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Abstract

In this paper, we study the relationship between consumer screening, quality assurance and
seller financing. A seller sells an investment good to a continuum of buyers. The investment
good is bought either for cash or credit. Credit is provided by a competitive loan market or
by the seller itself. The quality of the investment good, which is privately known to the seller,
differs in the expected returns and thus credit buyers have different default probabilities. We
show that seller financing in the form of contractual payment terms can screen and price dis-
criminate between cash buyers and credit buyers. It can also signal the quality of an investment
good since a low- type good results in a higher default risk.

We characterize the separating equilibrium in which the low type seller offers a cash price
alone, while the high type seller offers a menu of payment terms. We analyze the how the
equilibrium depends on the quality difference between high type and low type good, and the
relative size of cash and credit market. We discuss how signaling limits the seller’s ability to
price discriminate. In addition, we also compare our results with those with signaling by a
money-back guarantee and show the conditions under which signaling by seller financing has a
lower signaling cost.
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1 Introduction

Seller financing or vendor financing is referred to as a form of financial intermediation performed by
the seller. In contrast to the pure financial intermediation provided by financial institutions such
as banks, seller financing is an important source of financing for the purchase of many intermediate
goods or investment goods. In many instances, seller financing is in a form of payment terms, which
often consists of a cash price and various deferred-payment options.

For example, trade credit is an important form of seller financing in which sellers offer contractual
payment terms with credit options to buyers. Seller financing also plays an important role in the
sale of many investment goods, such as machines or the sale of small business. In those cases, the
return of the good or the success of the business is uncertain at the time of purchase. Seller financing
can convey some information to buyers about the expected return on the goods or business.

There exists some empirical evidence supporting the role of seller financing as a signal of quality
assurance, especially for some goods whose quality can not be easily discovered. For example,
Tirtiroglu and Laband (2004) uses data from seller-financed second mortgages and shows the quality
assurance role played by seller financing.

A natural question regarding the role of seller financing is why a seller is willing to offer credits
to buyers, even though there exists a competitive loan market. Another question is why the rate
of seller financing is usually lower than the rate of loans borrowed from financial institutions, even
though the cost of funds is higher. We abstract from the traditional explanations that focus on the
financial advantages of seller financing or the use of seller financing as a price discrimination device.
Instead, we show that seller financing can be used as a signal of the quality of the good.

We consider a model in which a seller sells an investment good to a continuum of buyers. The
good lasts for two periods and the return of the good is uncertain at the time of sale and will be
revealed only in the second period. The seller has better information about the quality of the good.
Buyers differ in two different levels of budgets. Some of the buyers are liquidity-constrained with
zero budget, i.e., they don’t have sufficient budgets to pay at the time of purchase. Seller financing
can be used as a signal because a low quality good is more likely to yield a lower return. Since the
return on the investment good itself is the only collateral that buyers can pledge for their loans,
the lender may bear the default risk when the realized return on the good is low.

We first consider a basic model, in which the return of the good is a constant for all buyers.
In this case, the demand for the good is not elastic to prices. Thus, signaling by price alone is
not costly to the low-type seller and consequently no equilibrium exists. On the contrary, if the
high-type seller offers a menu of payment terms that consists of a cash price and credit price, it is
more costly for the low-type seller to masquerade as the high-type one. The reason is that the low
quality good is more likely to be defective and therefore this causes a loss to lenders since the good is
the only collateral. We characterize the separating equilibrium in which the low quality seller offers
a cash price alone, but the high quality seller offers a menu of payment terms. By adopting this
strategy, the high-type seller can make it less attractive for the low-type seller to masquerade as the
high quality one. By employing the refinement criterion of “intuitive criterion” by Cho and Kreps
(1987), we can characterize the least cost separating equilibrium, i.e., the most efficient equilibrium

to the high-type seller that yields the least profit reduction.



The benchmark model can then be extended to a more general one with heterogenous buyers.
In this case, the return of the good varies across buyers. As long as the high-type good has a
higher production cost, signaling by cash price alone is possible since the consequent loss of sales
volume is less damaging to the seller with higher quality and higher cost. However, if the seller can
offer financing to liquidity-constrained buyers, signaling by payment terms is more efficient to the
high-type seller as long as the cost of funds or the cost difference is not large. The reason is that
by doing so the seller can coordinate pricing and financing strategy more effectively and thus make
a higher profit.

We also compare our results with other signals of product quality such as warranty and money-
back guarantee. When the seller uses a warranty or money-back guarantee as a signal of product
quality, it raises the reservation price of all buyers but also bears a higher risk if the good turns
out to be defective. On the other hand, the seller can use payment terms as a signal and separates
the buyers into two groups: cash buyers and credit buyers. In this situation, the seller charges a
lower cash price but bears the default risk form credit buyers only. Under some conditions when
the seller has a lower cost of funds or the good has a higher probability of being defective, signaling
by seller financing might outperform signaling by a warranty or money-back guarantee.

1.1 Related Literature

There are many theoretical explanations for seller financing, even though the cost of funds is higher
for the seller or the loan market is perfectly competitive. This issue was first discussed in the
literature on trade credit, which refers to a common form of financing in the intermediate goods
market that allows buyers a variety of payment terms with credit options. The traditional theory
focuses on the financing advantages of trade credit. For example, the seller might have an advantage
of providing financing in either investigating the credit worthiness of buyers or monitoring the
repayments of credits!.

Smith (1987) and Lee and Stowe (1993) both consider trade credit in relation to information
asymmetry. In Smith (1987) buyer’s default risk is privately known and the seller uses payment
options? as a screening device to identify the buyers. On the contrary, in Lee and Stowe (1993) the
seller uses the size of cash discounts as a signaling device of good quality. Our paper is close to
Lee and Stowe (1993) in the sense that seller financing is used as a signaling device. However, our
paper differs from theirs in two aspects. First, the seller in Lee and Stowe (1993) is a price taker
and their payment options consist of only the size of cash discounts. In our model, we consider
a menu of payment terms as a signaling device, which consists of a cash price and a credit price.
Second, a major driving force of the outcome in Lee and Stowe (1993) is the risk-sharing motives
of buyers. However, we consider risk neutral buyers with liquidity constraints and with access to a
competitive loan market.

Brennan, Miksimovic, and Zechner (1988) first investigated the role of seller financing in the

presence of a perfectly competitive loan market. They ask why the financing offered by sellers is

IPetersen and Rajan (1997) further discusses three different sources of cost advantage: advantage in information
acquisition, advantage in controlling the buyer, and advantage in salvaging values from existing assets.
2The payment options consist of a credit price and a cash price with some discounts.



usually below the market interest rates, even though sellers have a higher cost of funds. They study
seller financing for an investment good and buyers have different default probabilities when they
borrow to buy such a good. They show that adverse selection in the credit market leaves room for
seller financing to price discriminate between cash and credit buyers. Sen (1998) considers a different
model in which a seller sells a durable good and buyers differ in income profiles. He demonstrates
that a monopolist seller can find it optimal to offer a menu of deferred payment plans to screen
buyers with different income profiles. In contrast to Brennan, Miksimovic, and Zechner (1988),
Sen (1998) establishes the role of seller financing without resort to any default-related reasons®. In
those two papers, a seller uses payment terms as a device to screen buyers, while we consider that
the seller uses payment terms to signal the unobservable quality of the good.

