is taken in stage 1

over the probability of the realization of other banks’ strategies, x_;.

o JZ: E [r*(xile—s)] (7
s.t.
E [nf (zi;)] >0 [Firm PC] (8)
E [nf (xi;)] > E [7/(Zy;)] , for Vj, h # i,Viy; € x; [Firm IC] 9)
zm: E [n’(zilz_)] >0 [Bank PC] (10)
=1

Note that constraint (9), the incentive compatible (IC) constraint of firms, is derived from stage 2,
that is, condition (2).

Note that firms are identical ex ante, so bank ¢ offers the same contract to all firms in stage 1. Each
firm chooses only one bank, that is, one loan contract. If more than one bank offers the same
contract, we assume that the market share of such a contract is the same among those banks offering
the same contract.

The loan market is perfectly competitive, implying that banks have zero profit and any rents go to

firms.

Lemma 1. A bank’s expected profit of each contract offer to a firm is always zero in equilibrium: for

ViajaE [ﬂ'b(xij’mf’i)} = 0.

Proof. See Appendix B. Q.E.D.
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Note that this lemma does not exclude the possibility of cross subsidy ex post by a bank between
G and B firms. This lemma is about a bank’s expected profit before even observing signals G and B.
Bank 7’s maximization problem can be simplified as below, (11) to (14). Since bank 7’s expected
profit from firm j by contract x;; is non-negative, we can focus on bank ¢’s maximization problem of
a single contract offer to firm j like (11), as if it is a representative firm. Moreover, by Lemma 1, we

can replace bank’s participation constraint (10) by bank’s zero profit constraint (14).

max E [n"(zij|v_;)] [Bank profit] (11)
s.t.

E [rf (z)] >0 [Firm PC] (12)
E [rf (z:)] > E [7(dy;)] , for Vh # i,YZy; € = [Firm IC] (13)
E [n"(zi|z_;)] =0 [Bank ZPC] (14)

Note that because banks get zero profit by Lemma 1, a firm would get positive profits and its IR
constraint (12) is not binding, under most cases.'!

For stage 1 as a whole, we have the following proposition, regarding the existence of an
equilibrium. For one of the case below, we use a bit new equilibrium concept, that is, the cheap
information equilibrium. It is similar to the cheap talk equilibrium in the sense that signal is
uninformative, but unlike the cheap talk equilibrium, signal emission is not decided strategically, but

signal extraction is. Proof is given in Appendix C.

Proposition 1. There are three types of pure strategy Nash equilibria, depending on the parameter
values: (1) the screening separating equilibrium (SS) with the screening cost C' > 0; (2) the
non-screening pooling equilibrium (NP) with the screening cost C' = 0 and banks offering the same
contract regardless of signals; (3) the non-screening, cheap-information based separating
equilibrium (NS) with the screening cost C' = 0 and banks offering different contracts contingent on

uninformative signals.

UTf a firm’s expected profit £ [ﬂ’f (:cij)] < 0, the firm will not enter the loan market in stage 1, hence, there will be no
loan contracts in the market, as described in Appendix E.
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Define 2

A=y G—R—aifln[af(l—f)(G—B)]—aLf _[fG+(1-f)B—R].

The equilibria are described as below.
Case (1): When af(1 — f)(G — B) > 1, A>0,and G — R — Jzlnfaf(1 - f)(G— B)] - 35 >0,

there is a screening separating equilibrium (SS), in which the “lend to G only” strategy is the

*

equilibrium strategy. In the equilibrium contract x7;, the equilibrium screening cost C* and the

equilibrium repayment of a G firm R, are as below

¢ = Tifof(1- (@B >0,
c* B
O o)

G 1
Ly (em:y

In stage 1, bank i uses the “lend to G only” strategy and offers the contract x7;, and bank i’s

expected profit from firm j before screening is
E ["(a};)] =Pr(G)[Pr(G|G,C*)R, + Pr(B|G,C*)B — R] — C* = 0.

In stage 2, firm j’s expected profit before screening is

E [! (z},)] = Pr(G)Pr(G|G,C*)(G—R:) = f |G—R— a—lf In[af(1 — f)(G — B)] — aif > 0.

In stage 3, bank i’s expected profit from firm j after screening is contingent on the signal of firm 7,

~

E [wb(gﬁ.)m] — Pr(G|G, C*)RY, + Pr(B|G,C*)B — R— C"/Pr(G) = 0.

2Here, we interpret A as the difference of firm’s expected profits in stage 2 under optimal contracts of a “lend to G only”
strategy and of a “lend to both” strategy.
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In stage 4, firm j’s expected profit after screening is contingent on signals,

PHG|G.C)G ~R:) =G~ R— aif mfaf(1 - f)(G - B)] — aif

E [ﬂ'f («3;) |CA§'}

0.

E [Wf («;) |B}

In stage 5, firm j’s profit after production is contingent on signals and real types,

~ R+& - B _
! (x:j‘GvG) ZG—REZG_ f olcf(G B)
(a5

In stage 5, bank i’s profit from firm j after production is contingent on signals and real types,

c* B
O BT - Sem

A 1
7 (23|G,G) = R, — R ) _R— —Ifaf(1- £)(G - B).
’ ¢ / L~ ram af?
~ * 1
™ (23|G, B :B—R—Q:B—R——ln[af(l—f)(G—B)].

f af?

Case (2): When af(1— f)(G—B)>1, A <0,and fG+ (1 — f)B > R, or when
af(l—f)(G—B)<1land fG+ (1 — f)B > R, there are non-screening equilibria, including
non-screening pooling equilibrium (NP) and non-screening cheap-information based separating
equilibrium (NS), as below."

Subcase (2.1): There is a non-screening pooling equilibrium (NP), in which the “lend to both with

no cross subsidy” strategy is the equilibrium strategy. In the equilibrium contract x7j;, C* is the

BWhen af(1 — f)(G — B) > 1, A = 0, both screening and non-screening equilibria exist. Under this case, there could
exist a mixed strategy equilibrium. Since we focus on pure strategy equilibrium, we do not go deep into this case.
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equilibrium screening cost, and R, is the equilibrium repayment of a firm, regardless of the signal.

C* =0.
R—(1-f)B

R, =R} =Rj;= 7

*

In stage 1, bank i uses the “lend to both with no cross subsidy” strategy and offers the contract x7;,

and bank i’s expected profit from firm j before getting any signals is

E [x*(z};)] =Pr(G)[Pr(G|G,C*)R}, + Pr(B|G,C*)B] + Pr(B)[Pr(G|B,C*)R;, + Pr(B|B,C")B]

—R-C"=0.
In stage 2, firm j’s expected profit before getting any signals is
E [ﬂf(:c;})} = Pr(G) [PT(G|G, C*) G - R) + Pr(§|G, C)NG-R)| =fG+(1~f)B-R.
In stage 3, bank ©’s expected profit from firm j after getting any signals is not contingent on signals,

E [wb(x;;.)\é} = Pr(G|G,C*)R: + Pr(B|G,C*)B— R~ C* = 0.

E [wb(x;;)\é} — Pr(G|B,C")R; + Pr(B|B,C")B — R~ C" = 0.

In stage 4, firm j’s expected profit after getting any signals is not contingent on signals,

E [wf(x;‘j)\é} Pr(G|G,C*) (G~ R}) = fG+(1— f)B—R.

E [ﬂf(x;;ﬂf}} Pr(G|B,C*)(G - R:) = fG+(1— f)B—R.

In stage 5, firm j’s profit after production is contingent on real types (not on signals),

R—(1-f)B
7 :

3
~
&*
Q
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I
3
~
H*
©
Q
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In stage 5, bank i’s profit from firm j after production is contingent on real types (not on signals),

7Tb<m* |B,G) :R;—R_o*:w

ij

—R>0.

i (m;|é, G)

7 <x;fj|é, B) e (@;]B,B) ~B-R<0.

Subcase (2.2): There are a set of non-screening, cheap-information based separating equilibria
(NS), in which the “lend to both with no cross subsidy” strategy is the equilibrium strategy. In the

*

equilibrium contract x7;,

C* is the equilibrium screening cost, and R}, and R’ are the equilibrium

repayments of a G firm and a B Sfirm.

c*=0.

(Re., Ry) € {RZ € [R,G],R}, € (B,G] | fRL+ (1 — )R} = w},

*

In stage 1, bank i uses the “lend to both with no cross subsidy” strategy and offers the contract 7,

and bank i’s expected profit from firm j before separating firms with cheap information is

E [7"(z};)] =Pr(G)[Pr(G|G,C*)R:, + Pr(B|G,C*)B] + Pr(B)[Pr(G|B,C*)R}, + Pr(B|B,C*)B]

—-R-C"=0.
In stage 2, firm j’s expected profit before separating firms with cheap information is
E [n!(z},)] = Pr(G) [Pr(éw, C*)(G — R;) + Pr(B|G,C*)(G—R})| = fG+(1— f)B—R.

In stage 3, bank i’s expected profit from firm j after separating firms with cheap information is

contingent on signals,

E [wb(x;;)yé} — Pr(G|G,C*)R% + Pr(B|G,C")B— R—C" = fR.+(1— f)B—R.
E [Wb(x* )|B] = Pr(G|B,C")R;, + Pr(B|B,C*")B— R — C" = R + (1 — f)B— R.

ij

In stage 4, firm j’s expected profit after separating firms with cheap information is contingent on
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signals,

E [wf(x;fjné] = Pr(G|G,C*)(G - R:) = f(G — R%)

E |/ (@;)|B] = Pr(GIB,C")(G — Ry) = f(G - R})
In stage 5, firm j’s profit after production is contingent on signals and real types,

o (251G,G) = G - Ry,
o (21B.G) = G - Ry,

!t (x;;\é, B) _— (@;B,B) ~ 0.

In stage 5, bank ©’s profit from firm j after production is contingent on signals and real types,

7 (x;;.y(;, G) R, —R—C"=R,—R

o (e4B,G) = Ry~ R~ C" = Ry — R

° <xfj|é, B) i (mfﬂB,B) =B —R.
Subcase (2.3): There are a set of non-screening, cheap-information based separating equilibria, in

which the “lend to both with a cross subsidy” strategy is the equilibrium strategy. In the equilibrium

contract x¥

i O™ is the equilibrium screening cost, and R}, and R}, are the equilibrium repayments of

a @ﬁrm and a Bﬁrm.

c*=0.

(R&: Rp) € {Rge [R,G), R, € [0, B] | fR + l}fREZ R—(lf—f)fB}_

*

In stage 1, bank i uses the “lend to both with a cross subsidy” strategy and offers the contract x7;,

and bank i’s expected profit from firm j before separating firms with cheap information is

E [r'(z})] =Pr(G) [PT(G|G, C*)R, + Pr(B|G,C*)B| + Pr(B)R; — R— C* =0,
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In stage 2, firm j’s expected profit before separating firms with cheap information is

E [x/(a7,)] =Pr(G) [Pr(@|G, C*)(G = R%) + Pr(B|G,C*)(G — RY)
+ Pr(B) [PT(B\B, C*)(B - R3)
=fIG — fRE — (1= DR+ (1= (1= F)(B - Ry)
=[G+ (1~ f)’B~ Ry~ (1- PR,

—fG+(1- f)B-R.

In stage 3, bank i’s expected profit from firm j after separating firms with cheap information is

contingent on signals,

E [wb(x;;)\é] Pr(G|G,C*)R + Pr(B|G,C*)B— R—C* = fR5+ (1— )B— R,

E [wb(x;fjné] R, —R—C*=R,—R

In stage 4, firm j’s expected profit after separating firms with cheap information is contingent on

signals,

ij

E [Wf(x* )|é} = Pr(G|G,C*)(G - R:) = f(G — R)

E [wf(x;;)yé] = Pr(G|B,C")(G - Ry) + Pr(B|B,C*) (B~ R%) = fG+ (1— f)B - R},

In stage 5, firm j’s profit after production is contingent on signals and real types,

ot (:cfﬂé,G) — G- R
o (21B.G) = G - R
ol (x;*j|é, B) = 0.

o (2,18, B) = B~ Ry,
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In stage 5, bank i’s profit from firm j after production is contingent on signals and real types,

7 (e41G,G) = Ry~ R—C" = Ry~ R,
7 (¢4]B,G) = Ry — R~ C" = Ry — R.
wb (x;;.\é, B) ~B-R

i <x§j|B,B> =R, - R.

Note that firms are indifferent between the non-screening, cheap-information based separating
equilibria (NS) and the non-screening pooling equilibrium (NP), because firms receive the same
expected profit in stage 2 in all those equilibria. Intuitively, in non-screening equilibria, the optimal
screening cost is zero, in other words, signals are randomly assigned to firms. Within the G group
and the B group, the share of GG type firms are the same, that is, f. Hence, the allocation of contract
repayment, I?» and Rz, does not matter in the equilibrium. Without loss of generality, we focus on

the NP equilibrium hereinafter when NP and NS equilibria are indifferent.

IV  SOCIAL PLANNER’S PROBLEM AND CHARACTERIZATION OF EQUILIBRIUM

First, we briefly describe the benchmark case of a social planner’s problem under perfect
information. In this case, firms’ types are public information. Social planner will lend to G-type
firms only. There are fm amount of G-type firms in the market, so fm amount of funding will fund
domestic firms. (1 — f)m amount of funding will go to foreign market with return R per unit of
funding. The national income NI = [fG + (1 — f)R]m. This is the same allocation as in the
decentralized equilibrium. Proof is simple and omitted.

Next, we consider a constrained social planner’s problem under imperfect information, as
described in the previous section. In other words, neither the social planner nor firms know firms’
types until production. The social planner needs to use screening cost C' per firm to observe the
signal of firm’s type. The social planner is benevolent, thus, has zero profit. Consider the two

lending strategies: a screening strategy and a non-screening strategy. The social planner chooses z;

for all firm: Vj € {1,2,...,m}. z; = (Pr(G|G,C;), Le ;. L ;) € [f,1) x {0,1} x {0,1}. Because
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there is no externalities, it is natural to have the following proposition.

Proposition 2. Both the screening and the non-screening Nash equilibria achieve the constrained

social optima.

Proof. See Appendix D. Q.E.D.

National income (NI) consists of the income of banks, firms, and depositors. Gross domestic
product (GDP) consists of the output of firms. Recall that we assume there are n banks and m firms,
and there are total m units of funding in the market, which are owned by depositors/investors.
Investors can save money in banks, or invest abroad with a fixed return R. Banks absorb the savings
and lend to firms or invest abroad with a fixed return 2. As shown already, in any equilibrium, the
depositor’s or investor’s return of a unit funding is R. The expected NI and GDP in “SS” and “NP”

equilibria are expressed as below.!*

E(GDPss) = |£G - & = Lin(af(L= (G - )| m (s)
B(Nlss) = |G~ &+ (1= R = Linlaf(1 = )G~ B)|m (16)
B(GDPyp) =[G +(1 = f)Blm ()
B(NIxp) = [fG +(1 - /)Blm 18)

In Appendix E, we show how the equilibrium changes for different values of five parameters: f,
R, B, G, or «, ceteris paribus. They are shown in detail. Moreover, we also show in Appendix E
how GDP and NI change in five parameters: «, f, R, GG, or B, ceteris paribus. Below is the
summary of findings.

A non-screening equilibrium is selected (i) when the efficiency of screening is low (the screening
technology is under-developed); (i1) when the average project quality is high; (iii) when the
international interest rate is low; (iv) when good firm’s output is high; or (v) when bad firm’s output
is high (e.g., the cost of default is low, or the recovery upon default is high).

Moreover, we calculate the national income (NI) and the gross domestic output (GDP) under

different parameterizations. In the screening equilibrium, the national income is larger, (i) when the

14The expected NI and GDP in “NS” equilibrium are same as “NP” equilibrium, thus, omitted.
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efficiency of screening increases, (ii) when the average project quality increases, (iii) when the
international interest rate increases, (iv) when good firm’s output increases, or (v) when bad firm’s
output increases. In the non-screening equilibrium, the national income is larger, under mostly same
conditions. However, the efficiency of screening and the international interest rate do not affect the
national income in the non-screening equilibrium because there is no screening and no divergent to
foreign investment exist in the non-screening equilibrium.

We discuss two aspects of policy implications. First, the development of bank screening
technology will improve the social welfare. The improvement of screening technology reduces
screening cost, motivates banks to use screening, and improves social welfare (See Appendix E).
Second, the government subsidies lower banks’ screening incentive and cause welfare loss as in the

section below.

V PoOLICY IMPLICATIONS

In this section, we discuss three policies. The first policy is credit easing, which means that the
central bank lowers the funding cost of banks if banks lend domestically. The second policy is a
business subsidy, which means that the government gives away a fixed amount of money to firms.
The third policy is a public loan guarantee, which means that the government covers the loss of

banks if banks’ loans to firms are defaulted.

A Credit Easing

Credit easing was adopted by some central banks, such as the Bank of Japan since 2009 and the
Bank of England since 2016."5 The central bank offers banks a lower funding cost than the
international interest rate R, if banks lend to domestic borrowers. Let 7 denote as the level of the
subsidy and let R denote as domestic interest rate. Bank’s zero profit condition means arbitrage free
with international interest rate, that is, R = (1 — 7)R. Thus, the banks’ funding cost is (1 — 7) R per

unit of loan, and the central bank provides a subsidy of 7 R per unit of loan. The cost of credit easing

SFor Japan, the Comprehensive Monetary Easing (CME) was introduced in late 2009, in which the Bank of Japan
expanded its policy toolkit to include outright purchases of corporate bonds and commercial papers. See Fasano-Filho,
Wang and Berkmen (2012). For UK, the Corporate Bond Purchase Scheme (CBPS) conducted by the Bank of England
was introduced in 2016. See D’ Amico and Kaminska (2019).
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is financed by the lump sum tax (inflation tax) on consumers. With the introduction of credit easing
policy, we have the following proposition, regarding the existence of an equilibrium. Proof is given

in Appendix F.

Proposition 3. Under the credit easing policy, there exist pure strategy Nash Equilibria, which are
the screening separating equilibrium (SS) and the non-screening pooling equilibrium (NP),
depending on the parameter values.'®
Define
1 1
A,=f|G—(1-7)R— a—fln[af(l - f)(G—-B)| - a_f —-[fG+(1—-f)B—(1-7)R].
The equilibria are described as below.

(i) When af (1 — f)(G—B) > 1, A, >0,and G— (1 —7)R— aifln[af(l —fNG=DB)] -2 >0,

1
af
there is a screening separating equilibrium (SS), in which the “lend to G only” strategy is the

equilibrium strategy. Following, C? is the equilibrium screening cost, and RZT is the equilibrium

repayment of a G Sfirm.

C; = ~infof(1 - /)(G - B).

c* B
(1—7)R+7—m
! .

