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Interest Rates in Trade Credit Markets

All things equal, interest rates should increase with the borrower’s risk.
And yet, Klapper, Laeven, and Rajan (2012) cannot find such a positive
relation in a broad sample of trade credit contracts. We shed some light on
this puzzle by arguing that competition between informed and uninformed
suppliers weakens the link between the trade credit cost and the borrower’s
creditworthiness. Our model implies that trade credit rates are more likely
to increase with the borrower’s risk if suppliers are less profitable, have high
cost of funds, or sell inputs to firms plagued by moral hazard and financial
distress.
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BASIC ECONOMIC PRINCIPLES SUGGEST THAT LENDERS should in-
crease interest rates with the borrower’s risk. And yet, Giannetti, Burkart, and
Ellingsen (2011) and Klapper, Laeven, and Rajan (2012) cannot find evidence for
a positive relation between interest rates and credit risk in the trade credit mar-
kets. Lack of such evidence is particularly puzzling because Petersen and Rajan
(1997) show that suppliers of inputs have comparative advantage in identifying
customers with growth potential.! Presumably, suppliers should use their informa-
tional advantage to increase the interest rates paid by their riskier customers, paving
the way for a positive relation between interest rates and public signals of credit
risk.

We shed some light on this puzzle by modeling a trade credit market in which
some suppliers have private information about their customers’ risk, while others do
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1. Mian and Smith (1992) and Biais and Gollier (1997) argue that repeated sales give to suppliers
private information on their customers’ credit risk.
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not. Our model implies that competition between informed and uninformed suppliers
weakens the link between the cost of trade credit and private signals on the borrower’s
risk. We show that the private signals are more relevant to the cost of trade credit in
industries whose suppliers (informed and uninformed) are less profitable, have high
cost of funds, or sell inputs to firms plagued by moral hazard problems and financial
distress. Under a mild assumption, these predictions yield testable implications on
the sensitivity of trade credit rates to public signals of risk.

The starting point of our paper is a seemingly harmless observation. Informed
suppliers cannot ask their riskier customers to pay high trade credit rates, if the latter
have the option of buying on credit at lower rates from suppliers that are unaware of
their greater risk. With this constraint, the highest cost of trade credit that informed
suppliers can impose on their riskier customers matches the terms of trade credit set
by uninformed suppliers. Competition with uninformed suppliers therefore makes it
harder for the informed ones to selectively raise the cost of trade credit of their riskier
customers.

Note, however, that competition does not prevent suppliers from lowering the
cost of trade credit. Informed suppliers, in particular, are free to offer to their safer
customers trade credit contracts at lower interest rates. Is there any reason for informed
suppliers not to do so? If such a reason exists, can it explain why empiricists have
not been able to detect a negative relation between the cost of trade credit and the
borrower’s creditworthiness?

The answers to these questions rest on a trade-off between margin of profits and
volume of sales. In equilibrium, this trade-off can be summarized by two endogenous
cutoff values of the probability that the borrower will pay its debt in full. Intuitively,
informed suppliers may find it so important to boost sales to creditworthy customers
that they offer them trade credit at zero interest. In our model, these creditworthy
customers comprise the buyers of inputs whose probability of debt repayment is no
less than the first of our two cutoff values: #%/.

In the other extreme, protecting the volume of sales to likely losers should not
be a priority for informed suppliers. Accordingly, the trade-off between volume of
sales and margin of profits is dominated by the latter if the customer’s probability of
paying its debt is smaller than or equal to our second cutoff value: 7. We will show
that in equilibrium, informed suppliers offer trade credit to these customers at the
highest interest rate that they may accept, that is, their outside option in the trade
credit market. This outside option cannot vary with the informed suppliers’ private
signals, because it is set by uninformed suppliers.

The cost of trade credit therefore varies with the private signals of the informed
suppliers only if the customer’s probability of debt repayment lies in the interval
(£, £**). More importantly, we shall demonstrate that  and % depend on charac-
teristics of the suppliers of inputs as well as some characteristics of the buyers. These
characteristics increase (decrease) the sensitivity of the cost of trade credit to signals
on the borrower’s risk, if they enlarge (shrink) the interval (7, t**°). Building on this
result, our model predicts that the sensitivity of the cost of trade credit to the private
signals of the informed supplier is stronger if suppliers (informed and uninformed)
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are less profitable, have a high cost of funds, or if they sell inputs to customers plagued
by moral hazard problems and financial distress.

To understand these predictions of the model, consider first an industry whose
suppliers have low profits and high costs of funds. On the one hand, low profits
and high costs of funds weaken the suppliers’ incentive to offer trade credit at zero
interest, increasing *’° and enlarging the interval (7, *"°). On the other hand, they
strengthen the suppliers’ incentives to offer to their riskier customers trade credit
at the highest interest rate the latter are willing to accept, thereby increasing 7 and
shrinking the interval (7, t%'°). This second effect conflicts with the first one, making
it unclear, at first glance, whether lower profits and higher costs of funds strengthen
the sensitivity of the cost of trade credit to private signals on credit risk.

As it turns out, the effect of lower profits and high costs of funds on the informed
suppliers’ incentives to offer zero interest to their safer customers is stronger than the
effect on their incentives to increase the trade credit interest rates paid by their riskier
customer. We will show that the latter effect is weaker, because lower profits in input
sales and higher costs of funds induce uninformed suppliers to raise their trade credit
interest rates, which, in our model, determine the outside option of the informed
suppliers’ riskier customers. The cost of trade credit thus becomes more sensitive to
the informed suppliers’ private signals, if sales of inputs are less profitable and the
suppliers’ costs of funds are higher.

Consider now a financially distressed industry. In our model, the higher the prob-
ability of default of the buyers of inputs, the larger is the equilibrium interest rate set
by uninformed suppliers. Informed suppliers therefore have more room to align the
cost of trade credit with their customers’ risk, if a significant fraction of the buyers of
inputs is financially distressed. In this case, we shall demonstrate that the sensitivity
of the cost of trade credit to private signals on the borrower’s risk is stronger.

A similar argument implies that the cost of trade credit is more sensitive to the in-
formed suppliers’ private signals, in industries plagued by moral hazard problems. As
Burkart and Ellingsen (2004) point out, suppliers can mitigate moral hazard problems
more efficiently than banks because trade credit is extended in kind rather than cash.
Conceivably, this in-kind advantage is stronger if the supplier can exploit an infor-
mational advantage on the customer’s credit risk to protect its loans more efficiently
than uninformed suppliers. If so, moral hazard problems weaken the uninformed sup-
pliers’ ability to compete in the trade credit market, increasing the margins of profits
of informed suppliers and, consequently, strengthening their incentives to selectively
lower the cost of trade credit.

While the implications of our model link interest rates to private signals of credit
risk, they shed some light on the lack of evidence for a positive relation between
interest rates and public signals of risk. If public signals on credit risk are unbiased,
then they should be positively correlated with the informed suppliers’ private signals.
Under this mild assumption, private signals strengthen the positive relation between
interest rates and public signals of the risk. That will not happen, though, if the data on
trade credit encompass mostly profitable suppliers with relatively low cost of funds
as well as industries without major problems of moral hazard or financial distress.
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Section 4 exploits this insight to propose a test of the link between interest rates and
credit risk in trade credit markets.

This paper builds on two strands of the trade credit literature. The first one identifies
efficiency reasons for suppliers of inputs to finance their customers. Three influential
papers in this first strand are Biais and Gollier (1997), Burkart and Ellingsen (2004),
and Cufat (2007). In Biais and Gollier, suppliers can identify firms whose credit
risk is overestimated by banks. Knowing that these firms’ credit lines are unduly low,
suppliers are willing to fill their financing needs. Burkart and Ellingsen, in turn, argue
that suppliers may extend credit to firms that have exhausted their ability to borrow
from banks because loans in kind (as opposed to cash) are less vulnerable to moral
hazard problems.? In a related paper, Cuiiat argues that it is efficient for suppliers of
inputs to provide credit to their customers because the threat of stopping the supply
of inputs mitigates moral hazard problems. None of these papers investigates the
sensitivity of the cost of trade credit to private signals of credit risk.

The second strand of the literature we build upon seeks to explain the trade credit
rates. Brennan, Maksimovic, and Zechner (1988), for instance, show that it is optimal
for suppliers to waive interest if their margins of profits are sufficiently high. And
Daripa and Nielsen (2011) argue that suppliers offer trade credit at zero interest to
induce their customers to keep higher inventory levels. In contrast, Wilner (2000)
argues that suppliers of inputs are prone to make concessions to financially distressed
customers. Anticipating the concessions, suppliers offer trade credit at high interest
rates. We add to this literature by providing a unified explanation for the full range
of trade credit interest rates: the zero-interest trade credit contracts, the contracts that
increase the interest rate with the borrower’s risk, and the ones that ask the highest
interest rate the customers are willing to accept.

The remainder of the paper is organized as follows. Section 1 describes the trade
credit model, while Section 2 shows how characteristics of suppliers and buyers of
inputs determine the sensitivity of the cost of trade credit with respect to the informed
suppliers’ private signals on the borrowers’ creditworthiness. Section 3 introduces
moral hazard problems and Section 4 maps the model’s implications into regression-
based tests. Section 5 summarizes the main insights of the paper. The proofs of the
propositions can be found in Appendix 26 and a description of the variables of the
model is in Table 1.

1. THE MODEL

1.1 Sequence of Events and Information Structure

Consider a risk-neutral economy with a continuum of firms that seek trade credit
to purchase inputs for a production process. The possible outcomes of the production
process are two: output sales that ensure a positive return on the purchase of inputs

2. Fabri and Menichini (2010) extend Burkart and Ellingsen’s model to jointly determine the optimal
levels of bank loans and trade credit. By doing so, they link the use of trade credit to the inputs’ liquidity
and the suppliers’ comparative advantage in repossessing sold inputs in default states.
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TABLE 1

List oF SYMBOLS WITH DEFINITIONS

Symbols Definitions

Technology:

t Type of a buyer of inputs. The type is the probability of success of the
production process of the buyer of inputs.

t The type of the buyer of inputs with the smallest probability of success. By
assumption, ¢ > 0.

N Number of suppliers of inputs.

1 Units of inputs purchased by a firm.

o) Payoff function of the buyer of inputs, gross of production costs and
interest rates. (i) Q(0) = 0, (ii)) Q'(1) > 0, (iii) Q"(I) < 0, and (iv)
}imUQ’(I) = o0 and lim Q'(I) = 0.

q The amount of goods that the purchaser of inputs sells. g(7) is its
production function.

Price/Cost/Interest Rates:

w(q) Inverse demand function for the product of the firm that purchases ¢ inputs.

p Input price.

c The constant marginal cost of producing inputs.

i The cost of funds of the suppliers of inputs.

r A generic interest rate of a trade credit contract.

Beliefs:

F(t), f(t) The distribution and density functions, respectively, of the type of a buyer
of inputs. The support of F(¢) is the interval [z, 1].

G(1), g(t) The cumulative and density functions of the type of a buyer of inputs, in a
financially distressed industry. The support of G(#) is [t — ¢, 1], with
¢ €(0,0).

Equilibrium:

rt The outside offer of buyers of inputs in the trade credit market. It is the
interest rate of trade credit contracts offered by uninformed suppliers.

I=(r") The demand for inputs under trade credit rate r".

e(r) The interest-elasticity of the demand for inputs.

I, r The amount of input sales and the trade credit rate, respectively, that
informed suppliers offer to buyers of inputs with type .

7 The riskiest buyer of inputs with access to trade credit from an informed
supplier.

e The riskiest buyer of inputs with access to trade credit at zero interest.

r The safest buyer of inputs to whom informed suppliers offer trade credit at
the interest rate " available from uninformed suppliers.

Moral Hazard Model:

B Investment in the diversion technology: units of inputs that a buyer of
inputs destroys to divert cash.

BB Cash that a buyer of inputs diverts if it destroys B units of inputs. The
parameter S indexes the degree of the moral hazard problem, with
B €0, +i)).

pA(I) Repayment obligation in trade credit contracts for purchases of / units of
inputs, assuming that the buyer of inputs can divert cash, if left
unchecked.