Our paper is related to the literature on signaling unobservable quality*. There are mainly two
branches in this line of research. The first one considers the signals that are default-independent,
such as advertising. Advertising together with price is used as an effective signal of good quality.
Following the seminal paper of Nelson (1974), Milgrom and Roberts (1986) shows that uninformative
advertising can be used as a signal of good quality, since only the high quality good can generate
repeat purchases. Linnemer (2002) considers the case in which some buyers are informed. He shows
that a combination of price and advertising is a more efficient signal even if there is no repeat
purchase.

The second line of research focuses on the default-dependent variables, such as warranties and
money-back guarantees (see, e.g., Moorthy and Srinivasan (1995) and Balachander (2001)). The
default-dependent signals are more costly to the low-type seller since a low quality good is more
likely to be defective and therefore more costly to the seller when offering longer warranties or
money-back guarantees.

In our model, the lender bears the liability when the good turns out to be defective. Our paper
is related to the literature on warranties or money-back guarantees as signals in the sense that
signals are all default-dependent. However, in our model the seller uses both a cash price and a
credit price as signals, not just only the length of warranties as a signal.

The rest of the paper is organized as follows. In Section 2 we present a basic model with
homogenous buyers and state the game and the equilibrium concept in our model. In Section 3, we
characterize the separating equilibrium and show respectively the conditions for the existence of the
first best and least cost separating equilibrium. In Section 4, we extend the basic model to a more
general one with heterogenous buyers and then characterize the equilibrium when the seller signals
by price alone and by offering a payment plan. In Section 5, we discuss the pooling equilibrium
and compare our results with signaling by warranty or money-back guarantee. Our main results
and conclusions are summarized in section 6.

3The analysis in Sen (1998) relies on the assumption of imperfect financial markets. However, the main point
in Brennan, Miksimovic, and Zechner (1988) is to show that seller can offer financing to price discriminate among
consumers even when the financial market is perfectly competitive.

4For a comprehensive review of the literature on signaling product quality, see Kirmani and Rao (2000).



2 Basic Model

An Investment Good Market

A monopoly seller sells an investment good to a continuum of buyers and each buyer has a unit
demand for the good. The quality of this investment good is privately known to the seller. For
simplicity, we assume that the quality of the good is either low or high: ¢ € {l,h}. We assume
that an investment good of quality g lasts for one period and yields a return of v, if it is working.
On the contrary, the good yields a return of zero if it is defective. The probability that a good of
quality ¢ turns out to be defective is denoted by «,. We say an investment good is of high quality
if it yields a higher return when working and has a lower probability of being defective, i.e. v, > v
and ayp, < . The production cost for a unit good of quality ¢ is denoted by c,. We assume that

¢q is a constant and ¢, =c> ¢ =0.

Buyer

There are two kinds of buyers with different budgets at the time of purchase. We say a buyer is
rich if he has a sufficient budget to pay for the good. On the contrary, we say a buyer is poor if he
has zero budget. A poor buyer has to be financed if he decides to buy. The fraction of rich buyers

is denoted by 8 and is commonly known.

Financing Arrangement

There is a competitive loan market in which buyers can borrow from financial institutions to
finance the purchase of the investment good. The cost of funds to each financial institution is
normalized to zero. Financial institutions offer a loan schedule r¢(L) to buyers, where r¢(L) is the
loan rate at a loan size L. In other words, if a buyer borrows L from a financial institution, he has
to repay L(1 +7,(L)) in the next period.

The seller is also allowed to provide financing to buyers by offering a menu of payment terms,
which consists of a cash price p; and a credit price ps. A buyer can choose to pay a cash price p;
at the time of purchase or to pay a credit price py after the sale is made and the return of the good
is revealed. In contrast to a financial institution with a zero cost of funds, we assume that the cost
of funds to the seller r, is strictly positive.

Following the specification in Brennan, Miksimovic, and Zechner (1988), we assume that the
only collateral that buyers can pledge for their loans is the return on the investment good itself.
That is, the lender faces the default risk if the good turns out to be defective and yields a return

of zero.

Information Structure
We assume that the seller has private information about the quality of the good. Buyers and
financial institutions can’t observe the quality of the good. All other things are assumed to be

commonly known among the seller, buyers and financial institutions.



2.1 The Game and Equilibrium Concept

The model stated above can be expressed as a sequential game of incomplete information as the

following:

e Stage 0: Financial institutions offer a loan schedule r¢(L) to buyers.

e Stage 1: Nature selects seller’s type ¢ € {h,l}, and the seller decides to offer a cash price
alone or a menu of payment terms (p,p3) to buyers, where p{, pd denote the cash price and

credit price respectively.

e Stage 2: Buyers observe the prices offered by the seller and the loan schedule offered by
financial institutions. The buyers with liquidity-constraints decide whether to borrow from a
financial institution or to pay the credit price (if it is offered by the seller) or not to buy. On
the other hand, rich buyers have all the options that poor buyers have and also can choose to

pay the cash price at stage 1.

e Stage 3: The return of the good is realized and becomes commonly known.

Equilibrium Concept
The game in our model is a sequential game of incomplete information, and we employ the Perfect
Bayesian Equilibrium (PBE) concept to characterize the equilibrium of this game. This equilibrium
concept requires that each player in the game is sequentially rational, i.e. the strategies of the seller
and buyers must be optimal given the buyer’s posterior beliefs. In addition, the buyer’s posterior
beliefs must be consistent with the seller’s strategy and follow from Bayes’ rule whenever possible.
Let p? = {p{,pl} be the pricing strategy of the seller of quality ¢, and u(.|p) € [0, 1] be a buyer’s
posterior belief that the good is of quality h. Let m(q, i, p) denote the profit function of the seller
of quality ¢, under the buyers’ belief p and the pricing strategy p. We restrict our attention to the
PBE, which is expressed as {p?, u(.|p)} satisfying the following conditions:

e Sequential rationality:

p* = argmax(g, pu(-|p), p)
e Beliefs are determined by Bayes’ rule and players’ equilibrium strategies whenever possible.

e Buyers’ off-the-equilibrium beliefs should satisfy the “intuitive criterion” (Cho and Kreps
(1987)).

3 Analysis

In our model, we assume that there exists a competitive loan market in which financial institutions
offer a loan schedule to buyers to finance the purchase of an investment good. By observing this
loan schedule, the seller then decides its pricing strategy. In this section, we first analyze the

competitive loan rate in a loan market. Given this loan rate, we further characterize the Perfect



Bayesian Equilibrium in a signaling game in which the seller uses payment terms as a signal of the
quality of the good.
In the subsequent analysis, we restrict our attention to the separating equilibria. Pooling equi-

libria will be discussed in Section 5.

3.1 A Competitive Loan Rate

We first define some notations. Let r;(L) be the loan schedule offered by a financial institution,
where r(L) specifies the loan rate at a loan size L. Let ¢ be the expected probability of financing
to a high quality investment good and let m¢(L) be the expected profit of a financial institution f
when the loan size is L.