RZ'T = . 1

af(G-B)
(ii) When af (1 — f)(G — B) > 1, A, < 0,7 and fG+ (1 — f)B > (1 — 7)R, or when
af(l1—f)(G—B)<land fG+ (1 — f)B > (1 — 7)R, there is a non-screening pooling
equilibrium (NP), in which the “lend to both with no cross subsidy” strategy is is the equilibrium

strategy."® Following, C* is the equilibrium screening cost, and Ry is the equilibrium repayment of

16 Additionally, there exists a non-screening, cheap-information based separating equilibrium (NS), indifferent from
non-screening pooling equilibrium (NP), in terms of firm’s and bank’s expected profits. Here, the discussion of NS
equilibrium is omitted.

When af(1 — f)(G — B) > 1, A, = 0, both screening and non-screening equilibria exist. Under this case, there could
exist a mixed strategy equilibrium. Since we focus on pure strategy equilibrium, we do not go deep into this case.

8Here, we skip the discussion of the non-screening, cheap-information based separating equilibria, in which everyone is
indifferent to the non-screening pooling equilibrium, following the same logic as in the baseline.
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a firm, regardless of the signal.

Cr = 0.
(1-7)R-(1-f)B
; .

*
R =

We omit the full description of firm’s and bank’s expected profits but compare firm’s expected
profit in stage 2 in the credit easing case to the baseline (as in Proposition 1).

In the screening separating equilibrium, the equilibrium screening cost is the same as the baseline.
G firm’s required repayment is smaller than the baseline, but firm’s expected profit in stage 2,

denoted as [ﬂg ST(IZ‘)} , is bigger than the baseline by f7R.

af(1— /)G —B)] - —

B [xlo @) = 1 [G— (1—r)R- of

1
—1
af "
In the non-screening pooling equilibrium, firm’s required repayment is smaller than the baseline,

but firm’s expected profit in stage 2, denoted as [7@’:{ PT(xjj)} , 1s bigger than the baseline by 7 R.
E |[elip, (53] = fG+ (1= B = (1= 7R,

Next, we calculate the NI and the GDP of the screening equilibrium and the non-screening
equilibrium, as below. In the screening equilibrium, NI becomes lower than the baseline level, while
GDP remains the same as the baseline level. In the non-screening equilibrium, NI and GDP remain

the same as the baseline levels.

B(Nlss)) = |G = 2+ (1= HL-n)R = in(af(1- NG -B)|m )
B(GDPss)) = |16 -~ & = Lintaf1 = (G - B)| m 20)
E(NIyp,) = [fG+ (1 — f)Blm Q1)

E(GDPypr) = [fG+ (1 - f)B]m (22)
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Let us look at the effects of changes in 1. Credit easing affects the switching thresholds of
equilibria. Let R* denote the interest rate that satisfies A, (R’) = 0 under credit easing. Compared
to the baseline, (1 — 7)R: = R*. In addition, let Rggs, denote the interest rate that satisfies
E [WéST(RSST)} =0, thatis, (1 — 7)Rss, = Rgss. Also let Ry p, denote the interest rate that
satisfies F/ [W{;PT(RNPT)] =0, thatis, (1 — 7)Rypr = Ryp-

In Figure 2a, the upper row shows the case that screening equilibrium exists with R € (B, G) in
the baseline (see Appendix Figure 10, panel (a)). The lower row shows the case that VR € (B, G),
screening equilibrium does not exist in the baseline (see Appendix Figure 10, panel (c)). For
columns, we discuss two examples of parameter settings. The left panels (a) and (c) show the case
that 7 is small enough that satisfies Rgg, < G or Ryp, < G, while the right panels (b) and (d) show
the case that 7 is big enough that satisfies Rgs, > G or Ryp, > G.» Figure 2b shows the case of

GDP instead of NI.

9Here, we omit the case Rf < G < Rgsr,in which VR € [B, RX], there is a non-screening equilibrium while
VR € (RX, G, there is a screening equilibrium. The key message is the same as the two examples in Figure 2a.
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Figure 2a: Changes in NI under credit easing
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Figure 2b: Changes in GDP under credit easing

The shaded areas are the changes of NI and GDP. With credit easing, NI decreases in screening

equilibrium and remains the same in non-screening equilibrium, while GDP remains the same for

both screening and non-screening equilibria. However, all thresholds move rightward. With such a

change, as seen from the figures, NI decreases for some values of R, while GDP increases for some

values of R.

Intuitively, credit easing encourages banks to offer excess loans and allocate excess fund to the

domestic market rather than investing abroad. Hence, firms are more likely to get funds, but together

with a lower funding cost, and some of them are nonviable firms under the international interest rate.

As a result, the average asset quality deteriorates and NI decreases compared to the baseline.

However, given that more firms get loans to produce, GDP increases under some parameter values
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compared to the baseline. Still, NI, not GDP, captures social welfare, which are shown to decline

with credit easing, compared to the screening equilibrium under the baseline.

B Business Subsidy

During the COVID-19 pandemic, many countries introduced subsidies to business, especially
SMEs, (e.g., Blanchard, Philippon, Pisani-Ferry et al. (2020) for Europe and the US case and Hoshi
et al. (2022) for Japan’s case). We model this policy as government subsidy S to all firms. The
subsidy can be considered as a temporary increase of firm’s output from G and B to (G + S) and
(B + S). For the sake of simplicity, we assume that the size of the increase is exogenous.?’ With the
introduction of this business subsidy policy, we have the following proposition, regarding the

existence of an equilibrium. Proof is given in Appendix G.

Proposition 4. With business subsidy, there are two types of pure strategy Nash Equilibria, the
screening separating equilibrium (SS) and the non-screening pooling equilibrium (NP), depending

on the parameter values.”' Let us define

A= G+S—R—a—lfln[am—f)(c;—B)]—a—lf _[fG+(1— f)B+S—R)

The equilibria are described as below.
(i) When af(1 — f)(G —B) > 1, A, > 0,and G+ S — R — Jzlnfaf(1 - f)(G — B)] — ;5 >0,
there exists a screening separating equilibrium, in which the “lend to G only” strategy is the

equilibrium strategy. Following, C is the equilibrium screening cost, and RZ*S is the equilibrium

20There is another type of subsidy that the government subsidizes a part of required repayment, that is ¢Rs, 9Rp. Such
subsidy can be considered as a temporary increase of firm’s output from G and B to G’ + ¢R» and B + ¢ R . The
calculation of equilibrium is a bit complicated in this case.

2IThere also exists a non-screening, cheap-information based separating equilibrium (NS), indifferent from
non-screening pooling equilibrium (NP), in terms of firm’s and bank’s expected profits under the same parameter values.
Here, the discussion of NS equilibrium is omitted.
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repayment of a G Sfirm.

C: = ~Inlaf(1 - )G - B)]

c* __ B4S
R R+ % — 35e—p)
Gs :
1

_ 1
af(G—-B)

(ii) When aof (1 — f)(G—B) > 1, A; <0,and fG+ (1 — f)B+ S — R >0, or when
af(l1—f)(G—-B)<land fG+ (1 — f)B+ S — R > 0, there exists a non-screening pooling
equilibrium (NP), in which the “lend to both with no cross subsidy” strategy is the equilibrium
strategy. Following, C7 is the equilibrium screening cost, and R, is the equilibrium repayment of a

firm, regardless of the signal.

We omit the full description of firm’s and bank’s expected profits but compare firm’s expected
profit in stage 2 in the business subsidy case to the baseline (as in Proposition 1).

In the screening equilibrium, the equilibrium screening cost is the same as the baseline. G firm’s
required repayment is smaller than the baseline, but firm’s expected profit in stage 2, denoted as

E [wg Ss(x;*j)] , is bigger than the baseline, due to the subsidy.

E [Wé:ss(l’i})] =f [G—i-S—R— aifln[af(l — (G - B)] - oz_lf

In the non-screening equilibrium, firm’s required repayment is smaller than the baseline, but firm’s

expected profit in stage 2, denoted as £ [wjfv Ps(a:;kj)} , 1s bigger than the baseline, due to the subsidy.

E [w{vps(ﬁ.)} —fG+(1—f)B+5S—R.

v

We can calculate the NI and the GDP of the screening equilibrium and the non-screening

equilibrium as below. In both screening and non-screening equilibria, both NI and GDP are the same
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as in the baseline.

B(NTss,) — {f@ (- PR in(af(1- (G- B>>} m 3
E(GDPss,) = [fG —— naf(1 - £)(G - B))} m 24)
E(NIxp) = [fG + (1 - f)Bm 25)
E(GDPyp.) = [fG + (1— f)BJm 26)

27)

Let us look at the effects of changes in 2. Business subsidies affect the switching thresholds of
screening and non-screening equilibria. Let R? define as A (R?) = 0. Compared to the baseline,
Ag > A, RX > R*. Let Rggs define as £/ [wgss(Rgss)] = 0. We can show that Rgq, > Rgg. Let
Ryps define as [W]{[PS(RNPS)} = 0. We can show that Rxps > Rnp.

In figure 3a, the upper row shows the case that the screening equilibrium exists with R € (B, G)
in the baseline. The lower row shows the case that screening equilibrium does not exist for any
R € (B, @) in the baseline. The left column panels (a) and (c) show the case that the subsidy S is
small enough that satisfies Rgss < G or Ryps < G, while the right column panels (b) and (d) show
the case that the subsidy S is big enough that satisfies Rggs > G or Ryps > G.2* Figure 3b shows

the case of GDP instead of NI.

22Here, we omit the case R < G < Rgsgs, in which VR € [B, R?], there is a non-screening equilibrium; VR € (R}, G],
there is a screening equilibrium. The key outcomes are the same as the two examples in Figure 3a.
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Figure 3b: Changes in GDP under business subsidy

The shaded areas show the changes in expected NI and expected GDP. With direct business

subsidy, NI and GDP keep the same levels in screening and non-screening equilibria as in the

baseline. However, all thresholds move rightward. As shown in Figure 4, NI decreases for some

values of 2, while GDP increases for some values of R.

Intuitively, the business subsidy increases firm’s output temporarily, which encourages banks to

offer excess loans and allocate excess fund to the domestic market. Direct business subsidy

reallocates resources between depositors and firms with distortion, and income loss (NI) occurs as

banks allocate capital excessively in the domestic market,which includes an increase in overall

output (GDP) but reduce overall welfare.
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C Public Loan Guarantees

Public loan guarantees have been used by some countries. In particular, those used in Japan are
quite generous, often 100 percent in the past decade or so, and strengthened during the COVID-19
pandemic (Hoshi et al., 2022). We model a simple version of public loan guarantees, as follows. The
government provides a complete loan guarantee plan ex ante with the required loan rate contingent
on the signal, R~ or . The government expenditure on loan guarantees comes from the lump sum
tax, paid by consumers. For a given loan contract, if a borrower repays, the borrower will pay the
required loan rate in the contract; if a borrower defaults, the lender will acquire the borrower’s
output, and the government will pay the rest of the repayment to achieve the full repayment at 12~ or
Ry.

Because of the competitive banking industry, banks’ zero-profit constraint is still binding. With
the introduction of public loan guarantees, we have the following proposition regarding the existence

of an equilibrium. Proof is given in Appendix H.

Proposition 5. Under public loan guarantees, there always exists a non-screening,
cheap-information based separating Nash equilibrium (NS), in which the “lend to both with a cross
subsidy” strategy is is the equilibrium strategy.”> Following, C* is the equilibrium screening cost,

and R}, and R, are the equilibrium repayments of a G firm and a B firm.

C*=0.
R: =0,
. R

We omit the full description of firm’s and bank’s expected profits but show firm’s expected profit

in stage 2, £ [77]{,5(1*;*]-)} as below.

f(G=R)+(1-f)B, if fG>R,
B |rls(a)| = (28)
(1-HfG+1-f)B], if fG<R.

23Under public loan guarantees, non-screening pooling strategy is dominated by non-screening, cheap-information based
separating strategy. Also, screening separating equilibrium vanishes.
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Note that if RZ, < G, thatis, fG > R, the defaulted firms are B firms with G signals. If fG < R,
the defaulted firms are all G and B firms with G signals. In addition, a depositor’s expected return
are denoted as F (%), as below.

fR+f(1—=f)B, if fG=R,

E (mivs) = (29)
flfG+(1—-f)B], if fG<R.

NI and the GDP are expressed as below,

E(Nlys) = [fG+ (1= f)Blm (30)

E(GDPys) = [fG + (1 - f)Blm 31

Let us look at the effects of changes in R. In Figure 4a, the left panel implies the case that
screening equilibrium exists with some R € (B, () in the baseline and the right panel shows the
case that screening equilibrium does not exist for any R € (B, G) in the baseline. On the other hand,
with public loan guarantees, there always exists non-screening, cheap-information based separating
equilibrium, for VR € (B, G). Figure 4b shows the case of GDP instead of NI for the same setup of

parameter values as in Figure 4a.

NI NI
NS ... Publicloan NS ... Publicloan
g guarantee i guarantee
NP No ! — : No : - .
$s contract; Basellne NP contract Baseline
mG mG 1
mifG+(1-fB] i mIfG+(1-f)B]
- : R R
B R Ry, G B Ryp G

Figure 4a: Changes in NI under public loan guarantees
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Figure 4b: Changes in GDP under public loan guarantees

The shaded areas show the changes in expected NI and expected GDP. Under public loan
guarantees, there always exists non-screening, cheap-information based separating equilibrium (NS).
The levels of expected NI and GDP in the NS equilibrium in the public loan guarantee case are the
same as in the NP equilibrium in the baseline. The expected NI in NS equilibrium is lower than in
the SS equilibrium, while the expected GDP in NS equilibrium is higher than in the SS equilibrium.
This is because in the SS equilibrium, banks invest f portion of capital in the domestic market and
the rest in the foreign market with return R, while in the NS equilibrium, banks lose the incentive of
investing abroad, and invest all capital to domestic borrowers.

When public loan guarantees are provided, banks have no loss when lending to bad firms, so
banks have no incentive to screen firms nor invest abroad. Here, non-screening strategy is optimal
for banks, thus, more bad firms are financed in the market. Since banks facilitate as many firms as
possible to produce, GDP increases under some values of R, for which the screening equilibrium and
no contract cases emerge in the baseline.

In addition, under public loan guarantees and non-screening strategy, banks can choose 12, and
R, freely, as long as they satisfy f R; + (1—f )R*B = R, irrelevant to firms’ default rate.>* Banks
then choose them to maximize firm’s expected profits in the competitive loan market. Here, firms
prefer the “lend to both with a cross subsidy” strategy to the “lend to both without cross subsidy”

strategy, because the former strategy has a lower default rate and provides firms with a higher

24This is derived from bank’s zero profit constraint, because the government will guarantee that banks will receive the
contract repayments.
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expected profit.?> This brings a non-screening, cheap-information based separating Nash equilibrium
under public loan guarantees. Note that this optimal loan contract offers a bad firm (with B signals)
a lower loan rate.

Here, banks do not make efforts to screen firms but provide loans with low rate to firms with bad
signals so that those firms survive perfectly. This mechanism seems to explain the emergence of
zombie firms under public loan guarantees. Intuitively, public loan guarantees generate a moral
hazard problem in the sense that, for a sizable range of parameter values, banks might prefer
screening ex ante in the baseline but stop screening completely after introducing public loan
guarantees. Interestingly, 100 percent public loan guarantees generate a bigger welfare loss than the
credit easing in our model. Recall that the credit easing does not eliminate screening equilibrium
when the subsidy level 7 is small. However, when 7 is big, the credit easing is as bad as public loan

guarantees, in terms of welfare loss.

VI CONCLUSION

We studied banks’ optimal screening effort of loan contracts under symmetrically imperfect
information. Unlike the usual setting of adverse selection with asymmetric information, we describe
a case that neither firms nor banks are aware of firms’ types ex ante. We think that this setup is
realistic: Many small- and medium-sized entrepreneurs are uncertain whether they will default when
borrowing loans from banks. We then allow banks to choose their screening efforts, which is
represented by a costly and imperfect signal extraction technology. The more a bank spends in the
screening process, the more accurate a signal of the firm’s type a bank can obtain.

For the sake of simplicity, we adopt three assumptions: First, every loan contract has a fixed size
of one.?® Second, banks commit to the loan contract and each firm can only choose one bank to

apply. Third, we only consider pure strategy Nash equilibrium.?’

2By definition, under the “lend to both without cross subsidy” strategy, B type firms default with 100 percent, while
under the “lend to both with a cross subsidy” strategy, B type firms with B signals do not default. For detailed
calculations, please refer to Appendix H.

26We obtain similar results with endogenous loan size in Appendix I and obtain similar results, where we allow more
productive firms to receive more funding under the screening euqilibrium.

YT There is a possibility of a mixed equilibrium when screening equilibrium and non-screening equilibrium are indifferent,
but the mixed equilibrium should not make much difference to the conclusion.
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In the baseline model, we have found three types of pure strategy Nash equilibria: the screening
separating equilibrium (SS), the non-screening pooling equilibrium (NP), and the non-screening
cheap-information based separating equilibrium (NS). However, the outcomes of the latter two are
the same in terms of the ex-ante expected profits for banks and firms, thus, we focus only on the first
two equilibria, SS and NP.

We prove that the three equilibria emerge depending on the parameter values and they are all
socially optimal. Obviously, any policy interventions are detrimental to the economy. We then
analyze the effects of the three polices: credit easing, business subsidies, and public loan guarantees.
Under all three policies, banks reduce screening efforts, or even stop them, and, thereby, extend
loans to unviable firms. This also means that banks allocate excess capital to the domestic market.
This, in turn, increases GDP, but reduces national income (NI), thus, generates welfare loss. In
Appendix, we show this declines of NI and welfare loss appears together with the declines of GDP, if
we assume investment size can be flexible (instead of fixed at one as in the baseline). This is because
less productive firms receive more funding than the case without these policies under the screening

equilibrium.
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Appendices

A HYPOTHETICAL PERFECT INFORMATION CASE

Here, let us assume a hypothetical case where there is no information friction, that is, firms’ types
are always public information. There are no stages 3 and 4, which deal with signals. The sequence of
events is as follows: First, a bank provides a menu of available loan contracts contingent on a firm’s
real type. A contract includes the lending strategy and the required repayment conditional on firm’s
type {G, B}. Second, a firm chooses a loan contract from the menu. Third (i.e., stage 5, without
stage 3 and 4), a firm produces and repays.

In the last stage, if a firm can repay the loan contract, it will repay. Otherwise, the firm has to
declare bankruptcy and it will get zero return. Formally, we can state the firms’ maximization
problems as below. R is the repayment of a G-type firm specified by the bank, Rz of a B-type
firm. Wé is the return of a G-type firm, 7r]f3 of a B-type firm. By limited liability, firms’ profits are
non-negative. G-type firm’s decision is to pay in full (dg = 1), or not (dg = 0). When dg = 0, banks
will take over the business and a G-type firm has zero profit.

