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Abstract

In buyer-seller trade relationships, long-term collaboration and payment contract selection
are mutually dependent: While the provision of trade credit to buyers increases the stabil-
ity of trade relationships, its availability varies systematically as relationships evolve. To
explain this reciprocity, we model the optimal provision dynamics of trade credit when the
information of sellers about buyers is incomplete and parties can sign contracts with limited
enforceability. We investigate how self-enforcing relational contracts and formal contracts
complement each other and show how their interaction determines optimal payment contract
choice. We find that payment contracts can be interpreted as screening technologies and
imply distinct learning opportunities for the seller about the buyer’s reliability. When buy-
ers are liquidity-constrained and sellers can verify occurring liquidity problems the screening
properties of payment contracts are sufficient to predict that all transitions that occur be-
tween payment terms lead to the provision of seller trade credit in the long run.
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1 Introduction

A limited enforceability of formal contracts is a recurring challenge to the success of buyer-seller
transactions. Payment contracts provide firms with a tool to shift the risks of contract non-
compliance between trade partners. Relative to the date of shipment these define the timing
according to which the buyer must pay the seller for traded products. On the one side, the
seller can request cash in advance which eliminates the seller’s risk of not receiving payment for
products already delivered but exposes the buyer to the residual risk of not receiving the seller’s
shipment. Conversely, the seller can offer open account payment terms in which case the buyer
needs to pay only after product arrival. This causes a reversion of the residual non-compliance risk
between the buyer and the seller. In international trade, these risks are economically particularly
relevant since the shipment of products over longer distances and across borders costs time. This
implies that the choice of payment contracts goes hand-in-hand with a financing decision over the
working capital involved in a transaction and, correspondingly, a decision over the provision of
trade credit. Banks and insurance firms offer a comprehensive set of trade finance products that
allow to reduce or eliminate the residual risks of contract non-compliance.! However, the share
of global trade falling under their coverage is limited and a substantial share of firms rely on
non-intermediated payment modes despite the ubiquitous challenge of institutional enforcement
deficiencies.?

This self-sufficiency suggests a strong reliance of trade partners on informal, relational mech-
anisms to ensure contractual performance. A large literature documents that establishing long-
termed, trustful trade relationships can help firms to overcome the obstructions of weak insti-
tutions and guarantee contractual performance.®> At the same time, novel empirical evidence

from transaction-level panel data points at a mutual dependence between the payment contract

L An overview on the most relevant products in international trade finance can be found in U.S. Department of
Commerce (2012).

2This reliance has been documented for several countries. Using representative trade data from Chile, Garcia-
Marin et al. (2020) show that more than 95% of export transactions from Chile are taking place on cash in advance
or open account payment terms. Antras and Foley (2015) document a very comparable usage pattern for a large
U.S. poultry exporter. Cufiat (2007) documents that direct lending between buyers and sellers is economically
important not only in terms of trade flows but also in terms of the overall firm liabilities. He shows that for small
and medium-sized firms from the U.S. and the U.K. trade credit accounts for almost 50% of their short term debt.
A review over the reasons for the high prevalence of inter-firm trade credit is available in Petersen and Rajan
(1997), and our findings are complementary to them. They argue that sellers tend to have a financing cost
advantage over traditional lenders due to a better ability to monitor buyers and to enforce credit repayment. In
addition, trade credit gives sellers a device to price-discriminate, assure high product quality, and a tool to reduce
transaction costs across repeat transactions with the same buyer.

3Important insights and a literature review on the role and interplay of formal and informal mechanisms in
enforcing contracts can, e.g., be found in Johnson et al. (2002) and Greif (2005).



choice of firms and the sustained success of their trade relationships. While payment terms
powerfully predict the stability of trade relationships, their choice varies systematically with
relationship age. Antras and Foley (2015) document that the provision of trade credit by sellers
has a substantial impact on the stability of buyer-seller trade relationships and their robustness
to economic shocks. Focusing on the impact of the global financial crisis in 2008, they show
that relationships were more likely to remain active during the crisis when buyers paid for a
larger share of goods on post-shipment terms. Concurrently, the mentioned study as well as
Garcia-Marin et al. (2020) find that while in a large share of new relationships payment is made
in advance of shipment, sellers proceed to offer open account terms more frequently and provide
larger amounts of trade credit to buyers as their relationships mature. This is also consistent
with McMillan and Woodruff (1999), who use firm survey data from Vietnam to show that
prior experience with business partners matters for the provision of trade credit and that more
established trade relationships can be associated with higher provision rates.

To develop a better understanding of this observed reciprocity, we set up a model of repeated
trade between a buyer and a seller who can sign contracts on individual transactions with lim-
ited enforceability. We investigate how relational incentives interact with the seller’s choice of
the trade volumes and the payment terms of transactions when information over the buyer’s
reliability is incomplete. We show how a payoff-maximizing seller can design stage contracts and
adjust them over the course of the trade relationship to resolve contractual and informational
frictions optimally. Our analysis provides novel micro-foundations for the highlighted empirical
patterns and also shows how their validity depends on the quality of information transmission
between trade partners and enforcement institutions in the buyer’s economy.