Note that if financial institutions anticipate that there exists a separating equilibrium in the
investment good market, i.e. buyers can distinguish the quality of the good, then buyers never
default as long as the good is working®. Therefore, the expected profit of a financial institution can

be expressed as the following:
mr(L) =1 —on) + (1 =9) (1 =)L (1+7rp(L) - L (1)

Note that the first term ¥ (1 — «) is the probability that a financial institution finances to a high
quality good which yields a return of vj,. Similarly, the second term (1 — ¢) (1—qy) is the probability
of financing to a low quality good that yields a return of v;. When a good of quality ¢ yields a
return of vy, a buyer who borrows L would repay L(1 + r¢(L)) in the next period. Following the
specification in Brennan, Miksimovic, and Zechner (1988), we assume that the only collateral that
buyers can pledge for their loans is the return on the investment good itself. Thus, if the good turns
out to be defective, the expected payment to a lender is zero.

A competitive loan market assumption implies that the expected payoff of a financial institution
should be zero at the equilibrium. Consequently, we have the equilibrium loan rate r¢(L) in the

competitive loan market as shown in the following lemma.

Lemma 1. If buyers can distinguish the quality of the good, a financial institution offers a fized
rate loan schedule vy to buyers, where vy is

- (1 =) a; +Yay
! 11—+ 9Ylag — ap)

(2)
The loan rate vy is decreasing in 1), increasing in oy, o and independent of the loan size L.

Proof. See Appendix. O

In our model, the interest rate is a measure of default risk to a financial institution since the
good might turn out to be defective. Financial institutions do not observe the quality of the good,
so the expected default risk is decreasing in the expected probability of financing to a good of high
quality 1. On the other hand, it is increasing in the probability of being defective for each type of
the good, ay, and «;. Especially, by (2) we can see that if the good is of high quality h for sure, i.e.

5If a buyer can not distinguish the seller’s type, then the buyer might default if the good yields a return of v;.



1 =1, then ry = 1f‘gh. If the good is of low quality [ for sure, i.e. ¢ =0, then ry = %5 To put
it more precisely, we have the following:
Qp Qay
< < f 0<y<l1 3
T ar rf*lfozl’ or any 0 < ¢ < (3)

3.2 Good Market

In the good market, the seller sells an investment good to a continuum of buyers. Some of the
buyers are liquidity-constrained and have to seek financing from either a financial institution or the
seller. In this subsection, we first characterize the equilibrium when the good quality is commonly

known to buyers.

Buyer’s Problem
Let r}é denote the fixed loan rate offered by the financial institutions. For a buyer who purchases

an investment good of quality ¢ at a cash price p, the expected payoff of the buyer is

(1 —ag)vg —p (4)

where g € {l,h}. Thus, the reservation price® for the good ¢ is (1 — ay)v,.
For a buyer who purchases a good of quality ¢ at a cash price p and obtains financing from a

financial institution, the expected payoff is

(1= aq)(vg = p(1+7%)) ()

Therefore, the reservation price for a good of quality ¢ is %
7
Similarly, for a buyer who buys a good of quality ¢ at a credit price p and obtains financing

from the seller, the expected payoff is

(1= ag)(vg = p) (6)

Thus, the reservation price is v,.
Let RY denote the buyer’s reservation price for a good of quality ¢ when he chooses to pay a
cash price and let R} denote the reservation price for a buyer when he obtains financing from a

financial institution. That is, we have

R,
Ry =

(1 —ag)g
Vq

1+r;§

When the type [ seller charges a cash price p alone, a poor buyer will choose to buy and borrow
from a financial institution if p < R{. For a rich buyer, the expected payoff if he pays a cash price
p at the time ¢t = 1 is (1 — oy)v; — p. If he borrows from a financial institution and repay at the
time ¢ = 2, his expected payoff is (1 — ay)(v; — p(1 +7%)). It is straightforward to verify that both
rich and poor buyers will borrow from a financial institution and repay at ¢t = 2 if p < R].

6The reservation price is the price p that makes expected payoff equal to zero.



When the type h seller offers financing, i.e. the seller offers both a cash price p; and a credit
price po, a rich buyer can choose to pay a cash price at the time t = 1 or a credit price at t = 2.
By (4) and (6), we can see that a rich buyer will choose to pay a cash price py, if and only if

(1 —an)vn —p1 > (1 — an)(vn — p2)

which translates to p; < (1 —ay)p2”. For a poor buyer, he will choose to pay a credit price, instead
of paying a cash price and obtaining financing from a financial institution, if po < (1 4+ r})pl.
Therefore, when the type h seller offers a menu of payment terms (pq, p2) such that

b1
1—ap

p1 <p2 <pi(l+7})

then rich buyers will choose to pay a cash price at the time ¢ = 1, while poor buyers will choose to

pay a credit price at t = 2.

3.3 Characterization of the Separating Equilibrium

We now consider the case when the quality of the good is privately known to the seller. We
characterize the separating equilibrium in which the type h seller can separates itself from the type
l one by adopting a menu of payment terms. Note that in any separating equilibrium, the type [
seller is revealed, so the pricing strategy of the type [ seller is the same as the one under complete
information. Consequently, the type [ seller offers a cash price alone in any separating equilibrium.
That is, the type [ seller offers a cash price p} = (1 — a)v;.

A necessary condition for the existence of a separating equilibrium is that the low-type seller
should not want to masquerade as the high-type one and the high-type seller should not want to
deviate when any move would engender the worst beliefs about his type. Let m(q,u,p) denote
the profit function of the seller of quality ¢ under the buyers’ belief ;1 and the pricing strategy p.
Also, let p" = (p?, ph) be the pricing strategy of the type h seller in a separating equilibrium. The

necessary and sufficient conditions to ensure a separating equilibrium are as follows:
7(1,1,p") < maxn(l,0,p) (1)
P
max {7 (h,0,p)} < w(h,1,p") 8)
P

Note that inequality (7) refers to that the type [ seller has no incentive to mimic the pricing strategy
of the type h seller and (8) indicates that the profit of the high-type seller has to be higher than
the maximum profit reachable under the worst beliefs, i.e. the type h seller would rather choose p”
and be perceived than masquerade as the type [ and optimize accordingly.

We consider that the seller uses a menu of payments (p?,p) to signal its quality, in which the

rich buyers take the cash price and poor buyers take the credit price. We have

l—ah
h,1,p") = - h
m(h,1,p") Bpy + ( B)1+rspz
].—Oél
I,1,p") = hya-— h
W(7 7p) 5p1+( B)l—‘rTSpQ

T Assuming that pp is less than his reservation price (1 — ag)vg.



py=1+r)p
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Figure 1: Separating Equilibrium with Homogenous Buyers

By (7) and (8), we can characterize the separating equilibria as the following.

Proposition 1. Let (p},ph) be a menu of payment terms offered by the type h seller. In any

separating equilibrium, (p%,ph) must satisfy the following condition.

]._ah h
1—}—7‘5‘792

B+ (1= )T tph < (L= anur < Gt + (1= ) )

Note that in any separating equilibrium, the type [ seller charges a cash price and obtains a

profit (1 — ay)v;. If the following inequality holds

51— aon + (1= f) T

then it is never beneficial for the type [ seller to masquerade as the type h one. The unique

v < (1 — al)vl (10)

separating equilibrium is the first best equilibrium and each type of seller acts as if the good quality

is commonly known. We summarize this result in the following proposition.

Proposition 2. First best separating equilibrium
If (10) holds, there erists a unique first best separating equilibrium. The strategies used are as the

following: p' = (1 — eq)vy and (pt,ph) = ((1 — an)vn,vp).