For a G-type firm, given R,
max rl = da(G = Rg) + (1 — dg)0 = dg(G — Rg) (32)
G

The optimal decision is dg = 1 if Rg < G, dg = 0if Rg > G.

Similarly, for a B-type firm, given Rp,
n}lam;_; = dp(B — Rp) + (1 —dp)0 = dg(B — Rp) (33)
B

In stage 2, firms choose the best loan rates for them, given their types. This just creates zero profit
condition for banks. The optimal decisionis dg = 1if Ry < B,dg =0if Rg > B.

In stage 1, bank’s maximization problem is to choose loan rate R for G-type firms, Ry for
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B-type firms, and p the allocation ratio of funds to G-type firms.

max 70 = purh + (1 — p)mh

wRa,Rp

s.t. 72 = min{R¢, G} — D
7% = min{Rp, B} — D (34)
=0
D>R

Here, 70 is a bank’s profit from a general loan contract. 7% is a bank’s profit from a loan contract
with a G-type firm, 7% with a B-type firm. D is the repayment to a depositor. There are three
constraints: the firm’s limited liability constraint, the bank’s zero profit constraint, and the
depositor’s participation constraint.

Given a firm’s optimal decision under the limited liability, bank’s profit becomes
7t = min{Rg, G} — D, 7% = min{Rp, B} — D. In addition, the banking sector has perfect
competition, which means that banks have zero profit and offer 1 as interest payment per unit of
deposits, thatis, D = R and 7w =0.

An equilibrium consists of the bank loan allocation p, the loan contract (R, Rg), and the firms’
repayment strategy (dq, d), with which each agent behaves optimally, and both deposit market and

credit market clear.?®

Proposition 6. Under perfect information, there is a unique screening separating equilibrium. In the
equilibrium, the bank lending strategy is 1 = 1, that is, “lend to G only,” the G-type firms’
repayment Re = R, and the B-type firms’ strategy is indeterminant, i.e., Rg can be random values.
G-type firms have dg = 1, which means that G-type firms enter the market, apply for loans and
produce. B-type firms are indifferent between dp = 0 and 1, because banks will not offer loan

contracts to B-type firms.
Proof is omitted. Intuitively speaking, if a bank lends to all firms, B-type firms only repay up to
B, then the bank needs to acquire a repayment higher than R from G-type firms (cross

subsidization). On the other hand, if a bank lends to G-type firms only, the bank charges G-type

firms R as loan repayment. Then, when firms choose the loan contracts, G-type firms prefer banks

28 oan allocation f is the aggregate of pure strategy loan allocation to each firm. It could be viewed as mixed strategy,
but we do not allow mixed strategy for each bank-firm pair.
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that only lend to G-type firms at R. Note that the remaining funds from depositors, which amounts

to (1 — f)m, are invested abroad and receive return R per unit of fund.
B PROOF OF LEMMA 1

First, we prove a bank’s expected profit from a firm cannot be positive in equilibrium by
contradiction. Suppose firm j chooses bank ¢, bank ¢ obtains a positive profit from firm j in
equilibrium, denoted as E [7°(z;]x_;)] = 2¢ > 0, and firm j’s expected profit as E [7/ (z;;)].
Then, there exists a profitable deviation by another bank / which offers almost the same contract as
bank j, but gives € to firm j. Then, bank h’s profit becomes E[r’(x;|x_;)] = € and firm j’s profit
becomes E[r/(x),;)] = E [7f (2;7)] + € by choosing bank h. Then, bank i loses the client firm j,
and E [7°(z;;|z_;)] = 0. This contradicts the assumption.

Second, we prove a bank’s expected profit from a firm cannot be negative in equilibrium by
contradiction. Suppose bank ¢ obtains a negative profit from firm j in equilibrium,

E [Wb(l‘ij ]x_z)] < 0. By bank participation constraint (10), there must be some firm k& which gives
positive profit to bank i, E [r®(z;,|x_;)] > 0. However, bank profit cannot be positive from firm % as

shown above, which is a contradiction. Hence, it must be the case that E [r®(z,|z_;)] = 0.
C CALCULATION OF BANK’S OPTIMAL PROBLEM IN STAGE 1

Depending on lending strategies, a bank’s expected profit £ [ﬂ'b(IZ’j |x,z)} and a firm’s expected
profit £/ [7rf (.CL'U)] can be simplified differently. Specific expressions of the constrained profit
maximization problem for bank ¢, (11) - (14), can be described in four cases, as below, similar to

stage 2.

1 Stage 1 Case (1)

Suppose the “lend to G only” ({1 = 1) is the equilibrium lending strategy in stage 1, before
observing signals. Bank 7 offers the “lend to G only” strategy, then receives loan applicants, and
screens the applicant firms. If bank ¢ obtains G signal for applicant firm j, then bank ¢ would provide

the loan to firm j. With B signal, bank ¢ would not provide the loan to firm j. The bank’s optimal
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problem, with respect to a firm in stage 1, is as below.

max B [r(zyle-)] = Pr(G) |Pr(G|G, C)R,, + Pr(B|G,C)B — R — % [Bank profit]
(35)

s.t.

E [7! (z:;)] = Pr(G)Pr(G|G,C)(G — Rg) > 0 [Firm PC]
(36)

E [r! (z:;)] = Pr(G)Pr(G|G,C)(G — Rg) > E [/ (31;)] , forVh # i,Viy,; € z; [Firm IC]

(37)
E [r(zy|z_)] = Pr(G) | Pr(G|G,C)Rg + Pr(B|G,C)B — R — % =0 [Bank ZPC]
(38)

Here, the probability of getting signal G, Pr(é) is entered in equation (35) and (38) with signal
accuracy Pr(G ]G , ('), because the bank’s expected profit maximizing problem is formulated in
stage 1, before observing any signals. On the other hand, for firm’s expected profit in (36) and (37),
the probability of true type Pr(() enters with signal correctness Pr(G|G, C).

Regarding the screening cost, we assume in case (1) the overall screening cost mC' is evenly
charged to all G firms. All applicant firms are screened, and assigned signals G and B, where the
ratios of G and B firms in the market Pr(G) = f and Pr(B) = 1 — f, which are consistent with the
distribution of the true types. Only G firms are offered with contracts, and charged with the

screening cost. So, in each contract to a G firm, screening cost C'/ Pr(G) = C/f is subtracted.

1.1 Subcases of Case (1) IC constraint

We further simplify the firm’s incentive compatible (IC) constraint (37). The right-hand-side (RHS)
represents any possible deviations that firm j takes an offer from bank / other than bank i. Instead of
solving the RHS part, that is, £/ [ﬂ'f (fhj)} , we use an equivalent condition that describes the highest
possible expected profit of firms by taking bank h’s offer, as (39) below. Obviously bank £ is
deviating from the equilibrium strategy to lure firm j. Deviant bank h’s offer can be chosen from the

strategy set S but it should deliver strictly positive profits for individually rational bank /. We define
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such a restricted strategy set for deviant bank h as X; = {&; € S|E [7%(Zyj|z_s)] > 0}.
Conditional on the lending strategies of deviant bank 5, the sufficient condition for firm’s IC

constraint can be divided into four maximization problems. Here, the restricted strategy set for bank

h # i, X, is divided into X, Xo;, X3;, and Xy;, defined as

Xy; = {&n; € S1|E [7*(Zns|z_1)] > 0}, Xoj = {@n; € SalE [7%(Zns]z_1)] > 0},

Xs; = {@n; € S3|E [7%(@nj|z_s)] > 0}, and Xy; = {Z1; € Sa|E [r°(Zp;|z_1)] > 0}. Recall that

S1,S2, S3, and S,4 represent the set of bank’s loan contract offers under lending strategies “lend to G

only,” “lend to B only,” “lend to both G and B with no cross subsidy,” and “lend to both G and B

with a cross subsidy.” Using these, the right hand side of the IC constraint (37) can be expressed as

below.

max{ max PT(G)PT(G'|G, é’)(G — R@),

ZTh;€X1j
_max Pr(G)Pr(B|G,C)(G — Rp), (39)
Thj€R2j
_max Pr(G)[Pr(G|G,C)(G = Rg) + Pr(B|G,C)(G - Ry)],
Thj€X3j

max Pr(G)[Pr(G|G,C)(G — Rg) + Pr(B|G,C)(G — Rp)] + Pr(B)[Pr(B|B,C)(B — RB)].}

ES oF
To further simplify (39), we calculate the four maximization problems of deviant bank A under the

restricted strategy sets X, Xa;, X3;, and X4;, and denote as RHS-X1, RHS-X2, RHS-X3, and

RHS-X4.

RHS-X1: If deviant bank 4 chooses the “lend to & only” strategy, firm j’s highest possible expected

profit by choosing deviant bank A’s offer can be assessed as (40) below.

max F [7/(z4;)] = Pr(G)Pr(G|G,C)(G — Rg) (40)

Tpj€X1j

Because 75,; € X, the loan contract of deviant bank & should give deviant bank 7 a strictly positive

expected profit.

E [r*(@njlz-s)] = Pr(G) | Pr(G|G,C)Re + Pr(B|G,C)B — R — % —e>0. (41
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Here, using Pr(G|G,C) =1 — (1 — f)e=°C, and Pr(G) = Pr(G) = f, (40) and (41) become

E[r! (3))] = f [1 (1- f)e’o‘é] (G — Ry). 42)
E [wb(ihﬂx,h)] =f [[1 —(1- f)e’aé} R@ + (1 - f)e*“éB — R — % = €. (43)

By substituting (43) to (42) to eliminate IEZG, we obtain
Eh%mﬂ:fk%wbﬁ%”WG—&—R—%—i (44)

Here, firm j’s expected profit becomes a function of bank’s screening cost C'. Then, we can find the
loan contract, specifically C, by deviant bank A that offers firm j the highest expected profit. To see

it, we take the first derivative of the firm’s profit (44) with respect to C,

OB I @) _ ¢ [t~ 1y — Byeoc _ L
Yy = fla(l - f)(G— B)e 7l (45)

It is easy to calculate that the second order condition is always negative. Because e‘o‘é|C:0 = land

decreases with C, there are two cases regarding the firms’ profit.
OE[nf (@n;)]
ac

[« (@)

First, when a.f (1 — f)(G — B) > 1, we have l6—o > 0 and ad oo lEsee <0, thatis,

E [7f(Zp;)] is an inverted-U shape function of C, hitting zero at some point. In this case, there is an

~ (% s
internal solution C* > 0, at which W = 0, that is,
Sk 1
e = (46)

af(l—f)(G - B)

i (zh
Second, when aof (1 — f)(G — B) < 1, it is always the case that W

l6—o < 0. In this case,
E [7Tf (ihj)] is a monotonically decreasing function of C, so a corner solution C* = 0 should be
chosen, given the screening cost is non-negative.

The optimal screening cost is, thus, characterized as below.
1
. —In[af(1-f)(G-B), if af(l-/f)(G-B)>1,
CT = « 47)
0, otherwise.

Zero screening cost implies that the bank makes no screening efforts. Let :i,llj € Xy, denote the
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bank h’s loan contract that uses screening cost C’f By substituting (46) and (47) into (44), firm j’s

highest expected profit from deviant bank h’s offer is as below.

1 1 €
/ [G—R— Lolnfaf(1 - NG -B) - — - 5|, it af1-pHG-B) =1,
B [Wf@}l;)] _ af ) af f
f {fG+(1—f)B—R— 7| otherwise.

Since F [ﬂ'f (i};)} is a decreasing function of ¢ in either case, firm j’s expected profit will be
higher if deviant bank h’s expected profit € is smaller. So, the highest expected profit for firm j

would be realized if deviant bank h takes ¢ to the limit of zero.

sup F [7Tf<j}5)] =

1 1
iy [¢/(#})] =/ |6~ R— 2 lnlaf(1= )G = B~ |, if af(1=H(G-B)>1
ligréE [ﬂ'f(:f]lzj)] = flfG+ (1 - f)B - R], otherwise.

(48)
RHS-X2: If deviant bank 4 chooses the “lend to B only” strategy, firm j’s highest possible expected

profit by choosing deviant bank /’s offer can be assessed as (49) below.

max F [7/(z4;)] = Pr(G)Pr(B|G,C)(G - Rp) (49)

TpjEXo;

Because 7,; € X;, the loan contract of deviant bank / should give deviant bank % a strictly positive

expected profit.
E [7"(&n;]x_4)] = Pr(B) | Pr(G|B,C)Rz + Pr(B|B,C)B — R — % —e>0. (50
Here, using Pr(B|G,C) = (1 — f)e™C , (49) becomes
E [7/(@n)] = f(1 = [)eC(G - Ry). 1)

Using Pr(G|B,C) = fe=C, (50) becomes

E [ (@le0)] = (1- f) [fe‘“éﬁfg t (1) B

=7 = €. (52)
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By substituting (52) to (51) to eliminate R 5> We obtain

C €
1—-f 1-f

E[rf(2h;)] = FA— e G+ (1 - ) [<1<—.fe“é) B-R- (53)

Then, we can find the loan contract, the screening cost C , by deviant bank A that offers firm j the
highest expected profit. The first derivative is calculated as in (54), which is always negative. Hence,

E [7f(Zy;)] is a decreasing function of C, so the corner solution Cj = 0 should be chosen.

f ~ . ~
?EQ&?@E:,ﬂju_fxa_gpﬂc_1<o (54)

C; =0. (55)

Let 97;,2; € Xy; denote the bank /’s loan contract which uses screening cost CN’Q‘ = 0. By

substituting (55) into (53), firm j’s highest expected profit from deviant bank A’s offer is as below.

1—f]

Since [ﬂ'f (:i’,%’]‘)] is a decreasing function of ¢, firm j’s expected profit will be higher if deviant

Elr (#)]=0-f|fG+(1-f)B-R—

bank h’s expected profit € is smaller. So, the highest expected profit for firm j would be realized if

deviant bank h takes ¢ to the limit of zero.
sup E [r/ (#775)] = lim 7 [7/(@5)] == HIfG+ (1 - f)B—R].

RHS-X3: If deviant bank h chooses the “lend to both with no cross subsidy” strategy, firm j’s

highest possible expected profit by choosing deviant bank /’s offer can be assessed by (56) below.

max E [/ (@;)] = Pr(G) | Pr(GIG,C)(G = Rg) + Pr(BIG,C)G - Rg)|  (56)

TpjE€X3j

Because 75,; € X3, the loan contract of deviant bank & should give deviant bank % a strictly positive

expected profit.

E [r"(@ns|z_1)] = Pr(G) [PT(G|C¥, C)Rg + Pr(B|G,C)B| +

Pr(B) [PT(G\B’, C)Ry + Pr(B|B,C)B] —R—C =¢>0. (57)
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Here, using Pr(G|G,C) = Pr(G|G,C) =1 — (1 — f)e=C and
Pr(B|B,C) = Pr(B|B,C) = 1 — fe=°C, (56) and (57) become as below.

E[xf ()] = f [(1 —(1- e —ac> (G — Re) + (1= feC(G - RB)} . (58)
E [n(nglon)] = £ [(1= (1= e=®) Rg+ (1= feOB] +
1-f) [fe*aézizé n (1 . fe*a@> B] “R-C=ec (59)

By substituting (59) to (58) to eliminate R@ and R 5> We obtain

E [w/(on)] = £ |G = (1= (1= ))eC) Rg — (1= fle "Ry
=[G+ (1= e CB+(1-f) (1= feC) B~

—fG+(1-f)B-R-C - (60)

R—-—C—e¢

Then, we can find the loan contract, specifically the screening cost C, by deviant bank h that offers
firm 7 the highest expected profit. The first derivative is calculated as in (61), which is always

negative. I [7rf (ihj)} is a decreasing function of ', so the corner solution C‘;j = 0 should be chosen.

il A s ) ©61)

Ci = 0. (62)

Letz ~3* € X3; denote the bank A’s loan contract which uses screening cost C* = (. By substituting

(62) into (60), firm 7’s highest expected profit from deviant bank A’s offer is as below.
B[ ()] = fG+(1 - B—R—ec

Since £ [ﬂ'f (z h])] is a decreasing function of ¢, firm j’s expected profit will be higher if deviant
bank h’s expected profit € is smaller. So, the highest expected profit for firm j would be realized if

deviant bank h takes ¢ to the limit of zero.

sup E [r/ (%}7)] = hmE [/ (@75)] = fG+(1— f)B—R.
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RHS-X4: If deviant bank / chooses the “lend to both with a cross subsidy” strategy, firm j’s

highest possible expected profit by choosing deviant bank &’s offer can be assessed by (63) below.

max E [7f(&;)] = Pr(G) [PT(G|G, C)(G — Rg) + Pr(B|G,C)(G — Rg)| +

ih]'Elej

Pr(B) [Pr(éw, C)(B - RB)] (63)

Note that unlike (56) in case (IC-3), cross-subsidy implies Rp < B, so that a firm can repay in full
Rp even with the bad realization of the firm’s type. Because 7; € X4;, the loan contract of deviant

bank h should give deviant bank A a strictly positive expected profit.

E [7(@n;|z_n)] = Pr(G)[Pr(G|G,C)Rg + Pr(B|G,C)B] + Pr(B)Rg — R — C = ¢ > 0. (64)

Here, using Pr(G|G,C) = Pr(G|G,C) =1 — (1 — f)e € and
PT(B|Ba C)= PT(B|B, C)=1- fe=2C, (63) and (64) become as below.

B[ )] = £ [(1= (1= D)eC) (G = Rrg) + (1= fle (G — Rp)]
(=) [(1= o) (B - Ry)]. (65)

E [n"(@n]z_p)] = f [(1 — (1= e ) Rg + (1 — f)e—aCB} +(1—f)Rsg— R—C =¢. (66)
By substituting (66) to (65), to eliminate RG and R 5> We obtain

B [l (@)] =G+ (1= f) (1= fe ) B= [ [(1= (1= fle ) fog + (1 = Pe "Ry
— (1= ) (1~ fe9) Ry
=fG+(1—f)(1—fe)B—f(1—(1—fe ) Re—(1- )R
=fG+(1—-f) B—R—-C —e (67)

Then, we can find the loan contract, specifically the screening cost C, by deviant bank h that offers

firm j the highest expected profit. The first derivative is calculated as in (68), which is always
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negative. & [7rf (fhj)} is a decreasing function of C, so the corner solution C? = 0 should be chosen.