B(I) The largest investment in the diversion technology (destruction of inputs)
that does not harm the uninformed suppliers.

I"(r", B) The largest trade credit offer that dissuades buyers of inputs from diverting
cash.

Best(rt) The value of the moral hazard parameter that makes the trade credit offer
that dissuades diversion equal to the borrower’s demand for inputs
I*(r").

I (r", B) The value of a type-7 firm that purchases inputs from an uninformed
supplier at trade credit rate r“, given a moral hazard parameter .

T The highest interest rate that buyers of inputs will accept to pay to

informed suppliers, if purchases of inputs from uninformed suppliers
can imply cash diversion.
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0 1 2 3
Firms seTek Take—it—lr—leave-it offers Uninforn]od suppliers/ Produ(:tionT/
financing by the main suppliers Purchase of inputs Payoffs

Fic. 1. Sequence of Events.

(success) or total loss (failure). Firms are indexed by their probabilities of success; the
production process of a type-¢ firm, for instance, succeeds with probability ¢ € [¢, 1],
where t>0. By assumption, firms know their probabilities of success when they seek
trade credit.

The market for inputs consists of N suppliers, producing inputs from a common
technology and sharing the same cost of funds “i” in trade credit transactions. Al-
though all suppliers look alike as producers of inputs, firms do not treat them equally.
For the same input price and equal terms of trade credit, firms prefer doing busi-
ness with their most-favored suppliers. Intuitively, buyers and suppliers of inputs
establish most-favored business relationships after repeated transactions, subsumed
in an unmodeled first stage of the game. The relationship-building stage provides a
rationale for the smallest probability of success of the buyers of inputs to be larger
than zero: ¢ denotes the riskiest buyer of inputs that has survived repeated production
processes.® Accordingly, from now on we will call a firm’s most-favored supplier its
main supplier. We assume that each firm has one (and only one) main supplier.

Figure 1 describes the sequence of events. Firms seek trade credit at date 0. At this
time, each supplier receives signals of the probabilities of success of their preferred
customers. For simplicity, the signals are perfect: firms know their probabilities of
success at date 0, and so do their main suppliers. The remaining suppliers know only
that types are distributed on the interval [z, 1] according to a cumulative distribution
F(t) whose density function f(¢) is strictly positive in the support of types. The
distribution F'(¢), its density f(¢), and each supplier’s most-favored customers are all
common knowledge at date zero.

In addition to allowing a better assessment of the firms’ credit risk, special business
relationships give to the main suppliers a first-mover advantage. At date 1, they
may bundle sales of inputs to trade credit through take-it-or-leave-it offers to their
most-favored customers. The main suppliers know, however, that customers who do
not accept the take-it-or-leave-it offers will negotiate with rival suppliers at date 2.

3. Assume that the distribution of types initially lies in the interval [0, 1]. In the beginning of the
relationship-building stage, all suppliers compete for establishing most-favored business relationships
with buyers of inputs. At this point, the suppliers share the same belief on the credit risk of buyers of
inputs. And take into account that the benefits of becoming a most-favored supplier will not offset the
cost of subsidizing a buyer of inputs, if the latter goes bankrupt early on. The fear of subsiding a loser,
the benefits of becoming a most-favored supplier and some characteristics of the buyers—for example, its
distance to the supplier—determine the outcome of the relationship-building stage, which coincides with
a change in the support of the buyers’ types from [0, 1] to [z, 1], where 7>0.
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Hence, suppliers may offer trade credit to their most-favored customers and to some
unfamiliar buyers as well.

After securing trade credit, payoffs realize at date 3. As in Townsend (1979) and
Gale and Hellwig (1985), the suppliers of inputs do not observe the buyers’ cash flows
without paying a verification cost. Suppliers therefore rely on debt-like instruments
to finance projects.* We assume that buyers of inputs repay the trade credit at date
3 whenever they can afford it, distributing the residual cash flow (if any) to their
shareholders.

1.2 The Demand for Inputs

Firms seek trade credit to purchase inputs for a production process whose possible
outcomes are two: success or failure. If the production process fails, all is lost once
we take into account the verification costs embedded in the trade credit contracts.
Success, in turn, implies that the firms’ date-3 payoff (gross of production costs
and financial expenses) is Q(I) = w(q(1))q(I), where I is the amount of inputs
that the firm purchases, w(q) is the inverse demand function for the product of the
firm that purchases the inputs, ¢ is the amount of goods that the purchaser of inputs
sells, and g([) is its production function. By assumption, the payoff function Q(7) is
increasing and strictly concave on the inputs, satisfying Q(0) = 0 and the standard
Inada conditions: lim;_,o Q'(I) = oo and lim;_, o, Q'(I) = 0.

Although the production process is profitable, firms cannot pay the purchased
inputs at time of delivery (date 2). If p is the input price, firms require trade credit in
the amount p/ to buy [/ units of inputs. For simplicity, we restrict attention to linear
trade credit contracts that ask the borrower to pay principal, p/, plus interest, rpl,
when the project’s cash flow realizes.® With this type of contract, a buyer of inputs
with type ¢ solves

max t (Q(I) — (1 +r)pl). ey

The objective function (1) is the expected profit of the buyer of inputs, net of the
cost of trade credit. With probability ¢, the production process succeeds and the firm
gets the difference between Q(/) and the amount promised to the supplier at date 2:
(1 + r)pl. Neither the buyer of inputs nor the supplier gets a penny if the production

4. Verification costs do not rule out equity financing, in a multiperiod setting (see Fluck 1998).
Moreover, they do not rule out bank loans, whether the model is static or dynamic. Still, allowing for
equity financing and bank loans does not change the qualitative results of our model, if the relevant
alternative source of financing for the purchase of inputs from a most-favored supplier is trade credit from
an uninformed supplier.

5. It can be shown that the assumptions on Q(/) hold if: (i) the price elasticity of the demand for the
product of the buyer of the input is greater than one and (ii) the production function g (/) is increasing,
concave, and satisfies the Inada conditions.

6. Linear debt contracts are prevalent in the trade credit market. In the United States, a common linear
contract sets a price for payment of the input at the maturity date, with a discount for early payment.
We can accommodate in our model this type of contract by setting the input price at the maturity date as
(1 4+ r)pl, with a discount of rpI for payment at the time of delivery.
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process fails.” The necessary and sufficient condition that characterizes the optimal
purchase of inputs, 1", is

o'U") =1 +nrp. @

From the first-order condition (2), one can easily check that the optimal input level
I'* decreases with the price of the input, p, and with the financial cost of the trade
credit contract, r. Moreover, the first-order condition implies that the optimal input
level does not depend on the type of the buyer of inputs. This feature of the model
prevents uninformed suppliers from designing a menu of trade credit contracts that
screens the buyer’s type.

1.3 Suppliers

Petersen and Rajan (1994), Ng, Smith, and Smith (1999), and Giannetti, Burkart,
and Ellingsen (2011), among others, show that trade credit contracts in the United
States often let firms pay for purchased goods after delivery, without charging interest.
For these contracts to make economic sense, they must benefit the suppliers in
some other way. Daripa and Nielsen (2011), for instance, argue that suppliers offer
trade credit contracts at zero interest in order to induce their customers to keep
higher inventory levels, boosting profitable input sales. Brennan, Maksimovic, and
Zechner (1988), in turn, argue that suppliers with market power extend trade credit
at subsidized interest rates to discriminate their customers.?

And yet the trade credit rate is not the only instrument that suppliers can use to boost
sales of inputs; lowering the price of inputs also increases the demand. Unfortunately,
the reasons for suppliers to subsidize trade credit instead of lowering input prices are
not yet well understood by the profession.’ Hence, we follow Brennan, Maksimovic,
and Zechner (1988) by assuming an exogenous markup in input sales. In this setting,
suppliers use the trade credit rate to attract new customers and keep the existing
ones.'”

7. If we restrict attention to linear debt contracts, we do not need to assume that the agents are risk
neutral. It suffices to assign the types of the buyers of inputs to the risk-neutral probabilities that their
productions processes succeed. Risk aversion is relevant to the analysis only if we allow for nonlinear
trade credit contracts.

8. Daripa and Nielsen (2011) and Brennan, Maksimovic, and Zechner (1988) predict that the volume
of trade credit is positively correlated with the suppliers’ margin of profits, consistently with the findings
in Petersen and Rajan (1997).

9. Daripa and Nielsen (2011) demonstrate that it is optimal for suppliers to subsidize trade credit instead
of lowering input prices, if they have a lower cost of funds than buyers of inputs. Murfin and Njoroge
(2015) show, however, that suppliers with high cost of funds often provide trade credit to customers with
low cost of funds. A low cost of funds therefore cannot be the only reason for suppliers to offer trade
credit at subsidized rates, instead of lowering input prices. Alternatively, suppliers may resort to trade
credit at lower interest rates because active trading in a secondary market for inputs prevents suppliers
from price discriminating the buyers of inputs. An active secondary market is unlikely to exist, though, if
the supplier’s ability to tailor inputs to the buyers’ needs is the main source of its market power. Finally,
suppliers may take into account conformity with local practice when setting the cost of trade credit, in a
way similar to what Young and Burke (2001) claim to happen in cropsharing contracts.

10. This is the best-case scenario for the trade credit rates to respond to private signals of the informed
suppliers on their customers’ creditworthiness.
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More formally, let ¢ be the marginal cost of producing inputs. If the input price p
is equal to ¢, then suppliers have no reason for subsidizing trade credit. The cost of
subsidizing trade credit may be offset by higher profits in input sales, though, if p > c.
In this case, the markup f reflects the suppliers’ market power, or, alternatively, their
ability to transfer the cost of subsidized trade credit to the input prices.

As in Brennan, Maksimovic, and Zechner (1988), we let p/c be larger than one.
Nonetheless, we do not allow the markup to be so large that it is optimal for informed
suppliers to offer trade credit at zero interest to all of their most-favored customers.
We rule out this possibility by assuming that the expected markup under the smallest
probability of success, t(p/c), is smaller than 1 4 i, where i is the suppliers’ cost of
funds.

ASSUMPTION 1. The expected markup in sales of inputs is not sufficiently large to
outweigh the cost of providing trade credit at zero interest to any firm, that is,
t(p/c) < 1+41.

In our model, all suppliers have the same cost of funds, i, and look alike as
producers of inputs.'! Still, they differ as lenders. By assumption, a supplier has
private information on the credit risk of its most-favored customers. Explaining the
effects on the trade credit market of the main suppliers’ informational advantage is
easier if we characterize first the equilibrium of a model where all suppliers share the
same belief on the types of buyers of inputs. Section 1.4 characterizes the equilibrium
of this benchmark case.

1.4 Equilibrium with Symmetric Information

In a trade credit market with symmetric information, all suppliers use the distri-
bution of types F(¢) to form their common prior on the probability of success of
the buyers of inputs: E[t] = frl td F(t). Given this prior, the expected profit of any
supplier that extends trade credit at interest rate 7" is

a¥"(r") = (E[t](l +rp -1+ i)c) ). 3)

In equation (3), the cost of funds i capitalizes to date 3 the production cost c/*(r"),
where I*(r") is the demand for inputs under r* (see the first-order condition (2)). The
supplier’s expected profit obtains once we deduct the capitalized cost of production
from the expected revenue of extending trade credit at the interest rate r“, that is,
E[11(1 + r)pI*(r).

Suppliers have incentives to undercut each other whenever bundling input sales
with trade credit is profitable. Therefore, in the symmetric equilibrium, all suppliers
keep their most-favored customers, fetching zero expected profits in trade credit
transactions. Plugging the zero-expected profit condition into equation (3) and ruling

11. In the online appendix, we analyze the case of a main supplier with a higher cost of funds.
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out negative interest rate yields'?

L
pom = 11y @)

(2) Elr]

Consider now that suppliers know the actual probabilities of success of their most-
favored customers. In this case, the symmetric equilibrium breaks down because
trade credit at the interest rate " implies expected losses to the informed suppliers,
whenever the borrower’s probability of success is lower than the average E[¢].