In contrast to the first best equilibrium, a more interesting case is to characterize the least cost
separating equilibrium when the first best equilibrium is not feasible, i.e. when (10) does not hold.
The least cost separating equilibrium, i.e., the separating equilibrium that satisfies the “intuitive

criterion” and yields the least profit reduction to the type h seller, is the solution to the following

10



optimization problem [MP1]:

1—ayp
MP1 1-—
[ ]g}%{j Bp1 + ( 5)1+r

D2 (11)

1—o Uy
t. 1— < 12
st. Bp1 + ( ﬂ)1+rsp2_1+r; (12)
p2 <pi(1+75) (13)

P1

< 14
1—ap — p2 ( )
p2 < op, p1 < (1 —ap)vp (15)

Note that (12) is the no mimicry condition for the type [ seller and (13) ensures that the menu
of payment terms is effective. If (13) does not hold, we have seen that signaling by cash price alone
does not work.

Note that in the least cost separating equilibrium, the no mimicry condition for the type [ seller
(12) must bind. The type h seller should charge an effective credit price as high as possible. That

is, p» = 7. Therefore, as shown in Figure 1, the least cost separating equilibrium occurs when
——

both (12) and (13) bind. We summarize this result in the following proposition.

Proposition 3. If (10) doesn’t hold, the least cost separating equilibrium exists in the homogenous
buyers model.

oy
1—a;

e In equilibrium, the financial institutions offer a fized rate loan schedule r} =
e The type | seller offers a cash price p' = (1 — ay)v; only.
o The type h seller offers a menu of payment terms p" = (p}, p%), where

b = max vl +rs) (1= o) v
by = { (g —ap)+ (1 —a)(1+7rs8)° h}
p}f = (1 - al)pg

e The buyer’s beliefs on the equilibrium path are as the following: u(p") = 1, u(p') = 0. In
addition, u is sufficiently small for any other off-the-equilibrium beliefs.

Comparative Statics
By examining the pricing strategy of the type & seller at the least cost separating equilibrium,
we have the following results:

% Y (1+rs)(1fcu)2+rs(al—1)

a8 [(—rs + ars)B — L+ )2 <0 (16)
ot _ w(l-a) (-a)d=P) ., (17)
8TS (_67"5 + 60[17"3 — 1+ al)2 -

11



In the least cost separating equilibrium, the cash price charged by the type h seller p? is increas-
ing in the cost of funds 7, and decreasing in the fraction of rich buyers 3. Note that p = p?(1 —|—7“;?)
in equilibrium, so the comparative results also hold for the credit price p}.

If 5 is higher, ceteris paribus, it is more profitable for a low quality seller to mimic the pricing
strategies of the high quality one. Therefore, in order to make a separating equilibrium possible,
the high-type seller has to reduce the cash price. On the other hand, higher cost of funds r; makes
mimicking more costly to the low type, so the high-type seller can charge a higher price.

4 Heterogenous Buyers

In this section, we extend the basic model to a more general one with heterogenous buyers. We
assume that the return of the investment good varies across buyers. For a buyer ¢, an investment
good of quality ¢ yields a return of 8;v, if the good is working, where ¢ € {l, h} and 6, has a uniform
distribution with a support [0, 1]. This parameter 6; is known to the buyer ¢ and can’t be observed
by the seller. Similar to the specification in the homogenous case, the return of the investment good
is normalized to zero if the good is defective.

Let R be buyer’s reservation price for a good of quality ¢, and D(p, R?) be the demand function

under a given market price p and RY. Then, the demand function can be expressed as the following:
D(p,R?) = Pr(0:R* > p)

p
- a-2

Recall that we have defined the reservation prices R? as follows:

Rl = (1—-ag)yg

v,
Rq — q
b L+75

where RY is the reservation price for a buyer when he pays a cash price, and R] is the reservation
price when a buyer obtains financing from a financial institution. Note also that 7% is the equilibrium
loan rate in the financial market.

In the model with homogenous buyers, it is straightforward to see that signaling by price alone
is not costly and consequently no separating equilibrium exists. We have also shown that seller
financing plays a role as a signal of good quality since it is more costly for the low-type seller to
provide financing to buyers. Therefore, the type [ seller would rather offer a cash price alone than
provide financing to buyers. In that case, the liquidity-constrained buyers will obtain financing
from financial institutions.

In contrast to the previous analysis, when the return of the good varies across buyers and as
a result the demand is elastic, signaling by cash price alone is possible. Essentially, the ability of
a high price to facilitate signaling depends on the cost difference between the high and low-type
seller®. Henceforth, in the following analysis we consider a case in which ¢, = ¢ > ¢, = 0, and

assume that ¢ < R. to ensure each type of seller earns a strictly positive profit.

8See Bagwell and Riordan (1991) and Linnemer (2002).
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4.1 Signaling by Cash Price alone

In this subsection, we first consider a situation in which the seller can not offer financing. We
investigate the conditions under which signaling by price alone is possible and then we characterize
the separating equilibrium within this framework.

When the seller uses cash price alone as a signal, both high quality and low quality seller can
cause the buyers to go to the credit market, which implies that in equilibrium ¢ = A. Thus, we
% and R} = [1 — oy + Moy — ap)]vg.

Recall that 7(g, i, p) denote the profit function of the seller of quality ¢ under the beliefs p,

have ry =

where p € [0,1] is the buyer’s beliefs that the seller is of high quality. From the analysis in the
previous section with homogenous buyers, we have shown that in the separating equilibrium the
type [ seller will offer a cash price only. Thus, the profit function of the type [ seller =(l,0,p) can

be written as the following;:

_ P : < 1
p(]. Ré) ’ lfp = Rb
0 , otherwise

w(1,0,p) = {

Recall that R, = [1 — oy + Ay — ap)]v; is a buyer’s reservation price for the good [ if he borrows
from a financial institution. Since the profit function stated above is strictly concave, we have the

optimal price p; and profit m; as the following;:
. 1
b = ) Ré
1
For the type h seller, under the beliefs that it is of high quality, the profit function is

B(L— )+ (1 =B)1 - F)llp—c) ,ifp< Ry

h
b

m(h,1,p) =9 B = F)p—c) ,if R} <p < Rl
0 , otherwise

Let p}, denote the optimal cash price of the high-type seller, i.e. p; = max, w(h,1,p). By a simple
calculation, we can see that
. {1 (1= B)e+ Ry)RE + BeRp 1

PrS 2T T —BR+BRE 2

(R" +c)}

Characterization of the Separating Equilibrium
Suppose that there exists a separating equilibrium in which the type h seller offers a cash price
ph < R{j. The condition to ensure that the type [ seller must not gain by charging p” is

m(l,1,p") < ¥

l

which implies the following:



Inequality (18) holds if and only if p" ¢ (p,p"), where p" and p" are defined as follows:

. LRIR)+\/RURLIRL(RL — R} + BRY(RE - R})]