I (7, .
M:_1<0. (68)
oC

Ci =0. (69)

Let :7:;15 € X4, denote the bank h’s loan contract which uses screening cost C‘Z = (. By substituting

(69) into (67), firm j’s highest expected profit from deviant bank /’s offer is as below.
E[x (#3)] = fG+(1—f)B-—R—e

Since £ [ﬂ'f (:i’f;’]‘)] is a decreasing function of ¢, firm j’s expected profit will be higher if deviant
bank h’s expected profit € is smaller. So, the highest expected profit for firm j would be realized if

deviant bank h takes ¢ to the limit of zero.
sup E [r/ (#7)] = lim 7 [7/(@y5)] = fG+ (1— f)B—R.

Next, by summarizing RHS-X1, RHS-X2, RHS-X3, and RHS-X4, the right hand side of the

incentive compatible constraint (39) can be expressed as below.

max {{f [G - R- —alaf(1- 1)(G - B)] - aif] -Gy

ffG+(1-f)B - R”af(l—f)(G—B)Sl}v (70)
A-HIfG+ 0 - f)B - A,
fG+(1 —f)B—R}
Here, the first two lines represent RHS-X1, the third line represents RHS-X2. The fourth line
represents RHS-X3 and RHS-X4. The third line is smaller than the fourth line, since the third line is

equal to the fourth line multiplied by 1 — f < 1. Therefore, we will not consider RHS-X2. Then, we

can simplify (70) as below.
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1 1
max {{f [G - R- hlaf(L- (G- B) - &—f] s PGBy,

flfG+ (0 —-f)B - R”af(l—f)(G—B)Sl}v (71)
FG+(1—f)B - R.}

When af(1 — f)(G — B) > 1, define A as the first line RHS-X1 minus the third line RHS-X3 (or
RHS-X4) in (71), as below.

A= G—R—Oz—lfln[af(l—f)(G—B)]—aLf _fG+(—B—R. (72

Here, if A > 0, then the “lend to G only” strategy should be chosen by a deviant bank over the
“lend to both” strategy. Firm j’s IC constraint (71), originally (37), in which “lend to G only” is the
equilibrium strategy, can be further classified into four subcases as below.

Subcase (1-a): IC constraint: When af(1 — f)(G — B) > 1, and A > 0, the “lend to G only”
contract provides firm j the highest expected profit compared to contracts under other lending
strategies. Here, while bank 7 chooses the “lend to G only” strategy, deviant bank /h may also choose

the “lend to & only” strategy, and the firm j’s IC constraint (37) becomes

PrHG)PHGIG,C) G = Ry) > | [G ~R- a—lf mlaf(1 - f)(G — B)] aif} (T
which is
F16(C)(G ~ Re) > f [G - R~ —tnlaf(1 - (G~ B)| - a—ﬂ . a3

Subcase (1-b): IC constraint: When af(1 — f)(G — B) > 1, and A < 0, the “lend to both”
contract provides firm j the highest expected profit compared to contracts under other lending
strategies. “Lend to both” strategies include case (IC-3) “lend to both with no cross subsidy” and
case (IC-4) “lend to both with a cross subsidy.” Here, while the bank 7 chooses the “lend to G only”
strategy, the deviant bank & may choose the “lend to both” strategy, and the firm j’s IC constraint

(37) becomes
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Pr(G)Pr(G|G,C)(G — Rg) > fG+ (1 — f)B—R. (74)

Subcase (1-c): IC constraint: When af(1 — f)(G'— B) > 1, and A = 0, the “lend to G only”
contract and the “lend to both” contract can provide the same highest firm’s expected profit. Under
this case, there could appear a mixed strategy equilibrium.?” We do not go deep into this case, and
we assume all banks choose the same pure strategy. Without loss of generality, case (1-c) is

combined with case (1-a). Hereinafter, we do not consider this case separately.

Subcase (1-d): IC constraint: When o(1 — f)(G — B) < 1, the “lend to both” contract provides
firm 7 the highest expected profit compared to contracts under other lending strategies, because in
(71) the second line is f multiplying the third line, and f is smaller than 1. Here, while the bank
chooses the “lend to & only” strategy, deviant bank i may choose the “lend to both” strategy, and the

firm j’s IC constraint (37) becomes
Pr(G)Pr(G|G,C)(G — Ry) > fG+ (1 — f)B— R. (75)

Next, we incorporate subcases of IC constraint, (1-a), (1-b), and (1-d) into the bank’s optimal

problem.

2This mixed strategy equilibrium can be achieved by asymmetric pure strategies or by lottery by each bank.
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1.2 Subcases of Case (1) Bank’s Problem

1.2.1 Subcase (1-a) Bank’s Problem

In subcase (1-a), af(1 — f)(G'— B) > 1 and A > 0, the deviant bank % adopts the “lend to G only”

strategy. Firm’s IC constraint becomes (73b). Bank ¢’s optimal problem is expressed as below.

max £ |fa(C)Rg + (1~ falC)B - R= % (Bank profi¢
s.t.

fa(ONG — Re) = 0 Firm IR}
fo(C)(G ~ Rg) 2 G~ R~ —Inlaf(1 = /)G~ B) - .= [FirmIC]

[ fa(C)Re + (1 = fa(C))B — R — % =0 [Bank ZPC|

Note that if the RHS of the firm’s IC constraint is less than zero, only the firm’s IR constraint
binds, and vice versa. Here, we analyze the case with the firm’s IC constraint, that is, the RHS of the
firm’s IC constraint is positive without firm’s IR constraint.

By banks’ zero-profit constraint,

_R+C/f-(1-feclC)B
fa(C)

R, = k(C).

We substitute R to the firm’s IC constraint as below.

fo(C)G = k(C)) 2 G = R = —in(af (1= )G = B)) = ==
Then, we form the Lagrangian as below.
C
L(C) =f {fG(O)k(O) + (1= fa(C)B - R~ 7} + /\{fG(C)(G —k(C)) - [G - R-—
1 1
Linfas1- NG -B) - ]| 6)

A bank maximizes this Lagrangian by choosing C' > 0. The first order condition is written as below.

0= g—é =/ [fé(CWO) + fa(C)K'(C) = f&(C)B - ﬂ + Aff6(O)G = k(C)) = fa(CK (O]

(77)
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In the Lagrangian (76), the firm’s IC constraint should be binding, and A > 0. Recall that in stage 2,
firm j’s maximization problem (1) is derived from the first order condition with respect to C' to
maximize firm j’s expected profit by (deviant) bank as (45), that is,

OF [Wf(l‘ij)]

90 = flfa(C)G = k(C)) — fa(C)K(C)] = 0. (78)

By (78), we have f,(C)G = f;(C)k(C) + fa(C)K'(C). By substituting (78) to (77), the first order

condition becomes

0= g—é =f {f’G(O)k((J) + fe(CVK(C) = fL(C)B — %
0= |fseNG-B) - 7| )

Here, f4(C) = a(1 — f)e™®¢ > 0, f4(C)|c=o = a(1 — f), and the second derivative f(C) < 0

9L

is negative. We can calculate 9% |c_g = (1 — f)(G — B) — % >0, 503

< 0. Hence, the Lagrangian
(76) is an increasing and concave function of C, and there is an internal solution of C*.

In summary, when af (1 — f)(G — B) > 1, A > 0, and
G- R— hfaf(l—f)(G—B)]— ;5 =0, the “lend to G only” strategy by banks is an

equilibrium strategy. The equilibrium loan contract uses the “lend to G only” lending strategy, and

the screening strategy and the required repayment is characterized in the loan contract x7; , where

cr = éln[af(l _ (G =B).

c* B
R — R+ T af(G-B)
G 1 '
1— —2+
af(G-B)

Both are derived from (79). R*B can be arbitrary because banks do not lend to B firms.

Lemma 2. When af(1— f)(G—B) > 1, A >0,and G — R — aifln[af(l — (G- B)] - aif > 0,
the “lend to G only” strategy by banks is an equilibrium strategy.

3This condition is from firm’s PC constraint. F [Wf (x”) ] represents firm’s expected profit before screening in stage 2,
which is non-negative by firm’s participation constraint. Otherwise, firms will not enter the market in the first place.
E[nf(x};)] = Pr(G)Pr(G|G,C)(G - Rg) = f[G— R— O%f Infaf(1 - f)(G— B)]— O%f} > 0.
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1.2.2 Subcases (1-b) and (1-d) Bank’s Problem

In subcase (1-b), auf (1 — f)(G'— B) > 1, and A < 0, bank 7 offers the “lend to G only” strategy in
equilibrium. Deviant bank h offers the “lend to both” strategy to give firms the highest expected
profit in a deviation among all possible deviation offers. In this case, we have the IC constraint (74).

However, under the “lend to G only” strategy, firms at most receive the following expected profit,
derived as the same way as for the first line of (71), which is

f {G—R—aifln[af@—f)(c;—B)] —aif] |

Under the “lend to both” strategy, firms receive the third line of (71). By our current assumption here
A <0,

f{G—R—aifln[af(l—f)(G—B)]—a—lf} < fG+(1-f)B-R.

Therefore, in this parametric values case, bank ¢ does not take the “lend to G only” strategy in an
equilibrium. In other words, this case cannot be taken in an equilibrium.

In subcase (1-d), af(1 — f)(G — B) < 1, bank i offers the “lend to G only” strategy in
equilibrium. Deviant bank h offers the “lend to both” strategy to give firms the highest expected
profit in a deviation among all possible deviation offers. In this case, we have the IC constraint (75).

However, under the “lend to & only” strategy, firms at most receive the following expected profit,

derived as the same way as for the second line of (71), which is
flfG+Q1—f)B—R]
Under the “lend to both” strategy, firms receive the third line of (71). We have
flfG+(1—-f)B—R]| < fG+(1—- f)B—R.

Therefore, in this parametric values case, bank ¢ does not take the “lend to G only” strategy in an
equilibrium. In other words, this case cannot be taken in an equilibrium.

In summary, for stage 1 case (1), we have following results.

Lemma 3. When af(1 — f)(G — B) > 1land A <0, or when af(1 — f)(G — B) < 1, the “lend to

G only” strategy cannot be an equilibrium strategy.
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To summarize stage 1 case (1), the “lend to G only” strategy can be an equilibrium strategy, when

af(l—f)(G—B)>1,AZO,andG—R—alfln[af(l—f)(G—B)]—aLf20.

2 Stage 1 Case (2)

Suppose the “lend to B only” (i1 = 0) is the equilibrium lending strategy in stage 1 before
observing signals. Bank ¢ offers the “lend to B only” strategy, then receive loan applicants, and
screens the applicant firms. If bank ¢ obtains B signal for firm j, then bank ¢ would provide the loan
to firm j. With the G signal, bank ¢ would not provide the loan to firm j.

The bank optimal problem per firm in stage 1 is defined as below.

max E [x'(x;j|v—)] = Pr(B) | Pr(G|B,C)Ry + Pr(B|B,C)B - R — % [Bank profit]
(80)

s.t. (81)

E [7 (z:;)] = Pr(G)Pr(B|G,C)(G — Rg) >0 [Firm PC]
(82)

E [7! (z:;)] = Pr(G)Pr(B|G,C)(G — Rg) > E [r/(24;)] , for Vh # i,¥#,; € x; [Firm IC]
(83)

E [7*(xy|z_;)] = Pr(B) |Pr(G|B,C)Rs + Pr(B|B,C)B — R — % =0  [Bank ZPC]

(84)

Now, we prove that this case cannot be taken in an equilibrium.
Under the “lend to B only” strategy, firms can receive at most the following expected profit,

derived as the same way as for the third line of (70), which is
flfG+ (1 - f)B—R]

Suppose deviant bank h offers the “lend to both” strategy, then firms can receive at most the fourth
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line of (70). We have
fIfG+(1—-f)B-Rl < fG+(1—f)B—R.

Therefore, in this parametric values case, bank 7 does not take the “lend to B only” strategy in an
equilibrium. In other words, this case cannot be taken in an equilibrium. We have the following
lemma.

In summary, for stage 1 case (2), we have following results.

Lemma 4. The “lend to B only” strategy cannot be an equilibrium strategy, under any parameter

values.

3 Stage 1 Case (3)

Suppose the “lend to both with no cross subsidy” (i1 € (0, 1), R3 > B), is the equilibrium lending
strategy in stage 1 before observing signals. Bank ¢ offers the lending strategy “lend to both with no
cross subsidy”, then receives loan applicants, and screens the applicant firms. If bank ¢ obtains G
signal for firm j, then bank ¢ would provide the loan rate R to firm j. With B signal, bank ¢ would

provide the loan rate 12 to firm j.
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The bank optimal problem per firm is defined as below.

max E [r*(z;;|z_)] = Pr(G) [PT(G]@, C)Re + Pr(B|G, C)B] + Pr(B) [Pr(GyB, C)Rp+

Tij €S3

Pr(B|B, C)B] ~R-C [Bank profit]
(85)

s.t.

E [xf ()] = Pr(G) |Pr(G|G,C)(G — Rg) + Pr(B|G,C)(G — Rg)| >0 [Firm PC]
(86)

E 1/ (z:j)] = Pr(G) [ Pr(GIG,C)(G = Rg) + Pr(BIG,C)(G — Rg)| = E [v/(&n,)]

for Vh # i,YZy; € x; [Firm IC]
(87)

E [ (wyle_i)] = Pr(G) | Pr(GIG,C)Rg + Pr(BIG,C)B| + Pr(B) | Pr(G|B,C)Ry+
Pr(B|B, C)B] “R-C=0 [Bank ZPC]
(33)
3.1 Subcases of Case (3) IC constraint

By the same argument to derive (71), firm j’s IC constraint (87) can be expressed as below:

Pr(G) | Pr(G|G, C)(G = R) + Pr(BIG,C)(G — Ry)|

1 1
2 max {{f {G —R— a_f Infaf(1 - f)(G - B)] - a_f] laf(1—f)(G=B)>15
flfG+Q1—f)B - RHaf(lf)(GB)Sl}a
fG+(1—f)B—R.}. (89)

Then, firm j’s IC constraint (89) can be simplified into four cases as below.

Subcase (3-a): IC constraint: When a.f(1 — f)(G — B) > 1, and A > 0, the “lend to G only”

contract provides firm j the highest expected profit, compared to contracts under other lending
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strategies. Hence, while bank 7 chooses the “lend to both with no cross subsidy” strategy, deviant

bank h may choose the “lend to G only” strategy, and firm j’s IC constraint (89) becomes

Pr(G) [Pr(GIG.0)(G ~ Re) + Pr(BIG.O)G ~ Ry)| > f [G ~ R Zinlo(l~ f)(G - B)] -~

(90)

Subcase (3-b): IC constraint: When af(1 — f)(G — B) > 1,and A < 0, the “lend to both”
contract provides firm j the highest expected profit, compared to contracts under other lending

strategies. Firm j’s IC constraint (89) becomes
Pr(G) [Pr(G|G,C)(G - Ry + Pr(B|G,C)(G — RB)] > fG+(1—f)B—R. (91

Subcase (3-¢): IC constraint: When af(1 — f)(G — B) > 1, and A = 0, the “lend to G only”
contract and the “lend to both” contract can provide the same highest firm’s expected profit. Under
this case, there could exist a mixed strategy equilibrium. Since we focus on pure strategy
equilibrium, we do not go deep into this case, and we assume all banks choose the same pure
strategy. Without loss of generality, case (3-c) is combined with case (3-b). Hereinafter, we do not

construct this case separately.

Subcase (3-d): IC constraint: When a(1 — f)(G — B) < 1, the “lend to both” contract provides
firm 7 the highest expected profit compared to contracts under other lending strategies. Firm j’s IC

constraint (89) becomes
Pr(G) [Pr(GIG, O)(G = Rg) + Pr(BIG,C)(G - Rg)| > fG+ (1= )B- R (92)

This is the same constraint as in case (3-b), (91). Next, we incorporate subcases of IC constraint,

(3-a), (3-b), and (3-d) into bank’s optimal problem.
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3.2 Subcases of Case (3) Bank’s Problem

3.2.1 Subcase (3-a) Bank’s Problem

In case (3-a), af(1 — f)(G — B) > 1 and A > 0, bank i offers the “lend to both with no cross
subsidy” strategy in equilibrium. Deviant bank A offers the “lend to G only” strategy to give firms
the highest expected profit in a deviation among all possible deviation offers. In this case, we have
the IC constraint (90).

However, under the “lend to both with no cross subsidy” strategy, firms at most receive the

following expected profit, derived as the same way as for the third line of (71), which is
fG+(1-f)B—R.

Under the “lend to G only” strategy, firms receive the first line of (71). By our current assumption

here A > 0,

f G—R—aifln[af(l—f)(G—B)]—aif > fG+(1-f)B-R.

Therefore, in this parametric values case, bank ¢ does not take the “lend to both with no cross

subsidy” strategy in an equilibrium. In other words, this case cannot be taken in an equilibrium.

3.2.2 Subcases (3-b) and (3-d) Bank’s Problem

In subcases (3-b) and (3-d), firm’s IC constraint is (101). Here, the bank 7’s optimal problem is

simplified as below:

max f[fa(C)Rg + (1 - fa(C)B] + (1 = f)[fs(C)B + (1 — f5(C))Rp] — R — C [Bank profit]

xijes:s

s.t.
f1f6(C) (G = Rg) + (1 — fo(C)) (G — Ry)] = 0 [Firm PC]
flfe(C)(G = Reg)+ (1= fa(C) (G —Rg)l = f[G+(1—- f)B—R [Firm IC]

Flfa(C)Rs + (1 — fo(C)B] + (1 — f)[f5(C)B + (1 — f5(C))Rz] — R—C =0  [Bank ZPC]

Recall that Pr(G|G, C) = Pr(G|G,C) = fa(C) =1— (1 — fle 2,

Pr(B|B,C) = Pr(B|B,C) = f5(C) = 1 — fe=C. Then, we have f5(C) =1 — f=[9) By
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banks’ zero-profit constraint, 12+, R are functions of C, as following:

CR4C-(-1B 1-f6(C)
B ffa(O) fa(C)
. R+C-(-HB  falC)
Fe =M =50 100y 1 fl 0!

b(C).

We substitute R, [2 to the firm’s IC constraint as below:
fG+(1—-f)B-—R—-C>fG+(1-f)B—R,
which can be further simplified as
C <.

There are two subcases. First, the RHS of firm’s IC constraint is less than zero. We can show that
firm’s IR constraint is violated, as in case (1-a). No firms enter in stage 1, and hence there is no
equilibrium in this case. Second, the RHS of firm’s IC constraint is non-negative, which indicates
that fG + (1 — f)B > R. Given that the screening cost is non-negative, we have the optimal
screening cost C* = 0.

In the equilibrium, C* = 0. Bank ZPC means that

R—(1-f)B _

fRL+ (1= f)RE = 7

[R,G]. (93)

Note that a firm chooses one bank in stage 2, and cannot switch to other banks (loan contracts) in
later stages, implying that a firm only values the expected profit ex ante, that is, the expected
repayment in stage 2. Here, R*G and R, may be different, but it does not affect firm’s strategy in
stage 2 as long as satisfying (93), because firms do not know whether they will get Gor B signals.