As it turns out, characterizing the equilibrium with asymmetric information is not
a simple matter of resetting the interest rate »*"" offered by uninformed suppliers:
asymmetry of information implies strategic interaction between informed and unin-
formed suppliers. On the one hand, uninformed suppliers offer trade credit contracts
taking into account their beliefs on the likely type of firms that may accept their
offers. On the other hand, the trade credit contracts offered by informed suppliers
determine the uninformed suppliers’ beliefs on the types of firms to whom informed
suppliers may deny trade credit. Section 2 solves this strategic interaction as part of
the equilibrium of the game.

2. EQUILIBRIUM IN THE TRADE CREDIT MARKET

The equilibrium concept we use is perfect Bayesian equilibrium (PBE). In the
context of our model, a PBE consists of (i) trade credit strategies for informed and
uninformed suppliers, (ii) strategies for firms to purchase and finance inputs, and (iii)
beliefs on the types of the buyers of inputs. The strategies of buyers of inputs and
suppliers must maximize their respective expected payoffs, conditioned on the other
players’ strategies and the uninformed suppliers’ beliefs on the types of the buyers of
inputs. The uninformed suppliers’ beliefs, in turn, must satisfy Bayes’ rule whenever
possible.

We characterize the equilibrium in three parts. The first one derives the informed
suppliers’ optimal trade credit contracts, taking as given the strategies of buyers
of inputs and uninformed suppliers. In the second part, we derive the uninformed
suppliers’ optimal strategies and their beliefs, as part of the equilibrium of the game.
The section ends with comparative statics results.

2.1 Informed Suppliers

This section derives the optimal trade credit strategy of an informed supplier, taking
as given the strategies of the other players, which, for the purpose of this section, can
be summarized as follows: (i) uninformed suppliers finance purchases of inputs at an
interest rate »*; (ii) firms purchase inputs from their main suppliers (i.e., the informed

12. Equation (4) assumes that the expected markup is not sufficiently large to imply a negative value
for the equilibrium interest rate ", that is, E[t](p/c) < 1 +i.
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ones), whenever the latter offer trade credit at an interest rate that is not higher than
the trade credit rate offered by uninformed suppliers. Regardless of whom sells the
inputs, the demand for inputs is /*(r), derived in equation (2). Given these strategies,
the informed supplier offers to a type-¢ customer an amount of input sales I’ and a
trade credit rate ' that solve

max [t(1+rHp — (A +i)] I’ 5)

. 141 L
subject to max {0, (W) - 1} <r =r, (6)
I' = 1°(r"). @)

The objective function (5) is the informed supplier’s expected profit from bundling
a sale of I’ units of inputs with a trade credit offer at interest rate r’. With probability
t, the type-t customer will pay to the supplier the principal amount of the trade credit,
pl', plus interest, ' pI'. With probability 1 — ¢, the customer’s production process
fails and the supplier will receive nothing. Whether the purchaser of inputs succeeds
or not, the supplier bears the cost of producing the inputs, capitalized to the payment
date at the cost of funds i: (1 +i)cI’.

The informed supplier’s trade credit offer is vacuous if the interest rate is higher
than the outside option of the buyer of inputs. The upper bound on (6), ¥’ < r", takes
into account this constraint on the informed supplier’s offer. The informed supplier’s
interest rate cannot be too low, though. A profitable trade credit contract requires
that the suppliers’ expected revenue, #(1 4+ r)pI’, be no less than the capitalized
cost of production, (1 + i)cI’, which, in turn, implies that r* > (1 +i)/(tp/c) — 1.
To rule out negative interest rate rates, the lower bound on (6) takes the maximum
between zero and (1 + i)/(tp/c) — 1. Ruling out negative interest rate paves the way
for obtaining a range of trade credit contracts with zero interest. Finally, the constraint
(7) on the maximization program takes into account that the interest rate ’ determines
the demand for inputs, 7*(r’), as defined in equation (2).

A solution for the maximization program (5) always exists if it is profitable for
the informed supplier to extend trade credit to the type-¢ customer at the maximum
interest rate r" that buyers of inputs are willing to pay. This condition gives us the
riskiest type with access to trade credit from an informed supplier. This type —call it
f—is the value of ¢ that makes r* equal to the interest rate that fetches zero-expected
profits for the informed supplier, that is, r* = (1 +i)/(fp/c) — 1. Buyers of inputs
with access to trade credit from their main (informed) suppliers therefore must have
a probability ¢ of success that satisfies

1+i
() @ +ro

t>1=

®)
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Having established the types of buyers of inputs with access to trade credit from
an informed supplier, we move on to the solution of program (5).

A trade-off between margin of profit and input sales determines the informed
supplier’s optimal interest rate. On the one hand, higher interest rates increase the
margin of profits of the trade credit contracts. On the other hand, they lower input
sales and the volume of trade credit. To rule out the uninteresting case that it is always
optimal for informed suppliers to raise the cost of credit as much as possible, we define
the interest-elasticity of the demand for inputs, €(r) = —[(1 + r)dI*(r)/dr]/1*(r) ,
and assume: '3

AssUMPTION 2. The interest-elasticity of the demand for inputs, €(r) = —[(1 +
r)YdI*(r)/dr]/I*(r), is nondecreasing in r.

Given Assumption 2, Proposition 1 characterizes the solution of Program 5.

ProrosiTiON 1. It is profitable for any informed supplier to offer trade credit if and
only if the type of the buyer of inputsist >t = (1 +i)/((1 +r*)p/c). Foranyt > i,
the optimal trade credit contract finances the purchase of I*(r') units of inputs where
r' is given by

F=0,  if e[, 1], where £ = (€(0)/(e(0) — D) + iyp/c), with
€0) = tp/(tp — (1 +i)c) > 1,

r'=r, if t € [f, 1], where I is the largest t € [f, 1lsuch that
e(r') < tp(L +r")/@p(l +r") — (1 +i)c),

rt e (0,r"), if t € (£, £°), with ¥' uniquely defined by
ery =tp(1 +r")/@p(l +7r")— A +i)c).

Ift € (£, t%), then r' decreases with t.

The intuition for Proposition 1 builds on standard arguments of monopoly pricing;
the informed supplier should lower the interest rate to boost sales as long as the
interest-elasticity of the demand for inputs is sufficiently high. Accordingly, the
proof of Proposition 1 explores the first-order condition of the informed supplier’s
maximization program to demonstrate that it is optimal to waive all interest if the
elasticity condition is satisfied at zero interest, thatis, €(0) > tp/(tp — (1 +i)c) > 1.
For this condition to obtain, the markup must be large enough to ensure that expected
profits from input sales outweigh the financial losses of extending trade credit at
zero interest, that is, t(p/c) > 1 +i.If p/c < 1+ i, then it is never optimal for the
informed supplier to offer trade credit at zero interest, which is equivalent to %' > 1.

Fixed the markup p/c, one can check in Proposition 1 that the elasticity condition
for waiving all interest becomes more difficult to be satisfied as the probability of
success, ¢, goes down. Indeed, the smallest probability of success that induces the

13. Assumption 2 holds, for example, if Q(/) = [* with o € (0, 1).
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informed supplier to waive all interest is the value #**" that solves

tZL’I‘()

— p zero __ €(0) £ .
O = e e T _<e(0)—1><p>(1+’)' ©)

Plugging +*’” < finto equation (9) yields the smallest margin of profits that induces
informed suppliers to waive interest to all buyers of inputs they want to finance:

_ €(0) c . p €0)—1 14+
tZ(e(O)—1)<E>(1+’)‘:)?Z< ) )( 7 ) (10

If the markup p/c does not satisfy condition (10), then informed suppliers offer
trade credit at strictly positive interest rates. From the first-order condition of Program
(5), the optimal interest rate is in the interior of the opportunity set—that is, r’ €
(0, r*)—if and only if the marginal financial revenue due to an increase in the interest
rate is equal to the marginal cost of losing input sales and volume of trade credit.
This condition turns to be equivalent to €(r') = tp(1 +7")/(tp(1 + ") — (1 + i)c).
The right-hand side of this elasticity condition goes up as ¢ goes down, forcing
€(r") to increase as well. From Assumption 2, €(r') increases only if r’ goes up,
establishing that it is optimal for the informed supplier to increase the interest rate as
the borrower’s probability of success ¢ decreases, as long as t < %

There is a limit for 7’ to increase, as the probability of success drops below ¢
The trade credit rate cannot go above the interest rate r* that uninformed suppliers
offer in their trade credit contracts. If r' = r" for some probability # € (7, t*'°), then
the proof of Proposition 1 shows that the smallest type 7 to whom it is optimal for the
informed supplier to extend trade credit at the interest rate * must satisfy

€r') = tp+ ) —i= (L)> (%) A+i). (1)

zero

fp(d 4+rvy— (1 +i) e(rr) —1

Figure 2 shows that the cutoffs 7, 7, and %" split the types of buyers of inputs in
four intervals. Buyers with probability of success in the interval [z, f) do not have
access to trade credit from their main suppliers. Access to trade credit from the main
supplier requires a probability of success bigger than or equal to 7. Buyers with types
in the interval [7, 7] pay to the main suppliers their outside option r“; buyers with
types in the interval (£, %"°) pay an interest r' that decreases with the probability #;
and types in the interval [t*’°, 1] pay no interest. Note, however, that the cutoffs 7
and f depend on the interest rate r* that, so far, has been taken as given. The next
section obtains 7" as part of the equilibrium of the game.

2.2 The Uninformed Suppliers: Strategies, Beliefs, and Equilibrium

In our model, suppliers may offer trade credit to their most-favored customers and
to some unfamiliar firms as well. Whenever offering trade credit to unknown firms,
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suppliers factor in the risk of default by estimating the probability of success of a
buyer of inputs that, rather than purchasing inputs from its main supplier, accepts a
trade credit offer from an uninformed supplier. Figuring out the likely probability of
success of such a buyer of inputs is a crucial step in the characterization of the PBE
of the game.

Consider first a candidate for PBE in which there is a positive probability that
a firm purchases inputs from an uninformed supplier. For such an equilibrium to
obtain, there must exist a buyer of inputs with a type ¢ that is smaller than the
cutoff 7 that gives access to trade credit from its main supplier (see Proposition 1).
If that is the case, then Bayes’ rule dictates that the expected type of a buyer of
inputs that accepts trade credit offer from an uninformed supplier is E[t|t < ], with
f=0041i)/(14+r*)p/c) > t. And the expected profit of an uninformed supplier
that extends trade credit at an interest rate r* is

+i

j_[unmf(ru) — (E |:l"t < m} (1 _|_r”)p — (1 =+ l)C) I*(r”). (12)
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As in Section 1.4, competition among uninformed suppliers implies that, in any
candidate for equilibrium, the uninformed rate r* must drive expected profits down
to zero. Imposing the zero-expected profit condition in equation (12) yields'*

L
= t! — 1 (13)

(8) B [r]r < it

Plugging equation (13) into equation (8) obtains that the cutoff type with access to
trade credit from its main supplier must satisfy f = E[t|t < f]. This condition cannot
hold, though, because the strictly positive density f(¢) implies that E[f|t < ] < ¢
for any 7 € (¢, 1]. We thus conclude that there is no PBE in which firms purchase
inputs from uninformed suppliers with positive probability.

And yet, it is easy to exhibit a PBE in which all firms purchase inputs from their
main suppliers. In this equilibrium, Bayes’ rule does not pin down the uninformed
suppliers’ beliefs because there is probability zero that a buyer of inputs accepts
their trade credit offers. We can thus assign for the uninformed suppliers the most
pessimistic belief on the likely type of a firm that does not buy inputs from its main
supplier, namely, Prob(r = ¢) = 1, with Prob(#) denoting the probability that a type-¢
firm purchases inputs from an uninformed supplier, in the equilibrium of the game.
Given this belief, the expected profit of an uninformed supplier that offers trade credit
at the interest rate r" is

nuninf(ru) — (L(l + r”)p — (1 + l)C) 1*(7'“). (14)

Competition among uninformed suppliers drives 7"/ (+") down to zero, implying
that the equilibrium interest rate r* is

e

(Y

which is strictly positive because, from Assumption 1, p/c < (1 +1i)/t.