2 (1 — B)R! + 3R}
. 1RURL—\/RERLRL(R] - R)) + BRY(R: - R}))
E7 (1 B)RL + G}

In addition, the condition to ensure that a type h seller does not want to move from p" when

any move would engender the worst beliefs about his type is as follows:
7(h,1,p") > maxx(h,0,p)
P

which also implies

h h ! 2
p p h 1 (R, —c¢)
-2 yra-pa-LZyyeph-o>-= 1
801~ ) + (1 =31 = Fple" — o) 2 (19)
By examining (19), we can further show that (19) holds if and only if p falls in an interval [p®,  p"_ ],
where
1 1 1
h h ph h h h /AR
ax = = Ry R R, —BR R —VAB 20
Prmax 2(1_5)R3+6Rl]}{[ b b+c( a ﬁ a+6 b)]+Ré } ( )
1 1 1
h h ph h h h
o= = Ry R R — BR, Ry)] — =VAB 21
Prin 2(1_B)RZ+6RZ{[ b b+c( a ﬁ a+6 b)] Ré } ( )

and the constants A and B are defined as

A = Ry(RIR} — RIR,+ BRIR, — BRyR;) >0
B = BA(R'— RN+ RYRIR, —*) >0

A necessary condition for the existence of the separating equilibrium is p?,,. > p". Otherwise, if
P < pl.., then no price p can satisfy both (18) and (19) and therefore no separating equilibrium
exists. By examining p" and p"_, we can further verify that p/ . > p" for any ¢ > 0. Therefore,
we can conclude that for any ¢ > 0, a separating equilibrium in which " < p" < pl. . always exists.

If p; > 7", then the first best equilibrium exists and we have p" = p;. On the contrary, if p; <
P then any p" € [p", pt . ] constitutes an equilibrium. We employ the usual “intuitive criterion” to
restrict our attention to the least cost separating equilibrium, i.e. the separating equilibrium that
yields the least profit reduction for the type h seller. In this case, p! = %Ré and p" = " forms a least
cost separating equilibrium. Thus, we can conclude that p' = %Ré and p" = maX{;T)h , Dy}, together
with the appropriately specified off-the-equilibrium beliefs, form a unique separating equilibrium

that satisfies the intuitive criterion. We summarize our results in the following proposition.

Proposition 4. In the model with heterogenous buyers, if ¢ > 0 there exists a unique separating

equilibrium, in which the seller signals good quality with a cash price alone.

14



(17)\) a;+Aap

o In equilibrium, the financial institutions offer a fized rate loan schedule Ty = Toar A (a— o)

o The pricing strategies of the seller are: p' = %[1 — a4+ May — ap)]v and p" = max{p", p; },
1 (1=B)e+Ry) Ry +BeRy)

_n 1 BRFR}++/RER}[RM(R}—RL)+BRL(RE—R!)] .
where P = 5 bty }21_6)1%%""/83%2 b L= and pj, = 5 (=3 +AR]
=1, ifp=max{p",p;}
o The buyer’s beliefs are: pu(p){ =0 Lifp=p orpe (ph,p")
€1[0,1] , otherwise
Proof. See Appendix. O

Proposition 4 shows that a unique separating equilibrium always exists as long as ¢, the produc-
tion cost of the type seller, is strictly positive. When ¢ > 0, the loss of sale volume is less damaging
to the high cost, high quality seller. Therefore, in the model with heterogenous buyers, signaling
by price alone is feasible.

For the off-the-equilibrium beliefs, 1 (p) has to be sufficiently small for p € (Bh,ﬁh). Otherwise,
the type h seller has incentives to deviate to some p € (th)h). If ¢ = 0, we can see that the
profit of the high-type seller from signaling is exactly the same as its profit reachable when it is
perceived as the low-type one, i.e. w(h,1,p") = max, 7(h,0,p). In this case, the high-type seller

has no incentives to separate itself from the low-type one and it may prefer a pooling equilibrium.

4.2 Signaling by Seller Financing

In this section, we consider a case in which the seller is allowed to provide financing to buyers. The
seller provides financing to buyers by offering a menu of payment terms such that buyers are divided

into two groups: cash buyers and credit buyers. Namely, we consider the case in which the seller

1

offers a menu of payment terms p* = (p}f,pg) such that o

Py < pi < pi(1477), so rich buyers

take the cash price and poor buyers take the credit price. If p§ > pf(1 + 7';), a poor buyer would

rather borrow from a financial institution than pay a credit price p§. Similarly, if 1_1% ph > ph a

rich buyer will choose to pay a credit price p}.
The profit function of the type h seller when it is recognized, denoted by 7 (h, 1, p%), is expressed
as follows:

h h —a
(L) = 500~ Eo = o+ (1) |- EO [T - )

In addition, p} and p% must meet the following conditions: ph < vj, and p? < (1 — ap)v,. Note

h
that the first term (1 — 2%)(pf — ¢) in (22) is the seller’s profit obtained from rich buyers under a

h
cash price pf and (1 — ’;—i) [(11:_?: ) ph — c] is the seller’s profit obtained from poor buyers under a
credit price p and the cost of funds ;.

Since the profit function of the type h seller is concave, we can obtain a unique optimal price

pi ;, and p3 , as shown below:

N 1
pLh = 5 (RZ+C)
. 1 (I+7s)e
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We have already shown that when the good quality is known, the type [ seller’s optimal strategy
is to offer a cash price py; = %Ré. In any separating equilibrium, a type [ seller adopts the same
pricing strategy as the one under complete information, i.e. the type [ seller offers a cash price
P, = %Ré which yields a profit 77, = iRé. We say that (p?, p&) forms a separating equilibrium if

the following no mimicry condition holds:

(1, 1,p") < max (1,0, p) (23)
which also implies
pl P}QL (1-—a) p Lo
s1- Bt + -9 |- 2000 < i (24)

Similar to the analysis in the model with homogenous buyers, inequality (24) says that the type
[ seller must not gain by mimicking the payment terms offered by the type h seller.
Note that the objective function of the high-type seller (22) is maximized at pj , = 3(RI + )

and p3 ;, = (vh + (1+7 )C) . Thus, the first best separating equilibrium exists if

Pin. . Pop (1—ap)
RE i+ (1= 5) [(1 T )mm,h

Suppose that (25) does not hold, then we will need to further characterize the least cost sep-

(1 - } < 1B (25)

arating equilibrium. In the least cost separating equilibrium, the menu of payment terms (p?,ph)
offered by the type h seller can be expressed as the solution to the following maximization problem
[MP2]:

h h N

MP2] max A1~ B0k —0) + (19 [0 - EOI T2t — o (26)
Pt ps (L)

st B(1- ot + - 9) [0 - EH 00k < Tn (21)

ps <pi(L+7}) (28)

B (29)

1—ap
where (27) is the no mimicry condition for the type I seller, and (28), (29) are the conditions to
ensure that the menu of payment terms is effective’.

By examining the no mimicry condition (27), we can see the that 7 (I, 1,p"), the profit of the
type [ seller when mistaken as the type h one, is maximized at p? = %Rg and ph = %vh. For the
least cost separating equilibrium, if (25) does not hold, then the least cost separating equilibrium
must occur when the no mimicry condition (27) binds.