The firm’s expected profit in stage 2 as below.

E [x(x},)] = Pr(G) [PT(G|G, C)(G — R},) + Pr(B|G,C)(G — R})

[f(G = Rg)+(1—f)(G - Rp)]

f
F1G—(fRL+ (1= f)RY)] (94)
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Here, the remaining question is whether banks want to offer different /7, and ;. Remember that
under C* = 0, Ry, and R, do not convey any information, and firms are indifferent between R, and
R’ as long as (93) is satisfied. This means banks are also indifferent between offering symmetric
strategy and offering asymmetric strategies.

In summary, when af (1 — f)(G — B) > 1, A <0,and fG + (1 — f)B > R; or when
af(l— f)(G—B) <land fG+ (1— f)B > R, the “lend to both with no cross subsidy” strategy
by banks is the equilibrium strategy of a set of non-screening, cheap-information based equilibria.
The equilibrium contract uses the “lend to both with no cross subsidy” strategy, and the screening

strategy and the required repayment is characterized in the loan contract x7; , where

C* =0.
R—-(1-f)B

JRG+ (L= )Ry = =

In particular, there is a non-screening pooling equilibrium contract, in which

R—(1-f)B

R, =Ry =R, = 7

> R.

Because R, > R > B, the assumption of no cross subsidy holds.

In summary, for stage 1 case (3), we have following results.

Lemma 5. When o(1 — f)(G—B) > 1, A <0,and fG+ (1 — f)B > R, or when
a(l — f)(G—B)<1land fG+ (1 — f)B > R, the “lend to both with no cross subsidy” strategy

by banks is an equilibrium strategy.

4 Stage 1 Case (4)

Suppose the “lend to both with a cross subsidy” (i1 € (0,1), Rs < B), is the equilibrium lending
strategy in stage 1 before observing signals. Bank ¢ provides the “lend to both with a cross subsidy”
strategy, then receives loan applicants and screens the applicant firms. If bank ¢ obtains G signal for
firm j, then bank ¢ would provide the loan rate R to firm j. With B signal, bank ¢ would provide

the loan rate R4 to firm j.

31This condition is from firm’s IR constraint. E |77 (x;;) | represents firm’s expected profit before screening in stage 2,
which is non-negative by firm’s participation constraint. Otherwise, firms will not enter the market in the first place. By
(93) and (94), E[n! (23,)] = G+ (1— /)B— R >0,
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The bank optimal problem per firm is defined as below.

A

max E [7°(z;j|z_;)] = Pr(G) [Pr(G|@, C)Rg + Pr(B|G, C’)B} + Pr(B)Rs — R — C  [Bank profit]

xij€S4

95)

s.t.

E [/ (23)] = Pr(G) |Pr(G|G,C)(G ~ Rg) + Pr(B|G, C)(G — Ry)|

+ Pr(B) [PT(B|B, O)(B - RB)] >0 [Firm PC]
(96)

E [« (z:5)] = Pr(G) [Pr(GIG,C)(G = Rg) + Pr(BIG,C)(G — Ry)|

+ Pr(B) [PT‘(E|B, C) (B — RB)]} > E [1f (31y)] , for Vh # i, Vi, € z; [Firm IC]
97)

E [r*(zi;|z_)] = Pr(G) [PT(G]G*, C)Rg + Pr(B|G, C)B] +Pr(B)Ry —R—C=0  [Bank ZPC]

(98)
4.1 Subcases of Case (4) IC constraint
By the same argument to derive (71), firm’s IC constraint (97) can be expressed as below:
Pr(G)[Pr(G|G,C)(G — Rg) + Pr(B|G,C)(G — Rg)] + Pr(B)[Pr(B|B,C)(B — Rp)]
> max { {r|o-r-nlasa- 1G5 - 2 oo pic-mes
fU(?+(1-—f)B—-RHmﬂ1fXGm§1}7
fG+(1—f)B—R.}. (99)

Then, firm j’s IC constraint (99) can be simplified into four cases as below.

Subcase (4-a): IC constraint: When o.f(1 — f)(G — B) > 1 and A > 0, the “lend to (i only”

contract provides firm j the highest expected profit, compared to contracts under other lending
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strategies. Hence, while bank 7 chooses the “lend to both with a cross subsidy” strategy, deviant bank

h may choose the “lend to G only” strategy, and the firm ;’s IC constraint (99) becomes

Pr(G) | Pr(G|G, C)(G = Rg) + Pr(BIG,C)(G — Ry)

+ Pr(B) [Pr(BIB.O)B ~ Ry)| > 1 [G _R- éln[a(l ~ PG -B) - é 00

Subcase (4-b): IC constraint: When af(1 — f)(G'— B) > 1 and A < 0, the “lend to both”
contract provides firm j the highest expected profit compared to contracts under other lending

strategies, and firm j’s IC constraint (99) becomes

Pr(G) | Pr(GIG,C)(G = Rg) + Pr(BIG,C)(G — Ry)

+ Pr(B) [Pr(B|B, C)(B—Rp)| > fG+(1—f)B—R. (101)

Subcase (4-c): IC constraint: When af (1 — f)(G — B) > 1 and A = 0, the “lend to G only”
contract and the “lend to both” contract can provide the same highest firm’s expected profit. Under
this case, there could be a mixed strategy equilibrium appears. Since we focus on pure strategy
equilibrium, we do not go deep into this case, and we assume all banks choose the same pure
strategy. Without loss of generality, case (4-c) is combined with case (4-b). Hereinafter, we do not

construct this case separately.

Subcase (4-d): IC constraint: When a(1 — f)(G — B) < 1, the “lend to both” contract provides
firm j the highest expected profit compared to contracts under other lending strategies, and the firm

7’s IC constraint (99) becomes

Pr(G) | Pr(GIG,C)(G = Rg) + Pr(BIG,C)(G — Ry)
+ Pr(B) [Pr(B|B,(J)(B—RB) >fG+(1-f)B—R. (102)
This is the same constraint as in case (4-b) (101).

Next, we incorporate subcases of IC constraint, (4-a), (4-b), and (4-d) into the bank’s optimal

problem.
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4.2 Subcases of Case (4) Bank’s Problem

4.2.1 Subcase (4-a) Bank’s Problem

In subcase (4-a), af(1 — f)(G — B) > 1 and A > 0, bank ¢ offers the “lend to both with a cross
subsidy” in equilibrium. Deviant bank A offers the “lend to G only” strategy to give firms the highest
expected profit in a deviation among all possible deviation offers. In this case, we have the IC
constraint (100).

However, under the “lend to both with a cross subsidy” strategy, firms at most receive the

following expected profit, derived as the same way as for the third line of (71), which is
fG+(1-f)B—R.

Under the “lend to G only” strategy, firms receive the first line of (71). By our current assumption

here A > 0,

f G—R—aifln[af(l—f)(G—B)]—aif > fG+(1-f)B-R.

Therefore, in this parametric values case, bank 7 does not take the “lend to both with a cross subsidy”

strategy in an equilibrium. In other words, this case cannot be taken in an equilibrium.

4.2.2 Subcases (4-b) and (4-d) Bank’s Problem

In subcases (4-b) and (4-d), firm’s IC constraint is (101). Here, the bank ¢’s optimal problem is

simplified as below:

mnax flfe(C)Re + (1= fe(C)B] + (1 - f)Rp —R-C [Bank profit]
s.t.
flG = fa(C)Rg — (1 = fo(C))Rg] + (1 = f)fs(C)(B = Rg) > 0 [Firm PC]

flG = fe(C)Re — (1 = fo(C)) Ryl + (1 = f)fs(C)(B — Rg) =2 fG+ (1 - f)B— R [FirmIC]

flfe(C)Re+ (1 — fa(C))Bl+ (1 - f)Rg—R—-C =0 [Bank ZPC]
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By banks’ zero-profit constraint, R, I 5 are functions of C' as following:

_R+C—f(1-fe(C)B  1-f

He=MO="""50 F0)

Recall that Pr(G|G, C) = Pr(G|G,C) = fa(C) =1 — (1 — fle*C,
Pr(B|B,C) = Pr(B|B,C) = fz(C) =1 — fe . Then, we have fz(C) =1 — f%@}(cc) We

substitute Rz, Ry, fp(C) to the IC constraint and it becomes
fG+(1-f)B-R—-C>fG+(1—f)B—R,
which can be further simplified as
C<o.

There are two subcases. First, the RHS of firm’s IC constraint is less than zero. We can show that
firm’s IR constraint is violated, as in case (1-a). No firms enter in stage 1, hence, there is no
equilibrium in this case. Second, the RHS of firm’s IC constraint is non-negative, which indicates
that fG + (1 — f)B > R. Given that the screening cost is non-negative, we have the optimal
screening cost C* = 0.

In the equilibrium, C* = (. Bank ZPC means that
PR+ (1~ f)Ry=R—(1-f)fB (103)

Note that a firm chooses one bank in stage 2, and cannot switch to other banks (loan contracts) in
later stages, implying that a firm only values the expected profit ex ante, that is, the expected
repayment in stage 2. Here, R/, and I, may be different, but it does not affect firm’s strategy in

stage 2 as long as satisfying (103), because firms do not know whether they will get Gor B signals.
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The firm’s equilibrium expected profit in stage 2 as below.

E [rf(2},)] =Pr(G) [Pr(ém, C)(G - Ry) + Pr(B|G,C)(G — R})
+ Pr(B) [Pr(éw, O)(B - R;)}

=f [f(G—=Ry) + (1= f)(G—Ry)|+ (1 - )*(B-Rp)

=fG+(1—[)’B—[f*R:+ (1 — f)R}] (104)

Here, the remaining question is whether banks want to offer different /2, and ;. Remember that
under C* = 0, R}, and R do not convey any information, and firms are indifferent between 127, and
R, as long as (103) is satisfied. This means banks are also indifferent between offering pooling
strategy and offering cheap information strategies.

In summary, when af (1 — f)(G— B) > 1, A <0,and fG + (1 — f)B > R, or when
af(l1— f)(G—B)<1land fG+ (1— f)B > R, * the “lend to both with a cross subsidy” strategy
by banks is the equilibrium strategy of a set of cheap information non-screening equilibria. The

equilibrium contract uses the “lend to both with a cross subsidy” strategy, and the screening strategy

and the required repayment is characterized in the loan contract x7; , where
c*=0.
1— R—(1- B

f f

Pk — Px x _ px — px _ R=QA=-f)fB  B-(1-f)fB _ :
Let R, = R = R}, by (103), we have B}, = Ry = R, = [ ey i v s E v B. Since

R} > B, the assumption of cross subsidy does not hold. Under “lend only to both with a cross

subsidy” strategy, there is no pooling Nash equilibrium.
In summary, for stage 1 case (4), we have following results.
Lemma 6. When o(1 — f)(G—B) > 1, A <0, and fG+ (1 — f)B > R, or when
a(l — f)(G—B)<land fG+ (1 — f)B > R, the “lend to both with a cross subsidy” strategy by

banks is an equilibrium strategy.

32This condition is from firm’s PC constraint. £ [/ (x;;) | represents firm’s expected profit before screening in stage 2,
which is non-negative by firm’s participation constraint. Otherwise, firms will not enter the market in the first place. By
(103) and (104), E[rf (7,)] = fG+ (1 — f)B—R > 0.
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D PROOF OF PROPOSITION 2

For the case of screening strategy, z; = (Prj(G\CAJ,Cj),L@J, Ly ;) €[f;1) x {1} x {0}. We

consider the “lend to G only” strategy. Denote economy-wide net output as W.

max W, =Y Pr(G)[Pr(G|G,C})G + Pr(B|G,C;)B - R] - C,

=1
s.t. Pr(é’)j[Pr(é) [Pr(G|G,C;)G + Pr(B|G,C;)B — R] — C; >0, forVj € {1,2,...,m}
The Lagrangian is as below.
L :i {Pr@)[Pr(G@, C,)G + Pr(B|G,C;)B — R] — cj} -
=1
i A {PT(G) [Pr(G)[Pr(G|G, C;)G + Pr(B|G,C,)B — R] — Cj}
=1
By Pr(G|G,C;) = fa(C;), the Lagrangian can be rewritten as below.
i )G+ (1~ fo(Cy)B — R~ O} — ZA{ffG )G+ (1~ Jo(C)B — R -

The first order conditions are for Vj € {1,2,...,m},

0L

a_cfj:<1+)‘j)<ffG( )G —B)—1)=0.

Firms are identical, thus, C} = Cy = ... = (), = C. The first order conditions imply

ffo(C*)(G — B) — 1 = 0. Recall that in the decentralized baseline, the first order condition in the

screening equilibrium is f/,(C*)(G — B) — 1/ f = 0. Therefore, the optimal screening cost of the

screening strategy in the social planner’s problem is the same as the optimal screening cost in the

screening equilibrium in the decentralised economy. The optimal overall output is

= [fG -~ é —~ éln(af(l - NG - B))]m

For the case of non-screening strategy, z; = (Pr;(G|G,C), L aiLpy) €1f,1) x {1} x {1}.

Cy}
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Denote economy-wide net output as W,.

max W, =Y Pr(G)[Pr(G|G,C;)G + Pr(B|G,C;)B] + Pr(B)[Pr(G|B,C;)G + Pr(B|B,C))B]

j=1
—R-C,
st.  Pr(Q)[Pr(G|G,C,)G + Pr(B|G,C;)B] + Pr(B)[Pr(G|B, C,)G + Pr(B|B, C;)B]

—R—-C; >0, forVj € {1,2,...,m}

The Lagrangian is as below.

L i
i {Pr )[Pr(G|G,C;)G + Pr(B|G, C;)B] + Pr(B)[Pr(G|B,C;)G + Pr(B|B,C,)B] — R — cj} —
Zm: by { &)[Pr(G|G,C)G + Pr(B|G.C;)B] + Pr(B)[Pr(G|B,C;)G + Pr(B|B,C;)B] — R — cj}

Jj=1

where Pr(B)Pr(G|B,C;) = PT(B)% = Pr(B|G,C;)Pr(G) = Pr(G)Pr(B|G,C}).

By Simplifying the Lagrangian, we have

L= ifG—l— 1—f B—R—Oj]—ikj[fGHl—f)B—R—Cj]
7=1

j=1
The first order conditions are for Vj € {1,2,...,m},

OL

5o, = ~(1+4) <0

Firms are identical. ', = Cy, = ... = (), = C'. The first order conditions imply C* = 0, So the
optimal screening cost of the non-screening strategy in the social planner’s problem is the same as
the optimal screening cost in the non-screening equilibrium in the decentralised economy. The
optimal overall output is

=[fG+ (1= f)B—Rlm

The timing of switching between screening equilibrium and non-screening equilibrium depends on
A, 1s consistent with A in the decentralized baseline, as shown below. When A, > 0, the optimal

solution of the social planner’s problem is the same as the screening equilibrium. When A, < 0, the



77 APPENDIX E

optimal solution of the social planner’s problem is the same as the non-screening equilibrium.

=[£G~~~ —in(af(1 - f)(G - B))| m

—[fG+(1—-f)B—R]m

=mA

E CHARACTERIZATION OF EQUILIBRIUM AND COMPARATIVE ANALYSIS ON NI AND
GDP

We investigate the effects of changes in five parameters: «, f, R, G, and B, ceteris paribus. For
each parameter value, how equilibrium changes and how NI and GDP change are shown below.
Without loss of generality, we focus on the screening separating equilibrium (also written as SS
equilibrium or screening equilibrium) and the non-screening pooling equilibrium (also written as NP
equilibrium or non-screening equilibrium) in this section.

According to proposition 1, A is an important threshold to determine screening or non-screening

equilibrium. A can be simplified as below.

A= G—R—aifln[af(l—ﬁ(G—B)}—a—lf _fG+(1-f)B-R)

= (1= (R~ B) ~ Wnfaf(1~ (G~ B)] - ~ (105)

A Changes in o

1 Characterization of Equilibrium

Depending on the existence of A, there are two cases: (1) f(1 — f)(G — B) > 1, which implies
that A exists for Vo € [o, 1), where o« = m; and (2) f(1 — f)(G — B) < 1, which implies
that A does not exist for Vo € (0, 1). Note that firm’s expected profit ex ante is non-negative, and we
introduce two key values of a: agg for screening equilibrium case and «y p for non-screening
equilibrium case. At agg, firm’s expected profit in screening strategy is E[?Tgs(ass)] = 0. At ayp,

firm’s expected profit in non-screening strategy is E[r4 ,(axp)] = 0. E[rg] is an increasing

function of ov. E[r), ] is irrelevant to a.
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Subcase (a-1): f(1 — f)(G — B) > 1, then A exists for Vo € [a, 1). The first derivative

92 = Linaf(1 - f)(G — B) > 0, A is an increasing function of c. The signs of A(a = «) and

A(a = 1) are uncertain. E[r ] = fG + (1 — f)B — R, which is not related to . If B[4, ;] > 0,

Ala = a) = —(1 — f)E[r] ] < 0, and vice versa. Hence, there are three possibilities: (1)
Ala=a)<0,Ala=1) <02 Ala=a)<0,Alc=1)>0;3) Ala=a) >0,
Ala=1)>0.

Sub-subcase (a-1.1): A(a = o) < 0 (that is, E[r) ] > 0), A(a = 1) < 0, as in Figure 5, panel (a).
For Va € (0, 1), there is a non-screening equilibrium.

Sub-subcase (@-1.2): A(a = a) < 0 (that is, E[WLP] > 0), A(aw = 1) > 0, as in Figure 5, panel (b).
Denote a* satisfies A(a*) = 0. At o*, E[rlg] = E[rp] > 0, thus, agg > o*. When a € (0, a*),
there is a non-screening equilibrium; when « € [, 1), there is a screening equilibrium.
Sub-subcase (a-1.3): A(a = o) > 0 (that is, E[r) ] < 0), A(a = 1) > 0, as in Figure 5, panel (c).
Ata, C* =0, Elrld = f(fG+ (1 — f)B — R) < 0, thus, aigg > . When a € (0, args), there is
no investment domestically; when a € [agg, 1), there is a screening equilibrium. 3

Subcase (a-2): f(1 — f)(G — B) < 1, then A does not exist for Vo € (0,1). If E[x], ;] > 0, there is

a non-screening equilibrium for Vo € (0,1). If B[}, ] < 0, there is no investment domestically for

Va € (0,1).