The value of * in equation (15) breaks even for the suppliers if the borrower’s
type is ¢, with strictly positive expected profits if the type is larger than 7. Hence, it
is optimal for informed suppliers to offer trade credit to all most-favored customers,
as the PBE we look for requires. Proposition 2 formalizes the existence of a PBE in
which suppliers sell inputs on credit to all of their most-favored customers, showing
that it is unique in the sense that any other equilibrium yields the same payoffs.

ru

-1, (15)

ProPOSITION 2. In the unique PBE of the game, firms purchase inputs from their
main (informed) suppliers with probability 1 (i.e., t <t). Firms pay the highest
interest rate, r* = (1 4+1i)/(tp/c) — 1, if their probability of success t is no more

14. Equation (13) assumes that the markup p/c is not large enough to imply a negative interest rate r*.
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than t = (e(r")/(e(r") — 1))(1 +i)c/p; they pay an interest rate r' that decreases
witht ift € (£, %), where t*" = (€(0)/(e(0) — D)(1 +i)c/p and €(0) > tp/(tp —
(1 4+i)c) > 1, and pay no interest if t > t¥°.

Figure 3 shows that the equilibrium splits the informed supplier’s most-favored
customers in three groups: the riskiest customers—¢ € [t, f]—pay the interest rate r*
offered by uninformed suppliers; customers with a probability of success t € (7, %)
pay interest rates that decrease with ¢; and the safest customers—t € [t*°, 1]—pay
no interest rate.

As it turns out, some of the intervals in Figure 3 may be empty. If p/c < 1 + i, the
elasticity condition at zero interest does not hold for any ¢, implying that it is never
optimal for informed suppliers to waive interest. In this case, 1°"*>1.!> Likewise, all
firms pay the highest interest rate they are willing to accept—that is, r’ = r*—if the
demand for inputs is sufficiently inelastic at 7*.'® In this case, f < ¢ and 1*"° > 1.

15. It is not possible that the elasticity condition holds at zero for all buyers of inputs because, from
Assumption 1, tp/c<1 + i, implying that r*"*>¢.

16. The exact condition for ' = r* for all ¢ is e(r") < 1 /(1 —1).
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The markup p/c and the cost of funds i determine whether it is optimal for the
informed suppliers to lower the interest rate with the borrower’s probability of success,
possibly allowing some borrowers to pay no interest. Regardless of the markup and
the cost of funds, though, it is always optimal for the informed suppliers to keep all
of their most-favored customers. The intuition for this result is straightforward. In
our model, main suppliers can exploit their informational advantage to undercut the
uninformed suppliers whenever they find profitable to retain a most-valued customer.
Knowing to be less informed players in the market for inputs, uninformed suppliers
refrain from bidding aggressively, reinforcing the firms’ bias to doing business with
their main suppliers.

2.3 Comparative Statics

This section shows that informed suppliers are more likely to lower interest rates
with the borrowing firm’s creditworthiness if (i) the markup p/c decreases, (ii)
the cost of funds “i” increases, or (iii) a shift in the distribution of types F(¢)
increases the credit risk of the riskiest buyers of inputs. To prove these results, we
restrict attention to equilibria in which informed suppliers offer trade credit at zero
interest to some firms while offering the highest interest rate r* to others, that is,

t<f<t® <.

Varying the markup and the cost of funds. Basic economic principles suggest that
interest rates should increase with the borrower’s risk and the lender’s cost of funds.
And yet Murfin and Njoroge (2015) show that suppliers with seemingly low prof-
itability and high cost of funds often provide trade credit at zero interest to profitable
firms. Motivated by this evidence, this section shows how the informed suppliers’
profitability—parameterized by the markup p/c—and their cost of funds “i”” change
the fraction of firms that pay interest rates that decrease with their probabilities of
success.

Intuitively, the suppliers’ willingness to subsidize trade credit increases with the
profitability of input sales: as the markup goes up, it is easier for profits from input
sales to outweigh the suppliers’ cost of subsidizing trade credit. Accordingly, one
can check in Proposition 2 that an increase in the markup p/c lowers the smallest
probability of success of the purchaser of inputs, 1*’“, that makes it optimal for
informed suppliers to offer trade credit at zero interest.

Proposition 2 shows, however, that, other things equal, an increase in the markup
p/c also lowers the highest probability of success, 7, that induces informed suppliers
to maximize the margin of profit of trade credit transactions. It might be possible
therefore that an increase in the markup lowers 7 in a way that the interval of types
that pay interest rates that decrease with their probability of success—that is, (£, £%°")
—gets larger, despite a lower #%°"°.

As it turns out, Proposition 3 shows that the interval (£, 1*°) does shrink with
the markup p/c, reducing the fraction of trade credit contracts at interest rates that
decrease with the borrower’s probability of success.
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ProposITION 3. An increase in the suppliers’ markup shrinks (possibly weakly) the
interval (f,t%") that includes firms to whom informed suppliers offer trade credit
at an interest rate r' that decreases with the probability of success. If Assumption 2
holds strictly (i.e., the interest-elasticity €(r) strictly increases with the interest rate
r), then a higher markup strictly decreases the interval (f, t°™).

The reason for an increase in the markup to lower the cutoff 1% more than

is simple. A higher markup increases the profitability of trade credit, inducing the
uninformed suppliers to lower the interest rate »*. The lower interest rate r“, in
turn, implies a tighter constraint on the informed suppliers’ ability to raise the cost
of trade credit of their riskier customers. As a result, they ask a larger fraction of
their customers to pay the maximum interest rate r“, thereby increasing the cutoff 7.
There is no such effect on the cutoff r*’?, which depends exclusively on the informed
suppliers’ incentive to boost input sales to the more creditworthy customers (see the
characterization of #*’” in Proposition 2).

The intuition for Proposition 3 also holds if we substitute the cost of funds “i”
for the markup p/c. Analogously to a decrease in the markup, a higher cost of
funds induces the uninformed suppliers to increase the interest rate r“, allowing
the informed suppliers to raise their interest rates as well. Proposition 4 shows that
informed suppliers take advantage of the extra room to boost interest rates in a way that
raises the fraction of firms whose trade credit rates increase with their probabilities
of default.

PRrROPOSITION 4. An increase in the suppliers’ cost of funds increases (possibly weakly)
the interval (f, t*'°) that includes firms to whom informed suppliers offer trade credit
at an interest rate r' that decreases with the probability of success. If Assumption 2
holds strictly, then a higher cost of funds strictly increases the interval (£, t%™).

The proof of Proposition 4 assumes that the cost of funds increases for all firms.
An alternative exercise increases the cost of funds of one informed supplier, holding
constant the cost of funds of the other ones. In this case, the Online Appendix of this
paper demonstrates that the “high-cost” supplier can no longer keep all of its most-
favored customers. In equilibrium, uninformed suppliers steal some of the riskiest
customers of the “high-cost” supplier.

More interestingly, the Online Appendix demonstrates that an increase in the cost
of funds of an informed supplier makes it less likely to offer trade credit rates that
decrease with the borrowers’ creditworthiness. Intuitively, uninformed suppliers can
attract more creditworthy customers, if the cost of funds of the informed suppliers
increases. As the average credit quality of their pool of customers improves, compe-
tition drives the uninformed suppliers to lower the interest rate r*. The lower r”, in
turn, reduces the margin of profits of the high-cost suppliers, making them less willing
to protect the volume of trade credit by lowering interest rates with the borrower’s
creditworthiness.

Financially distressed industries. Does financial distress make the cost of trade credit
more sensitive to the borrower’s creditworthiness? To answer this question, we split
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the buyers of inputs in two groups: the F-industry and the G-industry. While the
distribution of types in the F-industry remains F(¢), we assume that a negative
profitability shock has lowered the probability of success of the riskiest buyers of
inputs in the G-industry. Formally, the negative shock shifts the distribution of types
to G(t), with a strictly positive density g(¢) in the interval [t — ¢, 1], where ¢ € (0, 1).

Under mild conditions, the shift in the lower end support of the probabilities of
success in the G-industry assures that the F distribution first-order stochastically
dominates G. First-order stochastic dominance, in turn, implies that the average
credit risk in the G-industry is higher than in F, as one would expect to happen if
the G-industry were financially distressed. Still, Proposition 5 shows that the shift of
the support of the probabilities of success suffices for uninformed suppliers to set a
higher trade credit rate in the G-industry than in the F-industry. Proposition 5 also
shows that in the G-industry, a larger fraction of trade credit rates decrease with the
probability of success.

ProposiTiON 5. Uninformed suppliers ask buyers of inputs to pay a strictly higher
interest rate in the G-industry than in the F-industry. The fraction of buyers of inputs
that pay interest rates that decrease with the probability of success is at least as
high in the G-industry than in the F-industry. If Assumption 2 holds strictly, then the
fraction of buyers of inputs in the G-industry that pay interest rates that decrease
with the probability of success is strictly larger.

The beliefs of the uninformed suppliers explain why they offer trade credit at
a higher interest rate upon a shock that lowers the probability of success of the
riskiest firms. In equilibrium, uninformed suppliers believe that only the riskiest
buyer of inputs may accept their trade credit offers. Under this belief, a decrease in
the probability of success of the riskiest buyer of inputs raises the interest rate r"
that breaks even for the uninformed suppliers. The higher interest rate r“, in turn,
leaves more room for informed suppliers to lower interest rates with the probability
of success of their customers.

Proposition 5 suggests that the cost of trade credit is more likely to decrease with
the borrower’s probability of success in industries that are plagued by financial dis-
tress. This implication of our model is consistent with Wilner (2000), who argues that
suppliers have incentives to bail-out financially distressed customers in order to pre-
serve long-term business relationships. Anticipating their own incentives, suppliers
should embed the expected cost of the potential bailout in the terms of trade credit.
Clearly, this expected cost increases with the customer’s risk and is more likely to be
relevant in distressed industries.

3. TRADE CREDIT AND MORAL HAZARD PROBLEMS

Burkart and Ellingsen (2004) argue that trade credit is an important source of
external financing because loans in kind are less vulnerable to moral hazard problems
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than standard debt contracts. Do moral hazard problems make the cost of trade credit
less sensitive to credit risk? Quite the opposite, this section demonstrates that the
sensitivity increases.

3.1 The Moral Hazard Problem

We introduce moral hazard problems in the model by assuming that firms have
some leeway to divert part of the cash-flow generation that should be used to pay their
suppliers of inputs. We take into account two constraints on opportunistic behavior.
First, we do not let firms grab real assets and run; diversion of cash is bounded by
the firm’s cash-flow generation. Second, suppliers of inputs may sue the controlling
shareholders of buyers who do not pay their debt obligations, unless the court believes
that the breach of the trade credit contract was an unfortunate outcome of a risky but
reasonable investment.

To curb the risk of prosecution, buyers of inputs interested in diverting cash must
allocate corporate resources in a way that makes it more difficult for outsiders to
detect opportunistic behavior. The reallocation of resources destroys inputs meant
to be used in the production process, implying a trade-off between production ef-
ficiency and ability to divert cash. More formally, destroying B units of inputs
allows the buyer of inputs to safely divert an amount 8 B of its cash-flow generation.
The exogenous parameter B determines the firm’s ability to dilute its supplier of
inputs.

Cuiiat (2007) argues that suppliers of inputs are partially insulated from moral haz-
ard problems in trade credit transactions with most-favored customers. Intuitively,
repeated sales allow suppliers to fill specific needs of their most-favored customers,
making it costly for both parties to break their business ties. More in the spirit of
our paper, suppliers acquire private information on their most-favored customers’
activities, allowing them to repossess unpaid inputs in addition to making it eas-
ier for them to argue in court wrongdoing from the part of a customer. We take
this argument to the limit by assuming that 8 = 0 in trade credit transactions in-
volving a buyer of inputs and its main supplier. Buyers of inputs therefore do not
invest in the diversion technology to behave opportunistically against their main
suppliers.

In contrast, we assume that 8 € (0, (1 + 7)c) in trade credit transactions involving
uninformed suppliers. With this assumption, the payoff of investing B in the diversion
technology, B8 B, does not cover the capitalized cost of the lost inputs, (1 + i)cB. The
inefficiency associated with the diversion of cash may not rule out moral hazard
problems, though, because buyers of inputs reap all the gains from the diversion
technology, while sharing part of the costs with the uninformed suppliers.