To further characterize the least cost separating equilibrium, we need to investigate the proper-

ties of iso-profit curves of w(h,1,p) and 7(l, 1, p). Let & ~n denote the slope of the iso-profit curve

d h
of the profit function 7 (h,1,p), and we have

d 1+7r) (2p, — Rh —
ﬂ|ﬂh — ; ﬁ'[}h( T ) ( pl C) S O (30)
dp1 Rl (1= B) (¢ = 2py + vn + 20py — cpvp)

9(28) and (29) ensure that poor buyers will take the credit price and rich buyers will take the cash price.
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Figure 2: Separating Equilibrium with Heterogenous Buyers

for any (py,py) such that p; > Py and py > p3 4.
In addition, let %Hz be the slope of the iso-profit curve of 7(l, 1, p), we have

dpy Boa(ltr)(@p - R
dp ™ = R o - D (- 5) e o) = (51

for any (p;,p,) such that p; > 1R" and p, > Jv,. By comparing (30) and (31), we can identify

the candidate solutions to the optimization problem [MP2] and then characterize the least cost

separating equilibrium. We summarize our results in the following proposition.

Proposition 5. A candidate least cost separating equilibrium exists in the model with heterogenous
buyers, where

Q.

o In equilibrium, the financial institutions offer a fized rate loan schedule T = oo

e the type | seller offers a cash price p} = %(1 — ap)v; alone.

o The type h sellers offers a menu of payment terms (p?,p?), where (p}f,pi‘) is the solution to
the optimization problem [MP2].

o The solutions to [MP2] are either (27),(28) or (27),(29)bind.

Proof. See Appendix. O

4.3 Existence of the Separating Equilibrium

Recall that a separating equilibrium exists only if the type h seller does not want to move from
the equilibrium strategy when any move would engender the worst beliefs about his type. In other
words, (p’f’, p’f) must meet the following inequality:

17



h
p Pz (1 — o)
maxn(h0,p) < 51~ 2L~ o)+ (1= ) [ (1= P (T2 -
When the high-type seller is mistaken as the low-type one, the maximum profit reachable by

offering a cash price is as follows:

1 (Réfc)Q if ¢ < Rl
max7(h,0,p;) =4 * B He=M (32)
P1 , otherwise
Similarly, the maximum profit reachable by offering a credit price can be expressed as
1 [w(d—an)—(1+rs)c]? ; v (1—op)
max(h,0,ps) = 4 1 wl-antir) €S Ta (33)
P2 0 , otherwise

In addition, in the previous section we have shown that price alone can be used as a signal of
the quality of the good when the return of the good varies across buyers and the cost difference is
strictly positive. Thus, the high-type seller uses seller financing as a signal of good quality only if by
doing so the seller’s equilibrium profit is greater than using price alone as a signal. By Proposition
4, the equilibrium profit of the high-type seller 7(h, 1,p") can be expressed as the following:

h h
wlhsLpt) = 81 = ) + (1= B)(1 = Zl" — o) (34)
where p" = max{p", p} }.

Therefore, we can conclude that the sufficient conditions for the existence of the least cost
separating equilibrium of signaling by seller financing is that the equilibrium profit of the high-type
seller must be greater than the profit in (32), (33) and (34). In the subsequent analysis we consider
two cases with zero cost difference and positive cost difference.

4.3.1 Zero Cost Difference

We have shown that if the cost difference between the high-type and low-type seller is zero, i.e.,
cnp, = ¢; = 0, then there is no separating equilibrium in which the seller uses price alone as a signal
of the quality of the good. This is because with the same cost, a higher price is not costly to the
low-type seller to masquerade as the high-type one. Therefore, no separating equilibrium exists
when price alone is used as a signal of the quality of the good. By (32) and (33), the sufficient
condition for the existence of the separating equilibrium can be reduced to

1-— 1-— May —
w(h,l,p?,p§>zmax{< an)or [L = ar + Aoy ah)]vz}

4(1+7rs) 4
In the following proposition we show that there always exists a least cost separating equilibrium
if ¢ =0 and r; is sufficiently large.

Proposition 6. If c=0 and rs > [ (i=an)(1=A) _ 4pope always exists a separating equilibrium in

1—a;+A(a;— an)]
which

18
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Figure 3: Existence of Separating equilibrium with Seller Financing

(1 —aq)v; alone.

e the type | seller offers a cash price pl1 = %

o The type h sellers offers a menu of payment terms (p'f,p’f), where (p’f,p}f) is the solution to
the optimization problem [MP2] such that both (27) and (29) bind.

Proof. See Appendix O
If r4 is sufficiently large, then the sufficient condition for the existence is translated to

[1 — o + )\(Otl — ozh)]vl

m(h,1,p}, ph) > 1

which is trivially satisfied by the binding no mimicry condition (27). If r4 is relatively small, the
high-type seller might do better by offering a menu of payments such that all choose to be credit
buyers.

When there is no cost difference, in the least cost separating equilibrium the inequality (29)
binds because by doing so the profit obtained from credit buyers is higher and thus makes it more

costly for the low type to masquerade as the high type.

4.3.2 DPositive Cost Difference

If ¢ > 0, a general analysis becomes much more complicated due to the complexity of our parameter
values. Below we use a numerical example to show the parameter values that ensure the existence
of the least cost separating equilibrium by seller financing.

We consider an example with the following parameters: vy, = 2,v; = 1,y = 0.4, 5, = 0.2, A =

0.5. In Figure 3, we characterize the parameter values of § and c¢ that ensure the existence of
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separating equilibrium. We can see that if the cost of the high-type seller is smaller, ceteris paribus,
it is more likely that a separating equilibrium with seller financing exists. Note that we assume that
the cost of low-type seller is normalized to zero, so c is the cost difference between the seller of two
types. For a smaller cost difference, it is more costly for the high-type seller to prevent the low-type
one from mimicking higher prices. Therefore, seller financing can be used as a complement signal
to prices and reduce the signaling cost.

In addition, we can also see that for a smaller cost of funds rg, a separating equilibrium with
signaling by seller financing is also more likely to exist. This is obviously because that a lower cost
of funds reduces the signaling cost when seller financing is used as a signal. Especially, when 7
is close to zero, signaling by seller financing is always better than signaling by price alone to the

high-type seller since the signaling cost is reduced because of a low cost of funds.

5 Discussion

In the previous analysis, we restrict our attention to the analysis of separating equilibria. In this
section, we will discuss the possibility of pooling equilibrium in our model. We show that there
exists no pooling equilibrium that satisfies the intuitive criterion. In addition, we will compare the
performance of signaling by seller financing with other signals of good quality, such as warranty

and money-back guarantee.

5.1 Pooling Equilibria

We consider a model in which the return of the investment good varies across buyers and the seller
uses price alone as a signal of good quality. Suppose there exists a pooling equilibrium p* and let

Ry, R be the reservation price of a rich buyer and poor buyer respectively. We have

R: = AR'+(1-)NR]
Ry = ARy +(1- MR,

where \ is the prior probability that a good is of high quality. Let ', 7} be the equilibrium profit
of the type [ and type h seller in a pooling equilibrium, i.e.,

* *

o= BU- R+ A=A -
o= Bo-2yra-pa-Lyer-o

R; R}

For simplicity, we consider a special case in which all buyers are liquidity-constrained, i.e.,
B = 0'°. Suppose that there exists a price p at which a type [ seller can make a higher profit in
this pooling equilibrium than its profit under the most favorable beliefs. That is, the price p must

satisfy the following inequality

10We first show that no pooling equilibrium exists in this special case, and then this non-existence result can be

generalized to a general case.
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p
(1-—p <y

m(l,1,p) = Rh

This also implies that p has to satisfy
P2 PaOrp<py

where

Ry Ry an]
o = b 1o
P 5 T3 R
R [
2 9 Rl

Similarly, suppose there exists a price p at which a type h seller can make a higher profit when

it is recognized, i.e., the buyer’s belief = 1, than what it makes in a pooling equilibrium. In other

words,

a(h1,p) = (1 - o) (p—c) > 78

Ry
This also implies
P € (pe,Pa)
where
s h
po= T B 1o Sy G+ - 2]
pa = “m+%w——+<nu e

If ¢ > 0, then we can see that pg > p,, and there exist a price p € [p,, pg] at which the type h
seller would like to deviate to p, while the type [ one prefers the pooling equilibrium. Thus, p is
equilibrium dominated for the type [ but not type h. Thus, we can conclude that as long as ¢ > 0,
there exists no pooling equilibrium that satisfies the intuitive criterion.