3For the case A(a = a) = 0, ags = anp = a, the characterization of equilibrium is consistent with subcase (a-1.3).
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IR

e Ala=0a)<0,Ala=1)<0 0 Ala=a)<0,Ala=1)>0

(@ Ala=a)>0,A(la=1)>0

Figure 5: The plot of A on «

2 Comparative Analysis on NI and GDP

As in Figure 6, NI and GDP vary as a changes. The figures are plotted according to the equations
(15) to (18). For the upper row, the two figures (a) and (b) characterize the case non-screening
equilibrium exists for some « € (0, 1) (subcase (a-1.2) above). When « € (0, a*), there is a
non-screening equilibrium, and NI and GDP do not depend on o. When « € [a*, 1), there is a
screening equilibrium, and NI and GDP are increasing and concave functions of «. For the lower
row, the two figures (c) and (d) characterize the case that non-screening equilibrium does not exist
for any a € (0, 1) (subcase (a-1.3) above). When « € (0, ags), no loan contracts are offered in the
domestic market, and all investments go abroad, thus, N1 = mR, GDP = 0. When « € [agg, 1),
there is a screening equilibrium. Regarding « case, there are other conditions depending on other

parameters, that is, subcase (a-1.1) and subcase (a-2). In subcase (a-1.1), for all o« € (0, 1), there is
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a non-screening equilibrium. In subcase (a-2), for all & € (0, 1), there is either a non-screening

equilibrium or no loan contracts offered in the domestic market. We skip the details of those two

cases here.
NI | GDP
NP NP SS
mfG+(1-f)B] m[fG+(1-f)B]
i : s i .
0 a 1 24 0 a 1
(a) (b)
NI I No GDP‘ No
sS SS
contract contract
mR
fmR
0 ! - a 0 - a
gg 1 ass 1

(©) (d)

Figure 6: Comparative analysis: « case.

3 Implications of Advancement in Screening Technology

After the pandemic, digitization is one of the new trends of financial institutions. Using new tools
such as cloud computing, big data analysis, and mobile payments, banks should be able to improve
the accuracy of screening, thus, reduce the screening cost.

In our model, the signal accuracy is defined as Pr(G|G,C) = fo(C) =1 — (1 — f)e *C. The
improvement of screening technology implies the increase of «.. As in Figure 5, as a becomes
bigger, the baseline model is more likely to have a screening equilibrium where banks conduct
screening and only lend to G. Asin Figure 6, the NI in the screening equilibrium is bigger than the
NI in the non-screening equilibrium and the NI in the case of full foreign investment. As « increases,
the NI in the screening equilibrium increases. Note that if the initial screening technology is

underdeveloped (« is very low), a big investment of the screening technology is necessary to
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generate a screening equilibrium; otherwise, a small investment is just a waste of money in the sense
that the non-screening equilibrium (or foreign investment) still prevails.
Overall, the improvements in the screening technology will motivate banks to use screening, and

make the economy to have the screening equilibrium with higher NI.

B Changes in f

1 Characterization of Equilibrium

Depending on the existence of A, there are two cases: (1) a(G — B) < 4, which implies that
Ve (0,1),af(l - f)(G— B)<1;and (2) (G — B) > 4, which means that
df € (0,1),af(1 — f)(G — B) > 1. Note that firm’s expected profit ex ante is non-negative, and we
introduce two key values of f: fsg for screening equilibrium case and fp for non-screening
equilibrium case. When f = fgg, firm’s expected profit in screening strategy is
Elrfs(fss)] = fss(G — R) = in[afss(1 — fss)(G — B)] — £ = 0. When f = fyp, firm’s
expected profit in non-screening strategy is E[w’ »(fxp)] = farG + (1 — fxp)B — R = 0.
Subcase (f-1): o(G — B) < 4, thenforVf € (0,1),af(1 — f)(G — B) < 1. screening equilibrium
does not exist, and by (105), A does not exist. When f € (0, fyp), there is no investment
domestically; when f € [fxp, 1), there is a non-screening equilibrium.
Subcase (f-2): (G — B) > 4, then 3f € (0,1),af(1 — f)(G — B) > 1. Denote f and f that
satisfies oof (1 — f)(G — B) = 1, that is, C%g = 0. Note that f < 3 < f. Aexists for f € [f, f]. The

first derivative 57 = —(R — B) — 2(} — 125, and the second order condition is always positive. At

fand f, Cgs =0, A(f) = =(1 = )(fG + (1 = f)B = R) = —(1 — f)E[myp), and

E[rlg] = fE[x) ] . The signs of A(f) and A(f) are uncertain. %’i < 0, but the sign of %“— is

uncertain. Then, we further divide this case based on the signs of A(f) and A(f).

Sub-subcase (f-2.1): A(f) > 0 and A(f) > 0, as in Figure 7, panel (a). Since A(f) > 0,

E[’]T]{,P(]E)] < 0. E[ﬁ]{,P] is an increasing function of f, thus, fyp > f. Here, the value of fgg is

7 I i
important. Note that %7}55] =G-R- é(% - ﬁ) %ﬁfsuf > 0, but the sign of %@SS]Q is

uncertain. E[rfg(f)] < 0and E[rfg(f)] < 0. So, fss ¢ [f. f], which implies fss does not matter

for the characterization of equilibrium. When f € (0, fyp), there is no investment domestically;

when f € [fnp, 1), there is a non-screening equilibrium.
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Sub-subcase (f-2.2): A(f) < 0and A(f) < 0, as in Figure 7, panel (b).* A is always negative, so

fss does not matter for the characterization of equilibrium. Since A(f) <0, £ [l f)] >0, and
fvp < f. When f € (0, fxp), there is no investment domestically; when f € [fyp, 1), there is a
non-screening equilibrium.

Sub-subcase (f-2.3): A(f) > 0and A(f) < 0. This means E[r}¢(f)] < 0and E[r}g(f)] > 0,
fss € [f, f]. Moreover, E[W]{[P(i)] < 0and E[xf,,(f)] > 0,50 fxp € [/, f]. Denote f* satisfies
A(f*) = 0. Then, we analyze the relative sizes of fsg, fyp, and f*, which can be divided to two
possibilities. (1) If fyp < f*, then A(fyp) > 0. Since E[rl, ,(fyp)] = 0, E[xls(fxp)] > 0, thus,
fss < fvp. QTIf fyp > f*, then A(fnp) < 0, E[rlg(fnp)] < 0, thus, fss > fyp. For the
possibility of fyp = f*, it can be combined with either case above. In subcase (f-2.3), we analyze
the former possibility, fss < fyp < f*, as in Figure 7, panel (c). When f € (0, fss), there is no
investment domestically; when f € [fsgs, f*), there is a screening equilibrium; when f € [f*, 1),
there is a non-screening equilibrium.

Sub-subcase (f-2.4): A(f) > 0and A(f) < 0. We analyze the latter possibility, f* < fnp < fss,

as in Figure 7, panel (d). When f € (0, fxp), there is no investment domestically; when

f € [fnp, 1), there is a non-screening equilibrium.

3For the case when A(f) = 0and A(f) =0, f = fnp, f = 1, and the result is the same as subcase (f-2.2).
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@ A(f) > 0,A(f) >0 (b) A(f) <0,A(f) <0

fNP fss f

0 [ fss Fnp f*‘; 1 h

© A(f)>0,A(f) <0, fss < fvp < f* (@) A(f) >0,A(f) <0, f* < fnp < fss

Figure 7: The plot of A on f

2 Comparative Analysis on NI and GDP

As in Figure 8, NI and GDP vary as f changes. For the upper row, the two figures (a) and (b)
characterize the case that screening equilibrium exists for some f € (0, 1) (subcase (f-2.3) above).
More specifically, when f € (0, fss), no loan contracts are offered in the domestic market, all
investments go abroad, thus, GDP = 0 with NI = mR. When f € [fss, f*), there is a screening
equilibrium, banks allocate f share of funding to domestic market and use the rest to invest abroad,
so NI is an increasing convex function of f, and so does GDP. When f € [f*, 1), there is a
non-screening equilibrium, banks allocate all fundings to the domestic market, so NI is an increasing
linear function of f, and so does GDP. Here, f* is the threshold from screening equilibrium to
non-screening equilibrium, and it is easy to identify as NIgs = NIyp and GDPss < GDPyp. The

reason of the discontinuity of the GDP at f* is that banks stop foreign investments and increase
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lending in the domestic market.?

For the lower row, the two figures (c) and (d) characterize the case that screening equilibrium does
not exist for all f € (0, 1) (all subcases other than (f-2.3)). When f € (0, fiyp), there is no loans
offered in the domestic market, thus, GDP = 0 with NI = mR. When f € [fyp, 1), there is a

non-screening equilibrium.

No 4 No
NI contract 5§ NP GDP contract 8§ NP
mG mG
mR ‘——/ /
mfssR
0 ‘ > 0 | H n N
fu [ w— f U
(a) (b)
3 No b No
NI contract NP GDP contract NP
mG 3 mG
mR mR
0 ‘ > 0 : >
Fap 1 4 Fnp 1 4
(c) @

Figure 8: Comparative analysis: f case

C Changesin R

1 Characterization of Equilibrium

Depending on the existence of A, there are two cases: (1) af(1 — f)(G — B) > 1, which implies
that A exists for VR € (B, G); and (2) af(1 — f)(G — B) < 1, which implies that A does not exist
for VR € (B, G). Note that firm’s expected profit ex ante is non-negative, and we introduce two key

values of R: Rgg for screening equilibrium case and Ry p for non-screening equilibrium case. At

35The baseline model uses fixed-size loan contracts. When the equilibrium switches between no contract, screening
equilibrium, and non-screening equilibrium, the foreign investments will flow into (or out of) the domestic market and
cause a jump of the domestic output. The discontinuity disappears when we endogenize the loan size and use
constant-returns-to-scale production technology.
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Rgg, firm’s expected profit in screening strategy is £ [W£S<RSS)] = 0. At Ryp, firm’s expected profit
in non-screening strategy is E[r »(Rxp)] = 0.

Subcase (R-1): af(1 — f)(G — B) > 1, then A exists for VR € (B, G). A is an increasing linear
function of R. A(R = B) < 0,

AR=G) > 2laf(1 - f)(G - B) —1—In[af(1 - f)(G — B)]] > 0. Denote R* satisfies
A(R*) = 0. Both E[rlg] and E[r} ;] are decreasing linear functions of R, with

Elrly(R=B)] >0, E[r{p(R = B)] > 0, E[rl4(R = G)] < 0, and E[r], »(R = G)] < 0. Thus,
Rss € (B,G) and Ryp € (B, G). The relative sizes of R*, Rgg, and Ry p can be divided into two
possibilities: (1) Rgs < Ryp < G*. (2) Rgs > Ryp > G™.

Sub-subcase (R-1.1): Rss < Ryp < G*, as in Figure 9, panel (a). When R € (B, Ryp), there is a
non-screening equilibrium; when R € [Ryp, G), there is no investment domestically.

Sub-subcase (R-1.2): Rgs > Ryp > G*, as in Figure 9, panel (b). When R € (B, R*), there is a
non-screening equilibrium; when R € [R*, Rsg), there is a screening equilibrium; when

R € [Rgs, G), there is no investment domestically.

Subcase (R-2): af(1 — f)(G — B) < 1, then A does not exist for VR € (B, G). When

R € (B, Ryp), there is a non-screening equilibrium; when R € [Ryp, G), there is no investment
domestically.

a a

(a) Rss < Ryp < G* (b) Rss > Ryp > G*
Figure 9: The plot of A on R
2 Comparative Analysis on NI and GDP

As in Figure 10, NI and GDP vary as R changes. For the upper row, the two figures (a) and (b)

characterize the case that screening equilibrium exists for some R € (B, G), (subcase (R-1.2)
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above). More specifically, when R € (B, R*), there is a non-screening equilibrium. The levels of NI
and GDP in pooling equilibrium do not depend on R. When R € [R*, Rgsg), there is a screening
equilibrium. NI is a linear increasing function of R, with a slope of (1 — f)m. GDP does not depend
on R. When R € [Rgg, ), no loan contracts are offered in the domestic market, all investments go
abroad, thus, NI is a linear increasing function of R with a slope of m, and GDP is zero given that
there is no domestic production. For the lower row, the two figures (c) and (d) characterize the case
that screening equilibrium does not exist for any R € (B, G) (subcase (R-1.1, R-2) above). When

R € (B, Ryp), there is a non-screening equilibrium. The level of NI and GDP in pooling
equilibrium do not depend on R. When R € [Ryp, ), no loan contracts are offered in the domestic

market, all investments go abroad, thus, NI is a linear increasing function of R, with a slope of m,

and GDP is zero.
NI GDP
No No
MG NP : SS Icontract NP sS contract
m{fG+(1-f)Bl mIfG+1-B] I
0 i* ! : »R 0 ! | | | R
B R R, G B R R, G
(@) (b)
NI T GDP |
No No
NP contract NP contract
mG mG .
m[fG+(1-f)B] m[fG+(1-f)B]
0 ? i i R 0 ? 3 i R
B Rup G B Ryp G
() (d)

Figure 10: Comparative analysis: R case

R affects the return of depositors (or investors), Figure 11 shows the expected returns of
depositors and firms. The expected returns of depositors or investors (£(79)) are always R per unit

of money under all occasions. The expected returns of firms (E(7/)) depend on the equilibrium. The
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LHS figure (a) shows the case that screening equilibrium exists for some R € (B, G). When

R € (B, R*), there is a non-screening equilibrium, and the firm’s expected profit is a linear
decreasing function of R, with a slope of 1. When R € [R*, Rgg), there is a screening equilibrium,
and the firm’s expected profit is a linear decreasing function of R, with a slope of (1 — f). When

R € [Rsgs, G), no loan contracts are offered in the domestic market, thus, firm’s expected profit is
zero. The RHS figure (b) shows the case that screening equilibrium does not exist for any

R € (B,G). When R € (B, Ryp), there is a non-screening equilibrium, and the firm’s expected
profit is a linear decreasing function of R, with a slope of 1. When R € [Ryp, G), no loan contracts

are offered in the domestic market, thus, firm’s expected profit is zero.

No E(m), No
E(ﬂ) NP SS contract ( ) NP contract
G : !

f(G-B)

(a) (b)

Figure 11: R case: firm’s expected profit E(7/) and depositor’s expected profit F(m?)

When R is high, the model shows a tendency for capital outflow. The financial sector might be
overheated and investors have a big expected return, while the real sector stays at a constrained
status. R can be interpreted as the return of foreign investment, With a big R, banks tend to invest
abroad, instead of financing the domestic project. As R increases, the NI increases, while the GDP

remains at a lower level.

D Changes in G

1 Characterization of Equilibrium

Depending on the existence of A, there are two cases: (1) B + m < R, which means that for

VG € (R,00),af(1~ f)(G ~ B) > 1;and (2) B + ;7= > R, which means that
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VG € (G,00),af(1 — f)(G—B) >1,where G = B + - Note that firm’s expected profit ex

af (1 f
ante is non-negative, and we introduce two key values of GG: G g5 for screening equilibrium case and
G n p for non-screening equilibrium case. At Ggg, firm’s expected profit in screening strategy is
E[rls(Gss)] = 0. At Gy p, firm’s expected profit in non-screening strategy is E[r4 »(Gnp)] = 0.
E[rL] is an increasing and convex function of G, and E[r], ] is an increasing linear function of G,
and Gyp > R, Ggg > R.

Subcase (G-1): B + —+— f ; < R, then for VG € (R, 00), f (1 = f)(G — B) > 1. We can plot A
on G € (R, c0). The first derivative gé a(G B < 0, and the second order condition 2 802 > 0.
The sign of A(G = R) is uncertain. Then, we further divide this case based on the sign.
Sub-subcase (G-1.1): A(G = R) < 0, as in Figure 12, panel (a). At G = R, E[r},,(G = R)] <0,
and £ [7T]fV p] is an increasing linear function of G, thus, Gyp < R. When G € (R, Gyp), there is no
investment domestically; when G € |Gy p, 00), there is a non-screening equilibrium.*
Sub-subcase (G-1.2): A(G = R) > 0. Denote G* satisfies A(G*) = 0. Regarding the relative
values of Ggs and Gyp, if Gyp < G*, then Ggs < Gyp < G*; and if Gnyp > G*,

Ggss > Gnyp > G*. The relative sizes of G*, Gss5, and Gy p can be divided into two possibilities:
(1) Ggs < Gyp < G*;and (2) Ggs > Gyp > G*. In subcase (G-1.2), we show the first possibility,
as in Figure 12, panel (b). When G € (R, Gs5s), there is no investment domestically; when

G € [Ggs, G*), there is a screening equilibrium; when G € [G*, 00), there is a non-screening
equilibrium.

Sub-subcase (G-1.3): A(G = R) > 0, Ggs > Gxp > G*, as in Figure 12, panel (c). When

G € (R,Gyp), there is no investment domestically; when G € |Gy p, o0), there is a non-screening
equilibrium.

Subcase (G-2): B + 77— > R. then for VG € (G, 00), af (1 — f)(G — B) > 1. The plot of A

(
and the characterization of equlhbrlum is similar to subcases of (G-1). We skip the plot and divide
the equilibrium characterization into four possibilities. (1) A(G) < 0. When G € (R, Gnp), there is
no investment domestically; when G € [G'xyp, 00), there is a non-screening equilibrium. (2)

A(G) > 0,Ggs > Gyp > G* > G. When G € (R, Gyp), there is no investment domestically;

when G € [Gyp, ), there is a non-screening equilibrium. (3) A(G) > 0, Gss < Gnp < G < G*

3®For the case A(G = R) =0, Gyp = R, for VG € (R, ), there is a non-screening equilibrium.
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or Ggs < G < Gyp < G*. When G € (R, G), there is no investment domestically; when
G € [G, G*), there is a screening equilibrium; when G € [G*, 00), there is a non-screening
equilibrium. (4) A(G) > 0, G < Gss < Gyp < G*. When G € (R, Ggs), there is no investment
domestically; when G € [Ggg, G*), there is a screening equilibrium; when G € [G*, ), there is a

non-screening equilibrium.