Knowing that they are subject to moral hazard problems, uninformed suppliers will
design trade credit contracts accordingly. To characterize these contracts, consider a
sale of I units of inputs in exchange for a repayment p A(/) that depends on the input
price p and on the amount of inputs sold, /. Facing this trade credit contract—call
it (pA(I), I)—a buyer of inputs with type ¢ invests in the diversion technology the
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solution of the following program:

Jnax. ¢ [max{ QI — B) — pA(I),0}+$B]. (16)

The objective function (16) is the expected payoff of a buyer of inputs with type
t that invests B in the diversion technology. The investment yields a positive return
if the production process succeeds, because, by assumption, diversion is restricted
to the cash-flow generation. Conditioned on success, investing B in the diversion
technology yields B B to the buyer of inputs, whether the uninformed supplier is paid
or not. Nonetheless, the investment lowers the cash-flow generation of the buyer of
inputs by Q(/) — Q(I — B). Lemma 1 characterizes the optimal investment in the
diversion technology.

Lemma 1. Let B(I) be the largest investment in the diversion technology that allows
the uninformed supplier to be paid in full, that is, Q(I — B(I)) = pA(). If O(I —
B(1, B)) = pA(l), then the optimal diversion policy is

0 ifQ'(I) > pand 4L > g+ 22D,
BU.B) =1 B* €0, BU) if Q' — BY) = fand XL > gy 22D (17
1 otherwise.

The optimal diversion policy, B(I, B), weighs two conflicting forces: the marginal
gain B of the diversion technology and the efficiency of the production process,
which is summarized by its average payoff Q(/)/I and its marginal payoff Q'(I).
This trade-off yields two possible outcomes for the optimal investment in the diversion
technology. The first one, B(I, B) € [0, B(I)), lets the buyer of inputs extract part
of the firm’s cash-flow generation from the book value, but leaves enough cash to
ensure full payment of the trade credit contract. In the second possible outcome,
the marginal gain of the diversion technology outweighs the average payoff of the
production process at any diversion level lower than /. As a result, the buyer of inputs
diverts all the firm’s cash flow, leaving the uninformed supplier with nothing, that is,
B(1, B) = I. As we show next, the optimal trade credit contract rules out B(/, ) = [
as an equilibrium outcome by rationing the volume of trade credit that the buyer of
inputs gets.

Competition among uninformed suppliers drives their expected profits down to
zero, regardless of the amounted invested in the diversion technology. To under-
stand the implications of this zero-profit condition, consider a trade credit offer
for the purchase of I units of inputs, in exchange for a promised payment of
pA(I). Assuming that the promised payment is viable under the diversion policy—
tha is, Q(I — B(I, B)) > pA(I)—the expected profit of the uninformed supplier
is E [t1pA(I) — (1 4+ i)cl, where E [¢] is the uninformed supplier’s updating upon
learning that the borrower will not buy of inputs from its main supplier. With this
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updating, the zero-profit condition implies

@ ar 1®
c

Equation (18) shows that, in case of success, the gross return of the trade credit
contract—call it 1 4+ r* = pA(I)/pI—is (1 +i)/(E[t]p/c). We can thus write the
trade credit contract offered by the uninformed suppliers as a pair (p1, r*).

To obtain the uninformed supplier’s optimal trade credit offer p/, we move back to
the diversion policy B(I, ). Constraining the amount of trade credit lowers the scale
of the borrower’s production process, raising its marginal payoff. From Lemma 1,
an increase in the marginal payoff of the production process weakens the borrower’s
incentive to divert cash. Accordingly, Proposition 6 shows that it is optimal for
uninformed suppliers to offer an amount of trade credit that dissuades the borrowers
from diverting cash.

PropoSITION 6. It is optimal for uninformed suppliers to offer a trade credit contract
that dissuades firms from diverting corporate resources, that is, B(I1, 8) = 0.

From Lemma 1, the zero-diversion condition of Proposition 6 requires that neither
the marginal payoff nor the average payoff of the production process be too small.
As it turns out, the lower bound on the average payoff is the relevant restriction for
the characterization of the uninformed suppliers’ optimal trade credit contract. The
proof of Proposition 7 shows this result and builds on it to characterize the optimal
amount of trade credit offered by uninformed suppliers.

ProposiTioN 7. If r* = (1 +i)/(E[t1p/c) — 1, then there exists a cutoff B (r")
for the moral hazard parameter such that, for any B < B™'(r"), the optimal
trade credit contract of the uninformed suppliers is (pI*(r"), r"), where I*(r)
is the demand for inputs under a trade credit rate r, defined in equation (2).
If B > BCo™!(r'), then the optimal trade credit contract is (pI*(r*, B), r"), with
TH(rt, Beomi(r)y < I*(r'), a1(r*, B)/9B < 0, and dT*(r*, B)/dr" < 0. The supply
of trade credit, I*(r", B (r")), is implicitly defined by

o', p) .
W—ﬁ‘i‘]?(l‘i‘i’), (19)
while the cutoff B! (r") is defined by
I_Lt(ru’ ﬂl}()ﬂ&‘l(r[{)) — I*(ru). (20)

The key for Proposition 7 is the marginal payoff 8 of the diversion technology. If
B is close to zero, then the gains from diverting cash are small, making it unprofitable
for the buyer of inputs to sacrifice resources that could be used in the production
process. Moral hazard is therefore irrelevant; and uninformed suppliers offer the
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trade credit contract (pI*(r"), r*) that finances the optimal scale of the borrower’s
production process.

As B increases, the borrowers’ gains from diverting the uninformed suppliers rise

and so does the minimum payoff of the production process that dissuades diversion
(see Lemma 1). Since the payoff function Q(.) is concave, a necessary condition for
the average payoff to increase is that the investment in the production process falls.
Hence, the largest investment in the production process that dissuades the buyer of
inputs from investing in the diversion technology—that is, 7 (r", B)—decreases with
B.
The proof of Proposition 7 shows that there is a value of the moral hazard
parameter—call it S°!(r")—that makes the demand for inputs, I*(r"), equal to
the trade credit offer that dissuades diversion. Since 7*(r*, B) decreases with 8,
B < B™'(r") implies that moral hazard in the trade credit market is costless: the
trade credit offer that dissuades diversion is actually larger than the borrower’s de-
mand for inputs, that is, I“(r", <" (r')) > I*(r).

Moral hazard is costly, though, if 8 > B<(r*). In this case, the uninformed
suppliers’ optimal trade credit contract, (pI“(r“, B), r*), constrains the trade credit
offer to dissuade the buyer of inputs from diverting cash, while keeping the production
process as close as possible to its optimal scale. We can thus write the value of a
type-t firm that purchases inputs from an uninformed supplier as

QU () = (1 + ) pI* ()] if B < B0,
(G, B) = ) ) @n
([QU G, By = (L4 r)pI'(r, B if B > pi(r).

Equation (21) does not provide a complete characterization of the value of a buyer
of inputs that accepts trade credit from an uninformed supplier, because r* depends
on the expected type E[r]. The next section obtains E[¢] as part of the equilibrium
of the game.

3.2 Equilibrium with Moral Hazard Problems

Proposition 7 in Section 3.1 derives the optimal trade credit contract of the unin-
formed suppliers, up to their beliefs on the type of a firm that does not purchase inputs
from its main (informed) supplier. In a similar spirit, this section starts solving the
informed suppliers’ optimal trade credit contracts while taking as given the interest
rate set by uninformed suppliers in their trade credit offers. The informed suppliers’
optimal contracts determine the beliefs of the uninformed suppliers, paving the way
for, later in the section, integrating the strategies of all suppliers in an equilibrium of
the trade credit market.

Without moral hazard, buyers of inputs will not pay for trade credit more than
the interest rate r* that uninformed suppliers charge in their trade credit contracts.
Informed suppliers may rise the cost of trade credit above r*, though, if moral hazard
problems induce uninformed suppliers to ration their trade credit offers. In this case,
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buyers of inputs may be willing to pay an interest rate higher than r*, if informed
suppliers offer a larger amount of trade credit than the uninformed suppliers. More
precisely, moral hazard implies that the highest interest rate 7 that informed suppliers
can set is implicitly defined by

t[QUFF) — (L +F)pI*(F)] = rT1"(", ). (22)

The left-hand side of equation (22) is the expected profit of a buyer of inputs with
type-t that accepts a trade credit offer from its main (informed) supplier at the interest
rate 7. The right-hand side is the buyer’s expected profit if it accepts a trade credit
offer from an uninformed supplier.

Plugging equation (21) into equation (22) shows that 7 = r*, if uninformed sup-
pliers offer to finance the demand for inputs, despite the moral hazard problem.
Otherwise, the type-t buyer is willing to pay more for the informed supplier’s uncon-
strained trade credit, that is, 7 > r". We can thus write the problem of the informed
suppliers as

max [t +r)p = (A +i)] I' (23)
L +i
subject to max {O, <(p—-;;) — 1} <r' <F,
I'=1°¢".

The objective function (23) is the expected profit of an informed supplier that
extends trade credit at interest rate r* for a type-¢ firm to purchase I’ units of inputs.
In choosing r', informed suppliers know that it can neither be smaller than the break-
even rate, (1 +i)/(tp/c) — 1, nor larger than the maximum interest rate 7 that the
type-t buyer is willing to pay. The last constraint of the maximization program takes
into account that informed suppliers can finance the unconstrained demand for inputs,
because they do not fear moral hazard problems.

Comparing the informed supplier’s program (23) with its maximization problem
without moral hazard problems—program (5)—shows that they are equal, if moral
hazard problems do not leave room for informed suppliers to raise the interest rate
to some 7 > r". In this case, the equilibrium without moral-hazard problems (see
Proposition 2) still holds, even if firms have some leeway for opportunistic behavior.
In this equilibrium, uninformed suppliers offer trade credit at the interest rate r* =
(1+1i)/(tp/c) — 1, which, from equation (20), implicitly defines the cutoff that
induces credit constrained offers from uninformed suppliers as S = B™I(r").

From Proposition 7, the optimal financing policy 7*(r*, 8) decreases with 8,
for any r*. As a result, 8 < B implies that 7“(r*, B) > I*(r") for r* = (1 +
i)/(tp/c) — 1, proving that the equilibrium of Proposition 2, which ignores moral
hazard problems in the trade credit market, holds for any g8 < g™,
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Consider now that 8 > B, We claim that, in this case, there exists an equilibrium
in which uninformed suppliers do not finance all of the demand for inputs. The
constrained offers of the uninformed suppliers allow the informed ones to increase
the cost of trade credit to ¥ > r“, implying that it is profitable for them to offer trade
credit (see the first constraint in the informed supplier’s maximization program (23))
if and only if the buyer’s type is

1+
(B)a+7m

t>1f=

(24)

Ignoring moral hazard, Section 2.2 demonstrates that in equilibrium, informed
suppliers offer trade credit to all of their most-favored customers, that is, 7 < 1.
Do moral hazard problems imply that informed suppliers let some of their most-
favored customers buy inputs from uninformed suppliers? Proposition 8 answers this
question by characterizing the equilibrium with moral hazard problems in the trade
credit market.

ProposiTioN 8. If B > B“™!, there is a unique PBE that satisfies the consistency
requirement of Kreps and Wilson (1982). In this equilibrium, the uninformed sup-
pliers’ belief is Prob(t =t) =1 and their trade credit offers is (pI*(r", B), "),
defined in Proposition 7, given r" = (1 +1)/(tp/c) — 1. All buyers of inputs ignore
the uninformed suppliers’ offer, accepting instead the trade credit offers of their main
(informed) suppliers, that is, (pI*(r"), r'), with r' defined below, given F defined in
equation (22) withr* = (1 +1)/(tp/c) — 1:

F=0,  iftelf, 1], where £ = ((0)/(e(0) — D)(I + i)e/p) with
€0) = 1p/(tp — (1 +i)c) > 1,
r'=r, if t € [, 1], where | = (e(P)/(e(F) — D)((I + i)c/p),
rt € (0,7), if t € (@, £°). In this case, €(r') = tp(1 +7)/(tp(1 + 1) — (I +i)c),

with r' decreasing in t.