Proposition 7. For any ¢ > 0, there exists no pooling equilibrium that satisfies the intuitive

criterton.
By showing that no pooling equilibrium exists in this special case, we can show, by a similar

argument, that there exists no pooling equilibrium in a more general setting of our model.

5.2 Comparison with a Money-Back Guarantee

In our model, seller financing can be used as a signal of the quality of an investment good because

a low quality good is more likely to be defective, i.e., yielding a zero return. Thus, it is more costly

21



for a low quality seller to masquerade as a high quality one. The role of seller financing as a signal is
similar to that of a warranty or money-back guarantee, since all these signals are all default-related.
In this subsection, we will compare our results with those in Moorthy and Srinivasan (1995), where
a seller uses a money-back guarantee as a signal of product quality.

In Moorthy and Srinivasan (1995), they compare the signaling performance of (1) price alone and
(2) price with a money-back guarantee. They show that when buyers have heterogenous valuations
for the product, signaling by price alone is possible. However, under some conditions signaling by
price with a money-back guarantee can perform better; i.e., a money-back-guarantee is a useful
supplement signal to prices.

If a seller provides a money-back guarantee to buyers, the buyer’s reservation price for a high
quality good is the return when it is working, i.e., v;. Note that when a seller provides a money-
back guarantee, the assumption of competitive loan market ensures that the loan rate of financing
is zero, since the lender bears no default risk under a money-back guarantee provided by the seller.
Let m,,(h, 1, p) denote the profit function of the high-type seller when it is correctly identified. Then
we have the following :

T (hy1,p) = (1 — 1%)((1 —an)p—¢)

Using the similar argument in the previous section, we can see that in the least cost separat-
ing equilibrium the high-type seller charges a price p”, where p" is the solution to the following

optimization problem [MP3].

[MP3] max (1 %)((1 — an)p —c)
st. (1— 21 -a)p) < iRé
Uh

p < vy

(&
170¢h

Let p}, = Argmax,m,,(h,1,p) = % (vh + ) be the optimal price of the high-type seller

when good quality is commonly known. In addition, define

V(U= a1 = an)or, — Ry
(1 — al) )

By a similar argument in the previous analysis, we can see that in the least cost separating equi-

_ 1( n
=—-(v
Pm = 5V

librium a high-type seller charges a price p" such that

p" = max {p;,, B}

In our model, a seller offers a menu of payment terms which ensures that rich buyers take
the cash price while credit buyers take the credit price. Compared to signaling by a money-back
warranty, the seller in our model bears the default risk only from poor buyers. However, buyers’

reservation price for the good is lower when a money-back guarantee is not provided by the seller.

22



Seller Financing

0.4
Warranty

Figure 4: Comparision with signaling by a money-back guarantee

5.2.1 Numerical Example

Below we compare the equilibrium profit of the high-type seller under two cases with signaling by
a money-back guarantee and signaling by seller financing. We consider a numerical example with
the following parameters: vy, = 2,v; = 1.5,y = 0.5,7s = 0, A = 0.5. In Figure 4, we can see the
parameter values that ensure signaling by seller financing outperforms signaling by a warranty or
money-back guarantee.

Note that the equilibrium profit of the high-type seller from signaling by seller financing and
by a money-back guarantee is obtained by solving the optimization problems [MP2] and [MP3]
respectively. By Comparing two optimization problems [MP2] and [MP3] and using the envelop

theorem, we can see that

om(h,1,pt, k)

Oay, Up
a7T1n(h7 laph) h ph
-~ - 7 = 1——)<0

Jday, P vh) -

Note that when the seller provides a menu of payment terms to buyers, the seller can charge different
prices to rich and poor buyers and the gap between the signaling price and optimal price would be

smaller. That is, we have

1
¢%+d§£§ﬁ

where %vh is the optimal price when the buyer’s reservation price for the good is vj,. By concavity
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of the profit function, we can see that

h h
h Pa p
1—==)> 1——

P ( vh) P vh)

If 3 is sufficiently large, then (1 — 8)ph(1 — %) is smaller relative to p/(1 — %), and thus a higher
probability that the good might be defective is less damaging to the seller by using seller financing
as a signal.

Note that «, is the probability that a high quality good might be defective. For a smaller ay,
it is better for a high-type seller to provide warranty and therefore raise the reservation prices of
all buyers to vy. On the contrary, for a sufficiently large «y, signaling by seller financing has a
smaller signaling cost and therefore outperforms signaling by warranty or money-back guarantee
under some conditions. This can be also easily understood by the fact the payment terms enable

rich buyers to be cash buyers and reduce the seller’s risk when the good yields a zero return.

6 Conclusion

In this paper, we investigate the role of seller financing as quality assurance. We study the questions
about why a seller is willing to provide financing to buyers when there exists a competitive loan
market. We abstract from traditional explanations that focus on the financial advantages of seller
financing or the use of seller financing as a price discrimination device. Instead, we show that seller
financing can be used as a signal of unobserved quality.

If the good quality is privately known to the seller, we show that seller financing in the form of
contractual payment terms can be used as a signal of the quality of an investment good when the
return is uncertain at the time of purchase and buyers are liquidity-constrained. We assume that
good itself is the only collateral that the credit buyers can pledge for their loans and the low quality
good is more likely to be defective than the high quality one. Therefore, seller financing can be
used as a signal of good quality because it is more costly for the low quality seller to offer financing.
We characterize the Perfect Bayesian Equilibrium using the “intuitive criterion” as a refinement
criterion. We show that signaling by seller financing is necessary for the existence of separating
equilibrium in the model with homogenous buyers. In the model with heterogenous buyers, even
though signaling by cash price alone is possible, signaling by seller financing is more efficient, as
long as the cost of funds to the seller or the cost difference is not large.

Some extensions from our model are possible. For example, we assume that financial institutions
do not observe seller’s strategy in our model. A more interesting case is to further investigate
whether seller financing can be an equilibrium outcome if financial institutions are acting players
of the game. In addition, to consider other general default arrangements when the good turns out

to be defective is another possible direction for future research.
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Appendices

A Proofs of Lemmas and Propositions

A.1 Proof of Lemma 1

Note that if financial institutions anticipate that there exists a separating equilibrium in the invest-
ment good market, i.e., buyers can distinguish the quality of the good, then buyers never default
as long as the good is working. Therefore, the expected profit of each financial institution can be

expressed as the following:

mp =0 —an)+ 1 =¢) A —a)lp(I+rp(L)) —p (A.1)

By the assumption of the competitive loan market, the expected profit of a financial institution

in (A.1) should be zero. Thus, the equilibrium loan rate is as follows.