Ay Ay
0 R Grr G 0 G
(a)QSR,A(G:R)<O (b)QSR,A(G:R)>0,G55<GNP<G*
As

D

© G<R,A(G=R)>0,Gss >Gnp >G*

Figure 12: The plot of A on G

2 Comparative Analysis on NI and GDP

As in Figure 13, NI and GDP vary as GG changes. For the upper row, the two figures (a) and (b)
characterize the case that screening equilibrium exists for some G € (R, o0) (subcase (G-1.2)
above). When GG € (R, G 5s), no loan contracts are offered in the domestic market, and all
investments go abroad, thus, NI = mR,GDP = 0. When G € [Ggg, G*), there is a screening
equilibrium, and NI and GDP are increasing and convex functions of G. When G € [G*, c0), there is

a non-screening equilibrium, and NI and GDP are increasing and linear functions of GG. For the lower
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row, the two figures (c) and (d) characterize the case that screening equilibrium does not exist for any

G € (R, o0) (subcase (G-1.1, 1.3) above). When G € (R, G yp), no loan contracts are offered in the

domestic market. When G € [Gyp, 00), there is a non-screening equilibrium.

y No 4 No
NI ~ contract GDP contract S5
3 mfR
0 o & »G 0 »G
(@ (®)
Y No Y No
NI contract NP GDP contract
mR mR
: > ; - > G
0% Gyp G & Gyp
© (d)
Figure 13: Comparative analysis: G case
E Changesin B
1 Characterization of Equilibrium
Depending on the existence of A, there are two cases: (1) G — —L _ > R, which means that for

af(1=7)
VB € [0,R),af(l1 - f)(G— B) > 1l;and (2) G — ;75— < R, which means that
VB € [0,B),af(l1— f)(G— B) > 1, where B =G — m Note that firm’s expected profit ex
ante is non-negative, and we introduce two key values of B: Bgg for screening equilibrium case and
By p for non-screening equilibrium case. At Bgg, firm’s expected profit in screening strategy is
E[rl(Bss)] = 0. At Byp, firm’s expected profit in non-screening strategy is [} »(Byp)] = 0.

E[rL] is an increasing and concave function of B, and E[r} ] is an increasing linear function of B.

Subcase (B-1): B =G — m > R, then for VB € [0, R),af (1 — f)(G — B) > 1. We can plot
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Aon B € [0, R). The first derivative g—g =—(1—-f)+ @ <—(1—-f)+ f(1—f)<0,and the

second order condition 24 = m > 0. Note that

A(B=R) = —2xln[af(1 - f)(G — R)] — £ <0. Ais negative when B = R.
A(B=0)=(1-f)R—Linfaf(1— f)G] — L. The sign of A(B = 0) is uncertain, so is the sign
of E[r] »(B = 0)]. Then, we further divide this case based on the signs.

Sub-subcase (B-1.1): A(B =0) < 0and Byp < 0, as in Figure 14, panel (a). For any B € [0, R),
there is a non-screening equilibrium.

Sub-subcase (B-1.2): A(B =0) < 0and Byp > 0, as in Figure 14, panel (b). When B € [0, Bxp),
there is no investment domestically; when B € [Byp, R), there is a non-screening equilibrium.
Sub-subcase (B-1.3): A(B = 0) > 0. Denote B* satisfies A(B*) = 0. Regarding the relative values
of Bgg and By p, if Byp > B*, then E[rl, ,(B*)] > 0, and E[rL(B*)] > 0, implying that

Bgss > B*, thus, Bgg > Byp > B*. Similarly, If Byp < B*, then Bgg < Byp < B*. The relative
sizes of B*, Bgg, and Bxp can be divided into three possibilities: (1) Bss > Byp > B*. (2)

0 < Bgg < Byp < B*. (3) Bsg < 0 < B*, where By p does not matter. In subcase (B-1.3), we
show the first possibility in Figure 14, panel (c)*’. Here, when B € [0, Byp), there is no investment
domestically; when B € [Byp, R), there is a non-screening equilibrium.

Sub-subcase (B-1.4): A(B=0) > 0and 0 < Bss < Byp < B*, as in Figure 14, panel (d). When
B € [0, Bgsg), there is no investment domestically; when B € [Bgg, B*), there is a screening
equilibrium; when B € [B*, R), there is a non-screening equilibrium.

Sub-subcase (B-1.5): A(B =0) > 0 and Bss < 0 < B*, as in Figure 14, panel (e). When

B € [0, B*], there is a screening equilibrium; when B € [B*, R), there is a non-screening
equilibrium.

Subcase (B-2): G — m <R.B=G - m At B, C* =0,

AB)=-1-£f)(fG+ (1 - f)B—R).If A(B) <0,Byp < B. The plots of A on B remain
almost the same as subcases of (B-1), except replacing the upper limit R with 3. The
characterization of equilibrium is the same as subcases of (B-1). If A(B) > 0, as in Figure 14, panel

(f). Hence, when B € [0, Byp), there is no investment domestically; when B € [Byp, R), there is a

non-screening equilibrium.

3The case Bgg = Byp = B* can be combined with subcase (B-1.3).



92 APPENDIX E

a4 Ay

0 R B o Bup R B
(a)B>R,A(B=0)<0,BNp<O (b)B>R,A(B=0)<O,BNpZO

a4 Ay

S

B” Byp Bss R 0 Bss Byp BN ’

(¢) B>R,A(B=0)>0,Bss>Byp>B*d)B > R, A(B=0) >00< Bgg <
Byp < B*
Ay a4

\ . _

(e) B>R,A(B=0)>0,Bss <0< B* () B<R,A(B)>0

Figure 14: The plot of A on B

2 Comparative Analysis on NI and GDP

As in Figure 15, NI and GDP vary as B changes. For the first row, the two figures (a) and (b)
characterize the case that screening equilibrium exists for some B (subcase (B-1.4) above). When
B € [0, Bss), no loan contracts are offered in the domestic market, and all investments go abroad.

When B € [Bgsg, B*), there is a screening equilibrium. When B € [B*, R), there is a non-screening
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equilibrium. For the second row, the two figures (c) and (d) characterize the case that screening
equilibrium does not exist for any B € [0, R) (subcase (B-1.2, 1.3) above). When B € [0, Byp), no
loan contracts are offered in the domestic market, and all investments go abroad. When

B € [Byp, R), there is a non-screening equilibrium. Regarding B case, there are other conditions,
that is, subcase (B-1.1) and subcase (B-1.5) above. In subcase (B-1.1), there is a non-screening
equilibrium for any B € [0, R). In subcase (B-1.5), when B € [0, B*], there is a screening
equilibrium; when B € [B*, R), there is a non-screening equilibrium. We skip the details of those

two cases here.

No 4 No
NI contract §S NP GDP contract SS
mfG+(1-f)R] : mIfG+1-fR] ,
0 By B° R ~B 0 By B~ R ~B
(a) (b)
No Y No
NI contract NP GDP contract NP
m[fG+(1-f)R] 1 m[fG+(1-f)R]
mR mR
3 N 0 1 i » B
(©) @)

Figure 15: Comparative analysis: B case

In summary, the equilibrium varies with parameter values as follows.

(1 ) When the efficiency of screening is low (« is low), a non-screening equilibrium is more likely
to emerge. Note that a can be interpreted as a multiplier of the screening cost. When the financial
market or the screening technologies are well developed, o should be high. In other words, to
achieve the same level of signal accuracy, an economy with lower o needs to spend a higher level of

screening cost. When the screening cost is more expensive than the loss of identification mistakes,
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the optimal decision will be to give up screening, so there is a non-screening equilibrium.

(2) When the average project quality is high (f is high), the economy tends to have a
non-screening equilibrium. A high average project quality indicates that banks are likely to pick
good firms under a blind selection, and the possibility of lending to bad firms, that is, the possibility
of default is small, so banks are unwilling to spend money on screening, given a small loss in
non-screening strategy.

(3) When the international interest rate R is low, the economy tends to have a non-screening
equilibrium. Banks’ funding cost per unit of loan is R. Given (G, B constant, when 2 becomes
lower, bank’s loss of an identification mistake is lower. Since the screening cost is simply higher
than the loss associated with the higher default without screening, banks are less likely to screen.

(4) When the good firm’s output G is high relative to R, the economy tends to have a
non-screening equilibrium. Since we assume a fixed size of loan contract, only f share of funding is
allocated for domestic market in the screening strategy, while all funding is used for domestic market
in the non-screening strategy. If the good firm’s output G is high, it is optimal to bear the loss of
default to fund every good firm.*

(5) When the bad firm’s output B is high relative to 1z, the economy tends to have a non-screening
equilibrium. Given R constant, a higher B implies a smaller loss of default. Given the cost of
conducting screening, banks are less likely to screen.

In addition, under certain extreme conditions,>® there is no loan contract in equilibrium, as firm’s
expected profit ex ante are negative and will not go to banks to borrow loans. Hence, banks collect
deposits and invest abroad to receive the international interest rate R. In other words, the domestic
credit market collapses. This is consistent with Dvorkin and Shell (2017) who have shown
empirically there is no market when market asset quality is extremely bad, loan demand decreases,

and loan standard is tightened.

3#1n the later section, we relax the assumption of the fixed-size contract, and use the constant-return-to-scale production
technology, and we find the characterization of equilibrium in G case is slightly different, while the other four cases
remain the same.

3Such extreme conditions include a very low a, a very low f, a very low G, a very low B, or a very high R.
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F PROOF OF PROPOSITION 3

Under a credit easing policy, the central bank offers banks a lower funding cost than the
international interest rate R, if banks lend to domestic borrowers. Denote 7 as the level of the
subsidization. Let us denote the domestic interest rate by R. Bank’s zero profit condition means
arbitrage with international interest rate, that is, R = (1 — 7)R. Thus, bank’s funding cost is (1 —7)R
per unit of loan, and the central bank provides a subsidy of 7R per unit of loan. The expenditure on
credit easing is financed by the lump sum tax (inflation tax) on households (depositors).

We follow the setup of baseline, and adjust the funding cost of banks to (1 — 7) R for loans. Under
the “lend to G only” strategy, firm’s expected profit (36) remains the same, while bank’s expected

profit (35) becomes*
E [x(ayle_)] = Pr(G) | Pr(GIG.C)Ry + Pr(B|G,C)B — (1 — )R % (106)

Under the “lend to both with no cross subsidy” strategy, firm’s expected profit (86) remains the same,

while bank’s expected profit (85) becomes

E [r(zij]v—;)] =Pr(G)[Pr(G|G,C)Rg + Pr(B|G,C)B] + Pr(B)[Pr(G|B,C) R4+

Pr(B|B,C)B]—(1—71)R—C (107)

Under the “lend to both with a cross subsidy” strategy, firm’s expected profit (96) remains the same,

while bank’s expected profit (95) becomes
E [7b(xy|x_i)] =Pr(G) [Pr(Gm, C)Rg + Pr(B|G,C)B| + Pr(B)Rs — (1 —7)R—C (108)

As shown above, the formulas of firm’s expected profit remains the same as the baseline, we only
replace E [7°(x;|x_;)] with E [r?(x;]x_;)] for the bank’s optimal problem. Here, we find two

types of pure strategy Nash equilibria, that is, the screening equilibrium and the non-screening

40The “lend to B only” strategy is omitted given that it cannot be an equilibrium strategy, as showed in Lemma 4.
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equilibrium. We denote A, as below

Ar=EL <7TA];ST> - B (ﬂ_};PT>

_; {G— (1= R lulaf(1= (G- B) - | ~ G+ (L= N)B - (1= DR

The rest of the calculation is the same as the baseline.
G PROOF OF PROPOSITION 4

Under business subsidy policy, the government provides a subsidy .S to all firms. The subsidy can
be considered as a temporary increase of firm’s output from G and B to (G + S) and (B + S). Note
the size of the increase is exogenous.

If B+ S > R, we can consider this case as f = 1. Because how we define bad firms is their output
smaller than the international interest rate. Under f = 1, there is always a non-screening equilibrium.

If B+ S < R,then f < 1, and all firms’ outputs increase S. We follow the setup of baseline, and
adjust firms’ outputs. !

Under the “lend to G only” strategy, bank’s expected profit becomes
) . . . C
E [7r (a:”]x_l)] = Pr(G) | Pr(G|G,C)Rg + Pr(B|G,C)(B+S) — R — 7 . (109)
Firm’s expected profit becomes
E[wwxmp;o]::Pr«%[Pr«ﬂéxij-kS-Réﬂ. (110)
Under the “lend to both with no cross subsidy” strategy, bank’s expected profit becomes

E [r(zy]z_)] =Pr(G)[Pr(G|G,C)Rg + Pr(B|G,C)(B + S)] + Pr(B)[Pr(G|B,C)Rs+

Pr(B|B,C)(B+S)] - R - C. (111)

41 The “lend to B only” strategy is omitted given that it cannot be an equilibrium strategy, as showed in Lemma 4.
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Firm’s expected profit becomes
E [r! (zx_)] = Pr(G) [PT(G|G, O)(G + S — Rg) + Pr(B|G,C)(G + S — RB)] . (112)
Under the “lend to both with a cross subsidy” strategy, bank’s expected profit becomes
E [r*(xi;|z_)] =Pr(G) [PT(G@, CVRg, + Pr(B|G,C)(B + S)] + Pr(B)Rsy— R~ C. (113)
Firm’s expected profit becomes

E [nl(zij]x_)] =Pr(G) [PT(G\G, C)(G+ S — Ry) + Pr(B|G,0)(G + S — RB)]

+ Pr(B) [Pm@yB, C)B+ S — RB)] (114)

We replace firm’s and bank’s expected profits into the setup of baseline, and find two types of pure
strategy Nash equilibria: the screening equilibrium and the non-screening equilibrium.

Denote A, as below.

As=E (W£‘55> - F (WJJ:/PS>

:f{G+S—R—&ifln[af(1—f)(G—B)]—aif _fG+(1— f)B+S—R]

The rest of the calculation is the same as the baseline.
H PROOF OF PROPOSITION 5

Under public loan guarantees, the government provides a complete loan guarantee plan ex ante
with the required loan rate contingent on the signal, ?» or R5. The government expenditure on loan
guarantees is from the lump sum tax, paid by consumers. For a given loan contract, if a borrower
repays, the borrower will pay the required loan rate in the contract; if a borrower defaults, the lender
will acquire the borrower’s output, and the government will pay the rest of the repayment to achieve
the overall repayment at 12~ or I25. Due to the competitive banking industry, banks’ zero-profit
constraint is still binding.

We follow the setup of baseline and adjust the expressions of bank’s expected profit. Under the
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“lend to G only” strategy, bank’s expected profit becomes

E [r(xy]z-;)] = Pr(G) (R@ —R-— %) =fRz+(1—f)R—R-C. (115)
Firm’s expected profit remains
E [« (wjlz )] = Pr(G) | Pr(GIG,C)(G = Rg)| = [ fa(G - Rg). (116)

Under the “lend to both with no cross subsidy” strategy, bank’s expected profit becomes
E [r"(zy|x_)] = Pr(G)Rg + Pr(B)Rg — R—C = fRs+ (1 — f)Rg —R—C. (117
Firm’s expected profit remains

E [x! (z]e_)] = Pr(G) [PT(G|G, O)(G — Rg) + Pr(B|G,C)(G — RB)]

= flG— feRg— (1 - fa)Rgl = ffa(G — Rg) + f(1 — fo)(G — Rp). (118)

We can show that the “lend to G only” strategy is weakly dominated by the “lend to both with no
cross subsidy” strategy. For any loan contract under the “lend to G only” strategy, I7» and C satisfies
(115) equals to zero (bank’s zero profit constraint). There is always a contract under the “lend to
both with no cross subsidy” strategy, where R and C' are the same as the former contract, and let
Rz = R. Bank’s zero profit constraint in (117) is satisfied, and firm’s expected profit (118) is bigger
than in (116), since R5 = R < G.

Under the “lend to both with no cross subsidy” strategy, following the similar calculation as in the

baseline model, we find that the optimal screening cost and the required repayments satisfy

C* =0 (119)

fRL+(1—f)Ry =R (120)

Firm’s expected profit (in stage 2), bank’s expected profit (in stage 1), and depositor’s expected

return are denoted as E [/ (x3;)], E [7°(z};)], and E(m?), as below, which are irrelevant to the
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allocation between R, and R*B'42

E[r!(a3)] = f(G=R)+ (1 - f)(B~ B) = (G~ R). (121)
E [*(z})] = 0. (122)
E(rY)=R—-(1—-f)(R—-B)=fR+ (- f)B. (123)

Next, we discuss the “lend to both with a cross subsidy” strategy, and divide into two subcases: (1)
fG>R;(2) fG < R.
Subcase (1): When fG > R, assume G-type firms with G signal repay, bank’s expected profit

becomes
E [r"(xy|x_)] = Pr(G)Rg + Pr(B)Rg — R—C = fRs+ (1 — f)Rg —R—C. (124
Firm’s expected profit remains

E [r (zy]x_)] =Pr(G) [Pr(ém, C)(G — Rg) + Pr(B|G,C)(G — RB)]
+ Pr(B) [Pr(B|B,C)(B - Ry)]

=flG—feRe— (1= fa)Rpl+ (1 — f)f5 (B — Rp). (125)
Following the similar calculation as in the baseline model, we find that the optimal screening cost
C* =0.
Using bank’s zero profit constraint, firm’s expected profit is a decreasing function of 2.

E [ﬂ'f(l‘ijll’_i)] =flG—fRs— (1 - )R]+ (1 — (B - Rp)

=f(G=R)+(1-f)*(B—Rp).

“lntuitively, G firms repay either R, or R}, contingent on signals. Given C* = 0, with probability f, a G firm repay
RZ, and with probability (1 — f), a G firm repay RE. B firms default regardless of signals. Hence, the allocation
between Rg and R’ does not matter, as long as they satisfy f Rg +(1-f )R’é = R.
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So, & [ﬂ'f (i |x_l)} is maximized when I takes the minimal value as 0, hence

Since fG' > R, RZ < G, a G-type firm with G signal is able to repay the loan. Firm’s expected
profit (in stage 2), bank’s expected profit (in stage 1), and depositor’s expected return are denoted as

E [nf(z})], E [x"(x;)]. and E(7%), as below

E [7"(z};)] =0,

]
E(r%) = fR+ f(1 - f)B.

Intuitively, G firms repay either R, or R}, contingent on signals. Specifically, given C*=0,aCG
firm repay R’, conditional on G signals (with probability f), and repay I’ conditional on B signals
(with probability (1 — f)). B firms default conditional on G signals (with probability f), and repay
R’ conditional on B signals (with probability (1 — f)). In stage 2, a firm chooses a bank to
maximize firm’s expected profit before realizing firms’ types. With probability Pr(G) = f, the firm
is G type, the allocation between R, and I¥}; does not matter; with probability Pr(B)=1-— f, the
firm is B type, the lower the 1?7;, the higher the firm’s expected profit in stage 2. Hence, the optimal
solution is the corner solution where R}_‘% =0.

Subcase (2): When fG < R, assume G-type firms with G signal default, and bank’s and firm’s

expected profits become

E [r(xij|v_;)] = Pr(G)Rg + Pr(B)Ry — R—C = fRs+ (1 — f)Rg — R—C.  (126)
E [7(vj|z—;)] = Pr(G)Pr(B|G,C)(G — Ry) + Pr(B)Pr(B|B,C)(B — Rp)

=f(l—fe)(G—Rp)+(1—f)fs(B—Rp). 127)

Following the similar calculation as in the baseline model, we find that the optimal screening cost
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and equilibrium repayments satisfy

C* =0,

fR+(1— f)R, = R.

Using bank’s zero profit constraint, firm’s expected profit can be simplified as a decreasing

function of RZg.