Proposition 8 shows that, in equilibrium, all firms purchase inputs from their main
suppliers, regardless of the moral hazard parameter 8. Analogously to Proposition 2,
the equilibrium splits purchasers of inputs in three groups. The riskier types, that is,
probability of success in the interval [z, f], pay to their main suppliers a premium—
7 > r"—for an amount of trade credit that lets them finance the production process’
optimal scale. As we move to types in (£, £%"?), the trade credit rate goes down with
the probability ¢ of success. The decline stops at zero interest once we get into buyers
of inputs with probability of success in the interval [¢¥7, 1].

Intuitively, moral hazard makes it easier for the main suppliers to beat their rivals
in the trade credit market, thereby explaining why, in the equilibrium of Proposition
8, firms purchase inputs from their main suppliers only. Perhaps, more interestingly,
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Proposition 9 shows that stronger moral hazard problems increase the sensitivity of
the trade credit rates to the borrower’s creditworthiness.

PROPOSITION 9. If B > B™!, then an increase in the moral hazard parameter B keeps
unchanged the fraction of firms that pay zero interest but increases (possibly weakly)
the fraction of buyers of inputs that pay trade credit rates that decrease with their
probability of success. If Assumption 2 holds strictly, then an increase in B strictly
increases the fraction of buyers that pay trade credit rates that decrease with their
probability of success.

The intuition for Proposition 9 is simple. Stronger moral hazard problems increase
the firms’ willingness to pay for trade credit offers that finance their unconstrained
demand for inputs, thereby increasing the profitability of the main suppliers. The
trade-off between margin of profits and volume of trade credit leans toward the latter,
inducing the main suppliers to increase the sensitivity of the trade credit rate to the
borrower’s creditworthiness.

4. MAPPING THE PREDICTIONS INTO TESTABLE IMPLICATIONS

In the equilibria of Sections 2 and 3, interest rates in the trade credit market increase
(possibly weakly) with the suppliers’ cost of funds and the strength of the moral hazard
problems, while decreasing (also possibly weakly) with public and private signals of
the borrower’s creditworthiness. These results suggest the following reduced-form
model of the interest rate paid by firm j in a trade credit transaction with supplier s:

7js = o + Bicost of funds, + B,Creditworthiness; + y X; +n;, (25)

where “cost of funds,” is a proxy for the cost of funds of the supplier;
“Creditworthiness;” is a proxy for borrower j’s creditworthiness; “X ;” is a vector of
other observable firm-specific characteristics that may be important for borrower j’s
cost of trade-credit (for instance, a proxy for moral hazard problems), and “n; ;" is the
error of the regression. The error captures the effects of unobservable characteristics
of the borrower and the supplier, as well as the effects of measurement errors in the
variables of the regression.!”

17. A potentially important source of measurement error is the interest rate r;, of the trade credit
contract. In the United States, trade credit contracts often give discounts for early payment. A 2-10 net
30 loan, for instance, combines a 30-day maturity with a 2% discount for payment within 10 days of the
invoice. Petersen and Rajan (1997) assign a 44% interest rate for these contracts, on the basis that this is
the effective rate that a buyer of inputs agrees to pay to extend the trade credit contract for 20 more days,
if it foregoes the discount. The effective interest rate of the trade credit contract is zero rather than 44%,
though, if the buyer of inputs does exercise the early-payment option. Giannetti, Burkart, and Ellingsen
(2011) mitigates this measurement error by taking into account the interest-free period (10 days in the
example) in the computation of the interest rate implicit in the 2% discount. Considering the interest-free
period implies a downward measurement error, if the buyer of inputs does not exercise the early-payment
discount.
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Klapper, Laeven, and Rajan (2012) estimate regression (25), using a sample of
30,000 trade credit contracts for 56 large buyers of inputs in the United States and
Europe. Their sample includes trade credit contracts originated mostly from sales of
final goods, with a dummy for investment grade as the proxy for the borrowing firm’s
creditworthiness. Sales and industry dummies are the observable characteristics of
the borrowers. Klapper, Laeven, and Rajan report in their table 11 that investment-
graded borrowers pay higher interest rates: coefficient of 0.396 for the proxy of the
borrowing firms’ creditworthiness, which is statistically significant at 10%.

As Klapper, Laeven, and Rajan (2012), Giannetti, Burkart, and Ellingsen (2011) do
not find evidence of a statistically negative effect of the borrower’s creditworthiness
on trade credit rates. Using a sample of 3,489 small U.S. firms from the 1998 Na-
tional Survey of Small Business Finance (NSSBF), Giannetti, Burkart, and Ellingsen
estimate a positive effect of their proxy for creditworthiness (the logarithm of assets)
on annualized interest rates: coefficient of 347.4, statistically significant at 5%. The
authors interpret this finding as evidence that credit constrained suppliers set higher
interest rates to more creditworthy customers to induce them to repay the trade credit
contract earlier.'®

Giannetti, Burkart, and Ellingsen’s (2011) interpretation of the positive effect of
the borrower’s size on the trade credit rates is certainly plausible. Some findings in
Klapper, Laeven, and Rajan (2012) raise some doubt on their interpretation, though.
When Klapper, Laeven, and Rajan include supplier fixed effects in their regressions,
the effect of their proxy for creditworthiness on the trade credit rates increases from
0.396 (the ordinary least squares coefficient) to a statistically significant 0.666 (p-
value < 1%). If liquidity problems were the driving forces for the positive correlation
between trade credit rates and the borrower’s creditworthiness, then the fixed-effect
estimate for the coefficient of risk should decrease rather than increase. After all,
the supplier fixed effects should control for estimation biases due to their liquidity
problems. "

Our model suggests an alternative approach to test for the relevance of the bor-
rower’s creditworthiness to the interest rates of the trade credit markets. If public
signals on the firms’ creditworthiness are unbiased, then they should be positively
correlated with the informed suppliers’ private signals. These private signals therefore
should strengthen the positive relation between interest rates and public signals of the
risk of default, especially in a sample of trade credit transactions with a significant
fraction of buyers of inputs whose probabilities of success belong to the interval
(f, t*¢™), characterized in Propositions 2 and 8.

From Propositions 3, 4, 5, and 9, the interval (£, £°°) is larger in industries whose
suppliers are less profitable, have a higher cost of funds, and are more subject to moral

18. The interpretation of Giannetti, Burkart, and Ellingsen (2011) is consistent with regression (2) in
their table 3, which shows a statistically negative correlation between a dummy for the existence of a
discount for early payment and a proxy for credit risk reported by NSSBF: coefficient of —0.023, p-value
less than 0.01.

19. Liquidity constraint is likely to vary with time. Still, supplier fixed effect controls for the liquidity
problems because the sample of Klapper, Laeven, and Rajan (2012) is restricted to a single year (2005).
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hazard problems and financial distress. We can exploit these implications of our theory
to propose a regression model that interacts the borrower’s creditworthiness variable
with industry proxies for the average profitability and cost of funds of suppliers as well
as the average strength of financial distress and moral hazard problems. Denoting the
industry proxies as Ind; where k € {m, i, B, I} indexes, respectively, the industry’s
average markup, cost of funds, moral hazard problems, and financial distress, we can
write the regression as

rjs = o + Bicost of funds, + Z ﬂé‘lndk + B3Creditworthiness;
k

+ ) BiCreditworthiness; x Indi + ¥ X + 11).:. (26)
k

The model predicts that trade credit rates are less likely to decrease with the proxy
of the borrower’s proxy for creditworthiness in industries whose suppliers are, on
average, more profitable. This prediction of the model implies a statistically positive
coefficient for the interaction of the borrower’s proxy for creditworthiness with the
industry proxy of the average profitability of the suppliers (coefficient ,3]{ > 0 for
k= p/c).

In contrast, the model predicts that the trade credit rates are more likely to decrease
with the proxy of the borrower’s proxy for creditworthiness in industries whose
suppliers have higher cost of funds and are more plagued by moral hazard problems
and financial distress. These predictions of the model imply statistically negative
coefficients for the interactions of the borrower’s proxy for creditworthiness with the
industry proxies of the average cost of funds, moral hazard problems, and financial
distress (coefficient ,Bf{ <Ofork e {i,B,15)}).

As long as confounding effects do not severely bias the estimation of equation (26),
our model also predicts that, on average, trade credit rates decrease with the borrower’s
creditworthiness. This prediction amounts to 83 + Y, 85 < 0, if the industry proxies
for profitability, cost of funds, moral hazard, and financial distress are all dummy
variables.

5. CONCLUSION

Firms buy inputs from several suppliers but usually choose one or two of them to
build special business ties. Whatever are the driving forces for these special business
ties, the trade credit model we work out in this paper gives a reason for them to
remain in place. It is unlikely that suppliers of inputs will allow economically-
sound customers to depart without a good fight. A typical supplier therefore should
negatively assess the creditworthiness of unfamiliar firms that ask for trade credit.
Such pessimistic beliefs imply trade credit offers at high interest rates, making it
more difficult for buyers of inputs to break away from their main suppliers.
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And yet explaining why buyers of inputs and preferred suppliers do not break
apart their business ties is not the main goal of our paper. Instead, we investigate the
sensitivity of the cost of trade credit with respect to the borrower’s creditworthiness.
By characterizing the optimal trade credit contracts of informed suppliers, we obtain
two conditions for trade credit rates to decrease with the borrower’s creditworthiness.
The borrower can neither be too safe to induce the informed supplier to waive all
interest, nor too risky to make it pay its outside option, which, in our model, is the
interest rate set by uninformed suppliers.

To draw testable implications from these two conditions, we map the borrower’s
creditworthiness into a probability ¢ that it will pay its trade credit contracts in full.
In doing so, we demonstrate that, in equilibrium, informed suppliers decrease the
trade credit rate with the borrower’s creditworthiness, if  lies in the interval (7, £%"°),
with 7 and #*° varying with industry characteristics. From this result, it follows
trivially that the sensitivity of the cost of trade credit with respect to the borrower’s
creditworthiness is more likely to be stronger (weaker) if the interval (£, 1%) is large
(small).

Comparative statics exercises on 7 and % thus show that trade credit rates are
more likely to increase with the borrower’s risk if suppliers are less profitable, have
high cost of funds, or sell inputs to firms plagued by moral hazard and financial
distress. As we argue throughout the paper, these implications of our model may help
empiricists unveil a positive relation between interest rates and risk, in trade credit
markets.

APPENDIX A: PROOFS OF PROPOSITIONS

Proor oF ProrosiTioN 1. Ift > £ = (1 4+i)/((1 + r*)p/c), then there exists a solution
of the informed supplier’s problem because the objective function (5) is continuous
and the opportunity set is compact. Assuming ¢ > 7, the solution may be interior—
r' € (0, r'*)—or in one of two corners: r' = 0 or r’ = r. To characterize necessary
and sufficient conditions for each of the possible solutions, plug I’ = I'*(r') into the
informed supplier’s expected profit and differentiate it with respect to r’ to obtain

dr-(r

W'y = tpI" (") + [t +r)p — (1 +i)c] o

Using the definition of the interest-elasticity of the demand for inputs, €(r) =
—[(1 + r)dI*(r)/dr]/I*(r), we can write W(r') as

L4
V') =tpl*(r') — e(r") [tp — (1 :;;) cj| I*(r"). (A1)
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Case 1: 7' = 0. The first-order necessary condition for 7’ = 0 to be optimal is ¥(0) <
0, or equivalently

tp—e@)[tp—(A+i)] <0

Since tp > 0 for any p > 0 and ¢ € [t, 1] with ¢ > 0, the expected markup must
more than offset the cost of waiving interest (tp — (1 +i)c) > 0 = tp/c > 1 +1,
for the first-order condition to be satisfied at r' = 0. We can thus write the first-order
condition for r’ = 0 as

€Oz —T o
tp— (1 +i)

To prove that the above necessary condition is also sufficient, suppose not, that
is, €(0) > tp/(tp — (1 + i)c) > 1 but some r' > 0 solves program (5). Such ' must
satisfy the program’s first-order condition, which, in this case, is ¥ (r') > 0. Note also
that, for such r’ to be optimal, it must imply strictly positive profits for the informed
supplier. Afterall, e(0) > tp/(tp — (1 +i)c) > 1 implies positives expected profits at
zero interest. From the informed supplier’s objective function (5), ' implies positive
expected profits if and only if tp/c > (1 +i)/(1 + r'), which allows us to write the
first-order condition for r > 0 as

tp(1 +r")

P+ —(re D (A2)

e(r') <

with W(r') = 0 if and only if e(r') = €(r', 7).
Fixed ¢, €(r', t) decreases with r’. Assumption 2 and the first-order conditions for
r' =0andr’ > O—thatis, €(0) > €(0, t) and e(r') < €(r', 1), respectively—imply:

€(0) < e(r') <€, 1) <€(0,1) < €(0),

which is the contradiction that proves that the necessary condition for r* = 0 is also
sufficient.