—_— (1 =)o +Yap
P71+l — an)
Note that 7 is independent of the loan size L. By simply taking the derivative of r; with respect

to ap, aq, and 9 and due to that 0 < ¢ < 1 and ap < aq, we have the following results:

omy _ v ;>0 (A.2)
o (Yap — 1+ oy — hay)
omy _ 1-9 ;>0 (A.3)
oy (Yap — 1+ oy —pay)
omy _ QO — <0 (A4)

0% (o — 1+ g — pay)® ~

By (A.2), (A.3), and (A.4) we can conclude that 7 is increasing in «aj oy ,decreasing in ¢ and

independent of the loan size L.

A.2 Proof of Proposition 4

Recall that the conditions to ensure the existence of separating equilibria are as the following:

h h
81~ ) + (1= B0~ By < R (4.5)
1(R. — )2 h h
e <0 - F - -0 - ol —o (4.6)

For any p" that satisfies (A.5), p" has to meet one of the two inequalities: p" > 7" or p < Bh,
where

- 1 RhR} + /RERF[RL(RE — R}) + BRY(RE — R})]
2 (1-B)RE + BR}

g _ LRiRL - VRIRI[RL(R] — R} + SR (Ri — R)]

- 2 (1 - B)RE: + SR}
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We can also show that (A.6) holds if and only if p € [p", ,p"..], where

1 1 1
h h ph h h h
= = RI'R R" — BR" + R —VAB A7
Vo = 3R (R R - BRL+ SRD)+ VAB| (A
1 1 1
hn = = RI'R 4 c¢(R" — BRI + BRI — = VAB A8
Vi = SR g | PR+ e = R+ R = (A8
and
A = RY(R'R! - R'R, + BR'R, — BRIR!) >0 (A.9)
B = BA(R"— RN+ RYRIRL—c*) >0 (A.10)

If pt.. > D", we can see that both (A.5) and (A.6) hold for any p" € [p",p"..]. By (A.7) and
(A.8), we can verify that when ¢ =0,

o LRIRL: \ RERLIRE(RL — ) + BR(RE — R)]

Prnax = 2 (1— B)RL + BRE
. LEMR}—\/RIRLRL(R] — R})+ BR (R — R})]
prnln - B - 2 (1 _ ﬁ)RZ =+ BRZ

Furthermore, we can show that p” _ is increasing in c. By (A.7), we have

dpﬁlax _ 1 1

dc 2 vV AB
Let the term c¢(R'RI — R'R! + BRI'RL — BRIR!) be denoted by K. Then, by (A.9) we have
A=RL(R'R} — R'R! + BRI'R, — BRIRL) > K = ¢(R'R! — R'R} + BR!'R! — BRI'R!), due to that
¢ < RL. Similarly, by (A.10), we have

1
c(Ra Ry — RoRy + SRy Ry — BRyRy) + 5 (A.11)

B—K = Bc*(Ry— Ry)+ Re(RyRy — ¢*) — c(Ry Ry — Ry Ry + BRG R, — BRYRY)
= —(c— Ré) (RZRQ + cR" — cBR" + cﬁRl},L) >0, for ¢ < R}

Thus, we have shown that \/jTBc(RZRZ—RZRé—i—ﬁRZRf,—BRZRé) < 1, and consequently dpﬂ‘?g“‘ > 0.

The fact that pl,. is increasing in ¢ implies that p/,. > p" for any ¢ > 0 and therefore
there exists some p” satisfying both (A.5) and (A.6). This completes the proof of the existence of
separating equilibria.

A.3 Proof of Proposition 5

Recall that the optimization problem of the type h seller is
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P2 max 51— B o)+ (1= ) |- 22) | | (A12)

P1Po R (I+rs)
st 51 = om0 9) [0 - 22) | G2 || < 1A (A13)
ps (2 )m (A.14)
(=)o < (A15)

The slope of the iso-profit curve of 7(l,1,p1,p2), denoted by %“z, is as the following:

dp2 ‘ ﬁvh (2171 + 21717"5 - RZ - Rer)
=2
dp1 Rl (=2p2 + 2app2 + 2Bps — 2Banps + v, — apvn — Bun + Bayvn)
1 2p1 — R!
— hﬂvh( +T5)( D1 Ra) (A16)
Ri(ay — 1) (1= B) (2p2 — vn)

Note that dm |,rz < 0 for any (p1,p2) such that p; > éRh and py > %vh.

Slmllarly, the slope of the iso-profit curve 7(h, 1, p1,p2), denoted by %“h, is as the following;:

dpQ | ﬂ'vh (2]71 + 2p17“s —C—Crg — Ra — RZTS>
— ﬂ-h —_—
Rl (2p, — 2 appy — v + apvi, — ¢ — 20py + 2Bapp, + Bop, — Bapvy + Be)
Bon (1+75) (2p, — R} — ¢)

= A7
RIM(1 =) (c+ crs — 2py + vp + 200y — apvp) ( )
Note that Z—if < <0 for any (p1,p2) such that p; > 2(R" +¢) and p, > % (vy + (?LSZC).
By (A.16) and (A.17), we have
dpz) _ dp2,
dp, dp,
_ B+ (2p1 — RY) B (2p1 — Ri — ¢) (A18)
I—an)(1=0) | (=1 (1 —p8)(2p2 —vn) (c+crs —2py + vi + 2anpy — Apvr) '

If dﬁ“z < %“h the iso-profit curve of 7(h, 1, p}, p4) is flatter than that of 7(h, 1, p}, p4). The
solut1on to the optlmlzatlon problem and thus least cost separating equilibrium occurs when (A.13)
and (A.15) bind. This completes the proof of this proposition. On the contrary, %“ > j ahs
then (A.13) and (A.14) bind in equilibrium.

A.4 Proof of Proposition 6
If ¢ = 0, by (A.18) we have
@| L %| .
dp,'™  dp, "
_ B+ (2p-Ry) (2p1 — R}) (A.19)

(I—=an)(1=5) |(1=an)2p2—vn) (1 —a1)(1—pB)(2p2 —vn)
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We can see that for any p; > %RZ and po > %'vh, %“z — % |» < 0. This implies that the iso-profit
1 1

curves of 7(h, 1, p1,p2) is flatter than that of 7(l, 1, p1, p2). By observing the optimization problem

[MP2], we can see that in the solution to [MP2], both (27) and (29) bind.

Besides, the sufficient condition for the existence of the separating equilibrium is translated to

1—Oth)’Ul U]
h.1 h , h > (
m(h Lpropy) 2 max{ 4(1+r,) 41 +ry)

= max {m7 i[l —a;+ Moy — Oéh)]Ul}

By the no mimicry condition, we can see that m(h, 1,ph, ph) > %[1 —a; + Moy — ap)]y in any

candidate solutions to [MP2]. If r; is sufficiently large such that
1
S 1[1 — o+ /\(Oll — ah)]’ul (A20)

then there always exists a least cost separating equilibrium. (A.20) can be translated to

(v —ap) (1 =2)
[1— o+ Moy — ap))

Ts >

and this completes the proof.
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