E [7(zijle_;)] = f(1 = fo)(G = Rg) + (1= f)fs (B — Rp)
= (1= NI = f8)G + fsB — Ry

=1 =NHIfG+ 1= f)B - Rgl

Hence, the optimal required repayments are

Since fG < R, a G-type firm with G signal is unable to repay the loan. Firm’s expected profit (in
stage 2), bank’s expected profit (in stage 1), and depositor’s expected return are denoted as

E [wl(x3;)], E [7"(x;)], and E(7?), as below.

]

E [v!(a})] = (1= HfC+ (1~ B,

Intuitively, all firms default conditional on G signals and repay conditional on B signals. The
lower the R 5, the higher the firm’s expected profit. Since firms choose the loan contract that
maximizes firm’s expected profit, the optimal solution is the corner solution where I, = 0.

Next, we check the corner solution, let R*é = (G, then RE = Rli’;G > (. Since F (7rf )isa

decreasing function of Ry, E(m/)| . _r- S E(rnl)
BT

r* —o. Hence, there is no corner solution such
B
that R*G = (@.

To summarize subcases (1) and (2), under the “lend to both with a cross subsidy” strategy, the
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optimal screening cost and the required repayments are as below,

Cr =0,
) . _R

In stage 2, firm’s expected profit is denoted as £ [/ (27;)], as below

f(G-R)+(1-[)B, if fG=>R,
E[Wf(xfj)] =
1-NHlfG+1-[)B], if fG<R.

In addition, depositor’s expected return are denoted as E(7?), as below.

fR+f(1-[f)B, if [G=R,

flfG+ 1 —fB], if fG<R.

APPENDIX I

(128)

(129)

(130)

(131)

(132)

By (121) and (28), we show that firm’s expected profit under the “lend to both with no cross

subsidy” strategy is smaller than firm’s expected profit under the “lend to both with a cross subsidy”

strategy.** Hence, the “lend to both with no cross subsidy” strategy is dominated by the “lend to both

with a cross subsidy” strategy.

The rest of the calculation is the same as the baseline.

I DIFFERENT PRODUCTION TECHNOLOGY: CONSTANT RETURN TO SCALE

In the baseline, we assume the production technology has a fixed scale, that is, each firm has 1 unit

of project. In this section, we instead assume the production technology has a constant return to

scale, denoted as CRS case: for v unit of capital, the production could be either )G or y) B. We still

keep the assumption that there are m unit of funding in the market and no access to foreign

“Particularly, when fG < R, f(G— R) < (1 — f)R < (1 — f)[fG + (1 — f)B]. We assume fG + (1 — f)B > R, in
the sense that fG + (1 — f)B is the average market asset quality, and R is the opportunity cost of investing abroad. If

fG+ (1 — f)B < R, banks (depositors) will not enter domestic market in the first place.
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investment for domestic firms.

We assume investors either invest all in domestic market or invest all abroad, since we relax the
constraint on loan size. In screening strategy, we assume for each G firm, the loan size becomes
bigger than one, which is 1/Pr(G) = 1/ f; for each B firm, the loan size is 0. In non-screening
strategy, we assume for all firms, the loan size is 1, the same as in the baseline. Depositor’s return of

saving in banks is still R for one unit of deposit for any equilibrium.
A Equilibrium

The calculation of the “lend to both G and B” strategy is the same as the baseline, but the
calculation of the “lend to G only” strategy includes a new part with loan size, 1/ Pr(é ), compared
to the baseline. The bank maximization problem in stage 1 is adjusted as below (consistent to (35),

(36), (37), and (38) in the baseline).

ma EwwmxM:PimpmgP%@@xm%+Pmmacw—R—§1

st E[wfﬂmﬂ}::f%ié)Pr«ﬁf%(éKl(ﬂ(G——Ré)Z()
E [ (2)] ::};%ESF%(GOPraiK%(D(Gﬂ—Zﬁﬁ > B [nf (21,)] , forVh # i, Vi, €
Eh%%miﬂ:Fwéﬁ%@)FMQG@W%+PMB@ADB—R—%}:0

Following the similar calculation as in the baseline (Section III), we have the following
proposition.

Proposition 7. Under the constant-return-to-scale (CRS) production technology, there are three
types of pure strategy Nash Equilibria,the screening separating equilibrium (SS), the non-screening
pooling equilibrium (NP), and the non-screening cheap-information based separating equilibrium
(NS), depending on the parameter values.

Define**

A%ﬂG—R—émmu—ﬁ@—Bﬂ—g—UG+U—ﬁB—m.

Case (1): When o(1 — f)(G— B) > 1, A°>0,and G — R — Lin[a(1 — f)(G—B)] - L >0,

“Here, we interpret A° as the difference of firm’s expected profits in stage 2 under optimal contracts of the “lend to G
only” strategy and of the “lend to both” strategy.
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there is a screening separating equilibrium (SS), in which the “lend to G only” strategy is the
A ;k]’
equilibrium repayment of a G firm Rg are as below.

equilibrium strategy. In the equilibrium contract x?, the equilibrium screening cost C* and the

C*r = éln[a(l — /(G — B)].

* 1
o BAC iy B
G 1 — 1 :

a(G—B)

*

i;» and bank i’s expected

In stage 1, bank i use the “lend to G only” strategy and offer the contract x

profit from firm j before screening is

1 C

b(z*)] = _—Pr(G) | Pr(G|G,C)R~ + Pr(B|G,C)B—R— —| =0.
P = g P | PrGIG.ORG + PriBIG.O -
In stage 2, firm j’s expected profit before screening is
B[ (25)] = —— PrHG)PHCIG,C)(G — Rg) = G — R — “infa(l - f)(G - B)] - .
’ Pr(G) a a

In stage 3, bank ©’s expected profit from firm j after screening is contingent on the signal of firm j,

{PT(GIG, C)Rg + Pr(B|G,C)B — R — 9} —0.

E [ﬂb(x;‘j)@} @ ;

E [wb(x;jné} —0.
In stage 4, firm j’s expected profit after screening is contingent on signals,

1

Pr(G|G,0)(G — Rg) = 7

B[ (a3)G] = e [G _R- éln[a(l — (G- B)] - ﬂ |

E |:7Tf(£(];kj)|B] = 0.
In stage 5, firm j’s profit after production is contingent on signals and real types,

* 1
R‘i‘c—mB
1

1— —L

a(G-B)

o 1
o <xiij, G) @ (G — Rg) =

mf (mfﬂ@, B> = 0.

1
f
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In stage 5, bank i’s profit from firm j after production is contingent on signals and real types,

A 1 c\ 1[R+C = ;g5B 1
7Tb 1G.G) = _ * _ 2 y_Z a(G—B) . i . G — '
(z316.6) T (RG R f> 7 r— R = hola(l = /)G - B)
7 (wylGLB) = ! (B—R—g>—l[B—R_iln[a(l—f)(G—B)]
V) (@) f)f of '
m° (xi}]é,B) =0
i (mfﬂé,@) =0

Case (2): When o(1 — f)(G— B) > 1, A°< 0, and fG+ (1 — f)B > R, or when
a(l = f)(G—B)<land fG+ (1 — f)B > R, there are the non-screening pooling equilibrium
(NP), and the non-screening cheap-information based separating equilibrium (NS), and the

characterizations of the equilibria are the same as the baseline (2) in Proposition 1.

B Comparative Analysis on NI and GDP

In CRS case, the expected NI and GDP in “SS” and “NP” equilibria are calculated as below.*

B(NIS) = E(GDPS) = |G — é - éln[a(l _ (G -B)|m. (133)

E(NIgp) = E(GDP5p) =[G+ (1 - f)Blm. (134)

Although the values of NI and GDP of the screening equilibrium in the CRS case are different from
the values in the baseline, the values of NI and GDP of the non-screening equilibrium in the CRS
case are the same as the values in the baseline. The existence condition of the screening equilibrium
in the CRS case are also different from the existence condition in the baseline. In the non-screening
equilibrium, banks use all the funds in the domestic market in both the baseline and the CRS case,
but in the screening equilibrium, banks use all the funds in the domestic market only in the CRS case.

For the comparative analysis, we discuss changes in five parameter values, consistent with the
baseline (Appendix E). The key difference is that at the switch points between SS and NP, there are
no kinks in the expected NI curve and no gaps in the expected GDP curves. Details are below.

The « case is showed in Figure 16, similar to the baseline. We first introduce two key values of a:

43Same as in the baseline, the the non-screening pooling equilibrium (NP) and the non-screening cheap-information
based separating equilibrium (NS) are indifferent in terms of the expected NI and GDP. Without loss of generality, we
omit NS equilibrium and focus on SS and NP equilibria.
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Ata® = WIG—B)’ C* =0, we find that A® = 0,0A°/0a = 0,0NI/0a|a® = ONI/0ala. At
a%g, firm’s expected profit in screening strategy E[wgg] = 0. Note that firm’s expected profit in
non-screening strategy does not relate to «. The upper row shows the case that

fG+(1— f)B— R > 0. When a € (0, ), there is a non-screening equilibrium, in which the NI
does not depend on ov. When a € [a*, 1), there is a screening equilibrium. The lower row shows the

case that fG+ (1 — f)B — R < 0. When a € (0, agg), all investment go abroad. When

a € [agg, 1), there is a screening equilibrium.

NI GDP{
NP Ss NP SS
m[fG+(1-H)B] m[fG+(1-f)B]
o ac* 1 a 0 a‘L‘* 1
@ (b)
NI GDP{|
No No
contract §s contract §s
mR mR
0 ra 0
ass 1 ass 1
© (d)

Figure 16: Comparative analysis: « case under CRS

The f case is similar to the baseline, as in Figure 17. We first introduce three key values of f: At

f*=1- -, C%*=0,and A° = 0, we find that 0A/Of = 0,ONI /O f| e = ONI/Of] e At

a(G-B)’

f&s, firm’s expected profit in screening strategy F [wgg] = 0. At f§p, firm’s expected profit in
non-screening strategy £ [WJ{,C p] = 0. The upper row shows the cases that screening equilibrium

exists for some f € (0,1).* When f € (0, f<s), all investments go abroad, NI = mR, GDP = 0.

*Here, we only show the case that f$g > 0. E [ng] is an increasing function of f, so £ [ﬂgg] > 0 when f > féq.
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When f € [fSq, f¢), there is a screening equilibrium, and NI is a convex and increasing function of
f. When f € [f“, 1), there is a non-screening equilibrium, and NI is a linear and increasing function
of f. %" The lower row shows the cases that screening equilibrium does not exist for all f € (0, 1).

When [ € (0, f§p), there is no equilibrium. When f € [f§p, 1), there is a non-screening

equilibrium.
A No A No
NI contract SS NP GDP contract
mG ' [111CT pTTTTT T d
mR mR
0 : : : of 0 : | i
fs feot fis fooo
@ (b)
NI ¢ No GDP | No
contract contract
MG T mG| T 4
0 ‘ ——f 0 ; 1
fup 1 Fie
© (d)

Figure 17: Comparative analysis: f case under CRS

The R case is showed in Figure 18. Different from the baseline, the switching point between
screening and non-screening equilibria does not depend on 2. We introduce two key values of 1. At

$g, firm’s expected profit in screening strategy £ [ngfg] = 0. At R} p, firm’s expected profit in
non-screening strategy £ [W]’:,CP] = (. The upper row shows the case

G—1—1nfa(l- f)(G—B)] > fG+(1— f)B. When R € (B, R§g), there is a screening

When f&g < 0, the ”no contract” area disappears, but the key message is the same.

47 A main difference from the baseline is that in the CRS case, NI is differentiable at f¢* and there is no jump of GDP.
The intuition is that banks either invest all capital in the domestic market or invest all in foreign markets.
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equilibrium. When R € [R§g, G), all investments go abroad. The lower row shows the case

G—2L—Linja(l— f)(G—-B)] < fG+(1— f)B. When R € (B, R p), there is a non-screening

« «

equilibrium. When R € [R$ p, G), all investments go abroad.

NI GDP]
SS No contract SS No contract
mG ‘ mG e 3
0 »R 0 >R
B RS G B RS G
(@) (b)
NI GDP
NP No contract NP No contract
mG g mG e 3
m[fG+(1-f)B] m[fG+(1-f)B]
0 ! ! ! N 0 : ! ; N
B Rip G R B R§p G R
© (d

Figure 18: Comparative analysis: R case under CRS

The G case is showed in Figure 19. We first introduce three key values of G: At G, firm’s
expected profit in screening strategy E[wgcs] = 0. At G p, firm’s expected profit in non-screening
strategy E[rlp] = 0. At G, 0 = 0, and A® = 0, we find that
0A°/0G = 0,0N1/0G

Ger = 8NI/8G

Ger- In Figure 19, the upper row characterizes the case that
non-screening equilibrium exists for some G € (R, 00). The lower row characterizes the case that
non-screening equilibrium does not exist for all G € (R, c0). The CRS results are fairly different
from the baseline. When G is high, the equilibrium in the baseline tends to be a non-screening
equilibrium, while the equilibrium in the CRS case tends to be a screening equilibrium. Intuitively,
when good firms have a high level of production,that is, G is high, banks will lend to good firms as

much as possible. The baseline assumes a fixed-size loan contract: When G is high, banks would
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like to given money to as many good firms as possible, even at the expense of making mistakes of
lending to bad firms, thus, there is a non-screening equilibrium. The CRS case assumes that the
production technology is constant-return-to-scale: The aggregate loan amount in the market is the
same for screening and non-screening strategies. hence the loan size is endogenous, and the loan size
in screening strategy is bigger than in the non-screening strategy. G-type firms gets more money in

screening strategy than in non-screening strategy, hence there is a screening equilibrium.

NIt Ne ppf Mo
contract NP SS G contract NP SS

mR mR
°[ & Gyp G "G R Gyp G ~G
(a) ()
NI No GDP{ No
contract Ss contract Ss
mR mR
z ! .G : ; .G
& Gy & Gs
(©) (d)

Figure 19: Comparative analysis: GG case under CRS

The B case is showed in Figure 20, similar to the baseline. We first introduce three key values of
B: At B¢g, firm’s expected profit in screening strategy £ [wég] = 0. At BY p, firm’s expected profit
in non-screening strategy E[r1,] = 0. At B®*, 0 = 0, and A® = 0, we find that
0A°/OB = 0,0N1/0B|pe- = ONI/OB|pe+. The upper row characterizes the cases that screening
equilibrium exists for some B € [0, R). The lower row characterizes the cases that screening

equilibrium does not exist for all B € [0, R).
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No +  No
NI contract Ss NP GDP contract Ss NP
m[fG+(1-f)R] . . , m[fG+(1-f)R] . .
mR ¢ mR
0 H H H VB o H H H 'B
BSs B* R B B R
@ W)
No 3 No
NI contract NP GDP contract NP
m[fG+(1-f)R] . m[fG+(1-f)R]
mR mR
0 - - »>B 0 . ‘ B
Bip R Bfp R
© d

Figure 20: Comparative analysis: B case under CRS

C Policy Implications

In this subsection, we discuss the same policies as in Section V (credit easing, business subsidies,

and public loan guarantees), under the CRS settings. We show the effects in various R values.

1 Credit Easing

Denote R§g, satisfying (1 — 7)Rgg, = RSg, and Ry p, satistying (1 — 7)RY p, = R% p. Figure
21a shows the level of NI under all kinds of parameters range. The upper row shows the case that
R € (B, G), screening separating equilibrium exists in the baseline. The lower row shows the case
that for all R € (B, GG), screening separating equilibrium does not exist in the baseline. With credit
easing, all thresholds move rightward. Figure 21b shows the changes of GDP under the same setup
of parameter values as in Figure 21a. The shaded areas are the changes of aggregate values. As seen
from the figures, NI decreases for some values of R, while GDP increases for some values of R. The

intuition is the same as the baseline.
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NI NI
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contract
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(b) Ry, > G

SS e Credit easing
ss No — CRS
contract
: >R
B Ss G Rss.

@ Ryp, > G

Figure 21a: Changes in NI under credit easing (CRS case)

NP ««x Credit easing
No
NP contract — CRS
B Rip G Ryp.
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GDP] GDP]
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55 contract] *** Credit easing SS «== Credit easing
ss N — CRS ss No — CRS
contract contract
mG mG
m --------- ii ‘W -----------------
mIfG+(1-AB] mIfG+(1-AB] '
|
| |
: R ' R
B Rss R, G B ss G Rgs,
@) Rys, < G () Rys, > G
GDP GDP
NP co:‘:act i ««= Credit easing NP : ++x Credit easing
No No P
NP contract | CRS NP contract | cRs
mG : mG
MIGHIDB] | prerrrrrrrrrrrere;accs.s ULCTRE) ) R S—
......... >R : R
B Rip Rypr G B Riyp G Ryp.

(&) Rip, <G

() Ryp, 2 G

Figure 21b: Changes in GDP under credit easing (CRS case)

2 Business Subsidy

Denote R, that satisfies £ [Wf;CSS(RSSS)] = 0, and RS p, that satisfies £/ [WJ{,CPS(RNPS)] = 0.

Figure 22a shows the level of NI under all kinds of parameters range. The upper row shows the case

that 3R € (B, G), screening separating equilibrium exists. The lower row shows the case that for all

R € (B, G), screening separating equilibrium does not exist. With business subsidy, all thresholds

move rightward. Figure 22b shows the changes of GDP under the same setup of parameter values as

in Figure 22a. The shaded areas are the changes of aggregate values. As seen from the figures, NI

decreases for some values of R, while GDP increases for some values of K. The intuition is the same

as the baseline.
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Figure 22a: Changes in NI under business subsidy (CRS case)
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Figure 22b: Changes in GDP under business subsidy (CRS case)

3 Public Loan Guarantees

Figure 23a shows the level of NI under all kinds of parameters range. The left panel shows the

case that 3R € (B, (7), screening separating equilibrium exists in the baseline. The right panel

shows the case that for all R € (B, ), screening separating equilibrium does not exist in the

baseline. With public loan guarantees, there is always a non-screening, cheap information based

separating equilibrium. Figure 23b shows the changes of GDP under the same setup of parameter

values as in Figure 23a. The shaded areas are the changes of aggregate values. As seen from the

figures, NI decreases for some values of R, while GDP either increases or decreases for some values

of R. The intuition for the increase of GDP is the same as the baseline. *8

®When R € [B, RSg), GDP decreases after introducing the public loan guarantee, because both SS equilibrium
(baseline) and NS equilibrium (public loan guarantee case) invest all fundings into domestic market under CRS
assumption. In the NS equilibrium, the equilibrium screening cost is zero, and hence more loans are lent to unviable

firms.
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Figure 23a: Changes in NI under public loan guarantees (CRS case)
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Figure 23b: Changes in GDP under public loan guarantees (CRS case)
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