To determine the cutoff type t%’” that implies r’ = 0, note first that €(0, t) =
tp/(tp — (1 +i)c) decreases with t. Hence, assuming that €(0) > tp/(tp — (1 +
i)c) > 1 for some ¢ € (7, 1] implies that the smallest type r*" that pays no inter-
est solves €(0) = (t*"?p)/(t*p — (1 + i)c), or equivalently, *° = (¢(0)/(e(0) —
D) +i)p/c.

Case 2: r' = r". In the corner solution at r*, the first-order condition is W (r*) > 0.
To prove that this condition is also sufficient, consider first that W(»*) > 0 and
t=1t={+1i)/((1 4 r*)p/c). By construction of f, the informed supplier’s expected
profit is zero in a trade credit offer to a 7-type at interest rate r*. Moreover, one can
check in the objective function (5), that, fixed 7, the informed supplier’s expected
profit turns negative as the interest rate drops below r*, proving that W(r*) > 0 is
sufficient if 1 = 7.
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Consider now that W(r*) > 0 and ¢ > 7. To prove that the first-order condition is
also sufficient, suppose not, that is, there is some r’ < r" that solves the informed
supplier’s maximization program. Such a candidate for optimal r' must imply strictly
positive profits for the informed supplier and it cannot be the zero interest rate
because, from the proof of Case 1, optimality of zero interest implies that there is no
other interest rate that satisfies the first-order condition with strictly positive profits,
contradicting W(r*) > Oandt > 7. Hence, r’ must satisfy the first-order condition for
interior solutions, ¥ (r") = 0. Since the informed supplier’s expected profit is strictly
positive at 7', W(r') = 0 is equivalent to

o tp(1 +77) Iy
e’y = A+ — (e €', n). (A3)

The right-hand side of equation (A3) decreases with ' while, from Assumption 2,
the interest-elasticity of the demand for inputs is nondecreasing with r’. These two
conditions and ' < r* imply that

er'y> e =<', t) > €(r", 1),

but then €(r") > €(r", t), which cannot hold if ¥(+*) > O and ¢ > 7.

The largest type f that makes it optimal for the informed supplier to offer trade
offer at the interest rate r* is 7 if the first-order condition is satisfied at r* for r = 7.
Otherwise, the right-hand side of the necessary and sufficient condition e(r") <
€(r", t) strictly decreases with ¢, proving that f is the largest type that satisfies
e(r) < €(r", t). Standard continuity arguments thus imply that 7 is implicitly defined
by e(r') = €(r', 7).

Case 3:r' € (0, r"). If r' is an interior solution, its first-order condition is ¥ (r') =
0. Such r' cannot imply zero expected profits for the informed supplier because
any slightly larger interest rate would yield strictly positive expected profits, contra-
dicting the optimality of . We can thus write the first-order condition for r’ as in
equation (A3).

To establish that the necessary condition is also sufficient, note first that zero
interest cannot be optimal because, from Case 1, no other interest rate satisfies
the first-order condition when r' = 0 solves the informed supplier’s maximization
program. Likewise, r* cannot satisfy its first-order condition (e(r*) < €(r", t)), be-
cause Assumption 2 and €(#’, r) decreasing in r* imply thate(r*) > €(r", t), whenever
e(r')y = €@, t) for some r' < r". Since €(r') = €(r', t) rules out zero and r" as so-
lutions of the informed supplier’s program, we prove sufficiency of the first-order
condition by showing that, fixed 7, there is no 7' # r' that satisfies €(#') = €(#', r).
To show this, note that €(r’) nondecreasing in r’, €(r’, t) decreasing in r’, and
€(r’) = €(r', t), imply that, for any 7' > r':

() > e(r'y =€, 1) > €', 1),
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proving that €(#") > €(#', r). Likewise, r’ > 7' implies that
e <e(r')=7€@',t) <€, 1).

Finally, ' must decrease with ¢ because €(r’, t) strictly decreases with ¢ and, by
Assumption 2, €(r") is nondecreasing on r’. |

Proor oF ProposiTioN 2. The proof is divided in two parts. The first one characterizes
the equilibrium strategies and beliefs, and the second part shows that the equilibrium
is unique.

Part-1 (Characterization of the Equilibrium): In the proposed equilibrium, un-
informed suppliers offer trade credit at the interest rate r* = (1 4+1i)/(tp/c) — 1,
believing that firms that accept their offers have type ¢ with probability 1. Informed
suppliers offer trade credit to their most-favored customers at the interest rate »’ de-
fined in Proposition 1; and firms accept the trade credit offers of their main (informed)
suppliers, after realizing that these offers are at least as profitable as the one offered
by uninformed suppliers.

Beliefs and the uninformed suppliers’ strategy: Given the strategies of firms and
informed suppliers, the probability that a firm accepts a trade credit offer from an
uninformed supplier is zero. Bayes’ rule therefore does not impose restrictions on
the beliefs of the uninformed suppliers, implying that the most-pessimistic belief—
Prob(# = t) = 1—is consistent with the equilibrium strategies. Fixed the trade credit
rate r, the best that uninformed suppliers can do to attract firms is to finance the
demand for inputs 7*(r). Competition among uninformed suppliers pins down the
trade credit rate r: it is the interest rate »* = (1 +1i)/(¢p/c) — 1 that fetches zero
expected profits for the uninformed suppliers under the belief Prob(r =¢) = 1. It is
straightforward that the equilibrium interest rate r* increases with the cost of funds
i and decreases with the markup p/c.

The strategy of the informed suppliers: Given the firms’ outside option r* = (1 +
i)/(tp/c) — 1, Proposition 1 shows that the proposed strategies for the informed
suppliers strategies maximize their expected profits. In particular, Proposition 1 shows
that ' € (0, 7) if and only if ¢ € (7, t*"°), in which case the informed supplier’s
interest rate is determined by e(r’) = (¢p(1 + r'))/(tp(1 + ") — (1 +0)) = €', 1).
The proof of Proposition 1 also shows that r’ decreases with z.

Firm strategy: Expected profit maximization implies that it is optimal for any type-
t to accept a trade credit offer from an informed supplier if and only if it finances the
demand for inputs at an interest rate ' < r". If this condition is not satisfied or the
informed supplier does not offer trade credit, then it is optimal for the firm to accept
a trade credit offer from an uninformed supplier. Since the proposed strategies of
the informed suppliers imply that they finance purchases of inputs from their most-
favored customers at interest rates that are no higher than r“, it is optimal for all firms
to purchase inputs from informed suppliers.

Part IT (Uniqueness): As shown in Section 2.2, there is no equilibrium in which
firms purchase inputs from uninformed suppliers with a positive probability, because
f > t implies f = E[t|t < 7], which cannot hold under the assumption that F () has
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a strictly positive density for all ¢ € [¢, 1]. Other equilibria exist, nonetheless, if we
allow informed suppliers to randomize their decisions about offering trade credit to
customers with the riskiest type ¢. In our model, the type-t has Lebesgue zero measure
in [z, 1]. Hence, these mixed-strategy equilibria and the equilibrium of Proposition 2
are all payoff equivalents, in the sense that they yield the same payoff for each player.
Setting aside strategies that differ among themselves on trade credit offers to
the riskiest type, the usual candidates for multiple equilibria assign different values
for out-of-equilibrium beliefs of the uninformed suppliers. Accordingly, consider a
candidate for equilibrium in which firms purchase inputs from informed suppliers
with probability 1 and uninformed suppliers believe that the expected type of a firm
that accepts their trade credit offer is £[¢] > ¢. In this candidate for equilibrium, the
interest rate that drives to zero the expected profits of the uninformed suppliers is
r =1 +41)/ (E[1] p/c) — 1. Plugging this interest rate into equation (8) yields the
riskiest type 7 to whom it is profitable for informed suppliers to offer trade credit:

_ 1+1i .
t:L:E[I]>t.

(&) @t _

We conclude that informed suppliers are better off not offering trade credit to
types in the interval [z, E[¢]), breaking down the candidate for equilibrium in which
uninformed suppliers believe that the likely type of a firm that accepts their trade
credit offer is E[7] > t. O

Proors oF ProrosITIONS 3 AND 4. For €(r) # 1, define §(r) = €(r)/(e(r) — 1). The
function §(r) is nonincreasing on r because, from Assumption 2, the elasticity €(r) is
nondecreasing in r. If Assumption 2 holds strictly—that is, €(r) is strictly increasing
in r—then 6(r) is strictly decreasing in r. Given 4(r), we can rewrite the cutoff types
1% and £, which are characterized in equations (9) and (11), respectively, as

£ = §(0) (%) (A +1), (Ad)

F =80 (%) (1 +1). (A5)

It is immediate from equation (A4) that #**“ increases with the cost of funds i
and decreases with the markup p/c. Likewise, equation (AS5) shows that other things
equal, a higher value of i increases f while an increase in p/c lowers 7. There are
indirect effects of i and p/c on £, though. To see that these indirect effects imply that
higher values of i and lower values of p/c rise %' vis-a-vis f, divide equations (A4)
and (A5) to obtain

[ZEI”O _ 6(0)
isoy

(A6)
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Equation (A6) shows that t*"° /7 decreases with §(r*). The fraction 1%’ /f therefore
is nondecreasing in r* and strictly increasing if Assumption 2 holds strictly. Propo-
sitions 3 and 4 thus follow from Proposition 2, which shows that the equilibrium
interest rate " increases with the cost of funds i and decreases with the markup

p/c. O

Proor oF ProposiTioN 5. The F-industry is identical to the economy analyzed in Sec-
tion 2. In particular, Proposition 2 characterizes the equilibrium trade credit strategies
of the F-industry, while equation (A6) in the proof of Proposition 4 determines the
fraction of its firms that pay trade credit rates that decrease with the probability of
success.

A minor modification of Proposition 2 also characterizes the equilibrium strategies
and beliefs of the firms in the riskier G-industry. It suffices to substitute t — ¢ for
t in the proofs of Propositions 1 and 2 to obtain r§; = (1 +1i)/((t — ¢{)p/c) — 1 >
(1+1)/(tp/c) — 1 =r}, where the subscripts G and F refer, respectively, to the
distribution of types G(¢) and F(¢). It confirms that the uninformed trade credit rate
is higher in the riskier G-industry.

Plugging the uninformed trade credit rates ry. and r; into equation (A6) yields

téem _ 8(0) - 6(0) _ t;fm
i 8(rg) — 8(ry fr’

(AT)

with the weak inequality following from r¢, > ry and (r) nonincreasing in r (from
Assumption 2). The inequality (A7) holds strictly if the interest-elasticity increases
with r (i.e., Assumption 2 holds strictly), in which case the proof of Proposition 4
shows that §(r) is strictly decreasing in r. O

Proor oF LEmma 1. Let IT1(B) be the value of the objective function (16), for an
investment B in the diversion technology. IT1(B) is strictly concave in [0, B(1)), where
B(I) is implicitly defined by Q(I — B(I)) = pA(I). Hence, Q'(1) > B is necessary
and sufficient for I1(0) > IT(B) for any B € (0, B(I)). In the interval [B(I), I],
B = I maximizes the objective function because I1(B) strictly increases with B in
[B(I), I]. For the promised payment to be viable, we must have pA(I) < Q(I).
Since Q(0) = 0, viability of the promised payment implies that A(0) = 0. Plugging
B = [ and B = 0 into the objective function of Program (16) and taking into account
that A(0) = 0 yield I1(0) > I1(/) if and only if Q(/)/I = B+ pA(l)/I, proving
that B(I, 8) = 0 solves Program (16) if Q'(1) > B and Q(I)/I > 8+ pA(l)/I.
If 9'(I)> B and Q(I)/I < B+ pA(l)/I, then TI(I) > T1(B) for any B € [0, I),
proving that B(I, §) = I is optimal.

Assume now that Q'(I) < B.If Q'(I — B*) = p for some B* € (0, B(I)), then B*
maximizes I1(B)in [0, B(I)). Plugging B = B* and B = I into the objective function
yields [1(B*) > I1(J)ifand only if O(/ — B*)/(I — B*) = B+ pA(Il)/(I — B¥).As
aresult, B* solves Program (16) if and only if Q'(1 — B*) = 8 and Q(I — B*)/(I —
B*) > B+ pA(l)/(I — B"). If Q'(I —B*)=p and QU — B*)/(I — B*) < B+
pA(l)/(I — B*), then B(I,B) =1 is the optimal diversion. Likewise, B = I is
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optimal if Q'(1 — B) < B forany B € [0, B(I)), because, in this case, I1(B) strictly
increases with B in [0, I]. O

ProoF oF ProposITION 6. As in Section 2, competition among uninformed suppliers
drives their expected profits down to zero. Taking into account this zero-expected
profit condition, the uninformed suppliers’ optimal trade credit contract maximizes
the borrower’s output net of the cost of producing inputs:

{}I}%)E[t][Q(I—B(L B)+ BB, )] — (1 + i)l (A8)
subject to B(I, B) = argmax {max {Q(I — B) — pA(Il), 0} + BB}, (A9)
Be[0,1]
14
A= ——1, (A10)
(£) Eln)
QU — B(I, B)) = pA(I). (A1D)

The objective function (AS8) is the borrower’s expected output, assuming that
it invests B(/, B) in the diversion technology. Equation (A9) ensures that B(/, )
is optimal for the borrower, while equation (A10) implies that trade credit yields
zero-expected profits for the uninformed supplier, considering that it updates the
borrower’s likely type from E[r] to E[t], upon learning that the borrower will not
purchase inputs from its main supplier. Finally, equation (A11) guarantees that the
borrower can pay pA(I) in case its production process succeeds.

We claim that B(/*, 8) =0 in any solution of Program (AS8). To see why,
note first that the Inada conditions imply 7* > 0. Hence, B(I*, ) < I* because
o(I* — B(I*, B)) = 0 makes it impossible for constraints (A10) and (A11) to be si-
multaneously satisfied. Assume, by absurd, that B(I*, 8) € (0, I*). From the proof of
Lemmal, constraint (A11) is not binding at /*, implying that Q"(I* — B(I*, B)) = B
and

o L 9BUT B\ . BUNLP) [
0 B(l,ﬂ»(l iy >+ﬂ - _(H’)(Em)' (A12)

Applying the implicit function theorem to Q'(I* — B(I*, 8)) = 8 obtains
dB(I*, B)/01 = 1. Plugging dB(I*, §)/0] =1 into equation (Al2) yields 8 =
(14 i)c/E[t], which cannot hold because, by assumption, B < (1 +i)c and
Eln < 1. O

Proor or Prorosition 7. Using A(I) = (1 + r*)I and Lemmal, (pI, r*) induces the
borrower to invest the full amount of inputs in the production process if and only if

Q'(I)>p and (A13)
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LD > v pti+r (Al4)

The Inada conditions imply that lim; .o Q(I)/I = Q'(0) = oo and lim;_
Q)1 = Q'(c0)=0. Since Q()/I decreases with [, continuity of
W) =QW)/I - B — p(l+r") implies that there is I(r%,B8) such that
o™, B)/Ir", B) =B+ p(1 +r*), with Q(I)/1 > B + (1 +r") if and only if
I < I(r*, B). Hence, (pI, r*) satisfies condition (A14) if and only if I < I(r*, B),
and concavity of Q(I) implies that I(r“, B) strictly decreases with 8 and r*.

If I*(7") < I(r*, B), then Lemma 1 implies that (pI*(r"), r"*) induces the bor-
rower to invest /*(r") in the production process if and only if Q'(I*(r*)) > B. To
see that this condition holds, recall that the first-order condition that characterizes the
unconstrained optimal investment 7*(r*) is Q'(I*(r")) = (1 4+ r*)p. Taking into ac-
count that 1 +r* = (1 +i)/(E[t]p/c) yields Q'(I*(r*)) = ((1 + N/(E[tlp/e)p >
(1 4+i)c = B, with the first inequality from E [t] <1 and the second one from the
inefficiency of diversion. It then follows that 7*(#") satisfies condition (A13), proving
that (pI*(r*), r*) is the optimal trade credit contract we look for: it prevents the bor-
rower from diverting cash, yields zero-expected profits for the uninformed suppliers,
and finances the borrower’s demand for inputs.

If I(r, B) < I*(r*), then (pI*(r"), r*) does not satisfy the zero-diversion con-
dition (A14). From Lemma 1 and Proposition 1, the optimal contract—call it
(pI*, r*)—must satisfy I* < I(r*, B) < I*(r*). Since Q'(I*(r*)) > B, concavity
of Q(I) implies that Q'(I*) > B, proving that any I* < I(r", B) satisfies conditions
(A13) and (A14). Concavity of Q(/) implies that it is optimal for the borrower to
keep the scale of the production process as close as possible to the unconstrained
optimum. Hence, the optimal contract is (pI(r*, B), r").

To characterize the cutoff 8°'(r"), note first that there are no gains from diverting
cash if 8 = 0. Hence, the unconstrained demand for inputs /*(r") must be part of
the optimal trade credit contract, which can only happen if it satisfies conditions
(A13) and (A14) with 8 = 0. The argument in the previous paragraph thus implies
that 7(r*, 0) > I*(+"). Since I(r*, B) strictly decreases with 8 and conditions (A13)
and (A14) cannot be satisfied at I*(r*) for B sufficiently large, I(r", B) < I'*(r*) for
some f. Standard continuity arguments therefore imply existence of B<°"(r) such
that I(r", Be!(r*)) = I*(r"). The inequalities I(r*, B) < I*(r*) for B > Bo™!(rH)
and I(r", B) > I*(r") for B < B<'(r*) follow from I(r*, B) strictly decreasing
in B. ]

Proor of ProposiTion 8. To prove that the proposed strategies form a PBE, consider
first the strategy of the uninformed suppliers. From Proposition 7, the trade credit con-
tract (pI*(r*, B), r"), where r* = (1 +1i)/(¢p/c) — 1 is optimal for the uninformed
suppliers, given the belief Prob(t = ¢) = 1 and 8 > ™. Hence, the uninformed
suppliers’ strategy satisfies the conditions for a PBE if the belief Prob(t =1) =1
is consistent with the proposed strategies for the informed suppliers and the firms.
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This turns to be true because, in the proposed equilibrium, all firms buy inputs
from their main suppliers, making purchases of inputs from uninformed suppliers
out-of-equilibrium events.

Consider now the firms’ strategies. In the proposed equilibrium, all firms purchase
inputs from their main suppliers. This strategy is optimal for the firms because, in the
proposed equilibrium, informed suppliers bundle sales of inputs with trade credit at
interest rates that are no higher than the maximum level 7 that makes firms indifferent
between the trade credit offers of informed and uninformed suppliers.

Finally, proving that the informed suppliers’ trade credit strategies are optimal
is straightforward once we take into account moral hazard problems change the
informed suppliers’ maximization program only in the outside option of the buyers
of inputs. Introducing moral hazard substitutes 7 for r* in the informed supplier’s
maximization program, which implies that the informed suppliers’ optimal trade
credit contract is as in Proposition 1, with 7 substituting for r*. This trade credit
strategy matches the one in the proposed equilibrium, if we take into account that
uninformed suppliers offer trade credit at the interest rate r* = (1 +i)/(tp/c) — 1.

To prove uniqueness, consider first an equilibrium without rationing in which
uninformed suppliers finance the demand for inputs at an interest rate different
from r* = (1 +1i)/(¢tp/c) — 1. For this equilibrium to exist, r* must be smaller
than (1 +i)/(tp/c) — 1 because from Proposition 7, 8 > B implies I*(r*, B) >
I“((1 +i)/(tp/c) — 1, By only if r* < (1 +1i)/(tp/c) — 1. If this equilibrium
existed, then we would have an alternative for the equilibrium depicted in Proposition
2, contradicting its uniqueness. We thus conclude that, in equilibrium, uninformed
suppliers cannot finance all of the firms” demand for inputs if 8 > <™.

To rule out equilibria in which informed suppliers deny trade to some of their
customers with a positive probability, assume, by absurd, that such an equilibrium
exists, that is, f > ¢, with f = (1 +i)/((1 + 7)p/c) derived in equation (24). Given
f, Bayes’ rules dictates that the likely type of a firm that purchases inputs from an
uninformed supplier is E[¢|t < 7]. It then follows that the interest rate r* that drives
the uninformed suppliers’ expected profit down to zero is r" = (1 +1i)/(E[t]t <
f1p/c) — 1, which, from equation (22), is smaller than or equal to 7. Using this latter
inequality and the equilibrium r* in the definition of 7 yields

Vi 14i 1+
(E)A+n = () A+ (&)

Z)E[t]r<i]

f=

= E[t|t < 1],

which cannot hold because the strictly positive density of F(¢) implies that 7 >
E[t|t < f],forany f > t.

While there may exist equilibria in which the informed suppliers randomize on
whether to provide trade credit to the riskiest type ¢, these mixed-strategy equilibria
and the equilibrium of Proposition 2 are all payoff equivalent, in the sense that they
yield the same payoff for each player. Setting aside strategies that differ among
themselves on trade credit offers to the riskiest type, the usual candidates for multiple
equilibria assign different out-of-equilibrium beliefs for the uninformed suppliers.
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Still, we show below that the consistency requirement of Kreps and Wilson (1982)
implies Prob(s = t|t <) = 1.

Consider a sequence of shocks that induce some types to request trade credit
from an uninformed supplier. Each shock defines an interest rate r“(F")=
1/(p ftl tdF"(t)/c) — 1, where F"(t) is the Bayesian-updated belief under the nth-
shock. Given r*(F™), equation (22) yields the maximum interest rate that informed
suppliers may offer, 7(F"), which, in turn, makes it profitable for the informed sup-
pliers to offer trade credit to any type t > t" = (8, F") = (1 +i)/((1 + F(F"))p/c).
Hence, t" is the riskiest type that may ask trade credit from its main supplier, and
lim,,_, » t" = t. For any type #, the updated distribution F"(¢) is given by

0 F(t)
F'(@) = ml[:«"] + 1>, (A15)

where 1}, ;) is an indicator function that takes value one if # < z and zero otherwise.
Taking limits in equation (A15) yields lim,_, o, F"(¢) = 1 for any ¢, proving that
Prob(tr = t|t < £(B)) = 1 is the only consistent belief. O

ProOF oF ProposiTiON 9. From Proposition 8, 8 does not change the equilibrium
interest rate r“, but, from Proposition 7, it decreases the amount of trade credit that
uninformed suppliers offer, I(r“, 8), further below the firm’s demand for inputs. As a
result, the expected profit of a firm that purchases inputs from an uninformed supplier
decreases with 8, implying, from equation (22), that the maximum trade credit rate
7 that firms are willing to pay for an unconstrained trade credit offer increases with
B. Now, define §(r) = e(r)/(e(r) — 1) to write the safest type that pays the interest
rate 7 (see Proposition 8) as 7 = §(F)(1 + i)c/ p, while the riskiest type that pays zero
interest is t*"* = §(0)(1 + i)c/p. Dividing t*"° by f yields

tZer() _ 8(0)
FsG)’

which is strictly decreasing in §(7). It then follows that t*° /f is nondecreasing in B
because: (i) §(r) is strictly decreasing in €(r) for e(r) > 1; (ii) 7 is strictly increasing
in B; and, from Assumption 2, €(¥) is nondecreasing in 7. If Assumption 2 holds
strictly, then e(F) strictly increases with 7, implying that 1% /7 strictly increases with
8. O
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