In a first step, our study shows that payment contracts impact the stability of trade rela-
tionships by providing the seller with distinct learning opportunities over the buyer’s reliability.
Payment contracts can be interpreted as screening technologies and we find that the seller’s in-
formation acquisition about the buyer’s type is faster under cash in advance terms compared to
open account terms. While under the former it is optimal for the seller to propose a stage con-
tract that immediately separates buyers in new trade relationships, under open account terms
the optimal contract pools buyer types and as a consequence information acquisition is more
gradual. A crucial assumption to obtain this result is that time is valuable and elapses between
the seller’s investment in production and the buyer’s revenue realization from product distri-

bution to final consumers. The separating nature of cash in advance contracts imply a lower



stability of trade relationships as these are only accepted by highly reliable buyers. In established
relationships, cash in advance terms also threaten stability due to their inflexibility in adjusting
the size of the buyer’s payment to unforeseen revenue shocks that the buyer may face when
distributing the product. In contrast, under open account the payment size can be conditioned
on final market outcomes which decreases the relationship’s vulnerability to such shocks. At the
same time, since open account terms are less efficient in the selection of reliable buyers, destina-
tion market institutions matter for the enforcement of buyer payment. Our model predicts that
while relationship stability increases with the quality of institutions under open account terms,
they have no effect under cash in advance.

From this screening outcome it follows that the seller’s choice between pre- and post-shipment
payment terms takes place in an inter-temporal trade-off between relationship stability and stage
payoff growth. While the strong screening efficiency of cash in advance terms has a destabilizing
effect on relationships, at the same time the implied learning advantage boosts the profitability
of subsequent transactions under any payment type. We find that whenever trade partners are
patient enough, this trade-off is sufficient to provide unique predictions on how the seller can
choose payment terms optimally over the entire course of a trade relationship. When the seller
finds it optimal to transition between payment terms over time this leads to the usage of open
account terms and thereby to an increasing provision of trade credit as relationships become
more established. In this context, the seller initially exploits the buyer-separating nature of the
cash in advance terms and by subsequently switching to open account he eliminates the risk of
relationship breakdown due to buyer liquidity shocks in future transactions.

Decisive for the optimal usage pattern of payment terms is the seller’s assessment of the
buyer type distribution, as well as the amount of information available about the buyer’s revenue
situation. For both — new and established relationships — the model predicts that the seller will
more likely extend trade credit to the buyer the smaller his belief of getting matched to a reliable
(i.e., patient) buyer in future relationships. While our transition predictions are confirmed by
the external evidence summarized above, we also show that the documented patterns can only be
rationalized when the seller is able to verify the buyer’s revenue realizations from the distribution
of products to final consumers. When this is not possible, the model predicts that requesting cash
in advance from buyers is strictly preferable for sellers in established relationships. Our findings
suggest that information transmission between trade partners plays a key role in explaining the

financing patterns used in inter-firm trade.



In an extension of our model, we incorporate the possibility for the seller to obtain trade
credit insurance from a competitive insurance market. When it comes to international trade,
an important share of transactions with payment intermediation are backed by export credit
insurances (cf. Van der Veer, 2015). In our model, the insurance takes over the risk of non-
repayment of the trade credit and generates value for the seller through the insurer’s expertise
in the screening of buyers. We show that the unique identification of the optimal payment terms
remains possible when insurance is available. When revenue shocks are verifiable for the seller,
the model continues to predict that the provision of seller trade credit increases over the course
of relationships which is consistent with the empirical findings of Antras and Foley (2015).

Our analysis builds on several strands of literature where the first studies the financing
terms of inter-firm trade. It extends the interpretation of trade credit by Smith (1987) who
first acknowledged its role as a screening device for sellers to elicit information about buyer
characteristics. More generally, the paper is related to a literature that sees credit rationing
as a way to screen borrowers in markets with incomplete information (cf. Stiglitz and Weiss,
1981). Our model gives conditions under which, in equilibrium, trade credit is rationed either
temporarily or permanently where in the former case this is due to screening considerations and
in the latter case because financing trade is costly for the seller.

Most closely related to our work is a small set of papers that studies the provision of trade
credit in settings with repeated buyer-seller interaction. Their results are complementary to
ours. The setup of our model features similarities to that of Antras and Foley (2015) who
investigate the impact of a financial crisis in a dynamic model of payment contract choice. While
they also study transitions between payment terms over time their model does not incorporate
that the information acquisition process of sellers differs fundamentally between pre- and post-
shipment terms, inducing structural differences in the optimal growth patterns of transaction
volumes and per-period payoffs. Garcia-Marin et al. (2020) derive conditions under which the
provision of trade credit increases in attractiveness to sellers as their relationships with buyers
mature. While in their model this prediction originates from a financing advantage for sellers
under trade credit terms, it originates from an improved payment flexibility for buyers in our
setting. Fuchs et al. (forthcoming) conduct a field experiment in Uganda to show that restricted
access to liquidity is a key impediment to the business of buyers in developing countries. Like
us, they study in a model of self-enforcing relational contracts how the distribution of products

in developing markets can be implemented optimally in a dynamic setting. While in their work



the buyer’s credit line is fixed over time, in our model the existence and size of the optimal trade
credit line can vary with the age of trade relationships.* Our model variant with non-verifiable
revenue shocks and truthtelling incentivization is inspired by Troya-Martinez (2017) who studies
relational contracting between a buyer and a seller for the situation when trade credit is provided
in every transaction.

Also beyond the context of our application, the paper is related to the literature on self-
enforcing relational contracts (cf. Thomas and Worrall, 1994; Baker et al., 2002; Levin, 2003).
Like us, Sobel (2006), MacLeod (2007), and Kvaloy and Olsen (2009) study the interaction of
formal and self-enforcing contracts in repeated game models when legal contract enforcement is
probabilistic. Closely related to us is Kvaloy and Olsen (2009) who investigate a situation of
repeated investment in a principal-agent setting with endogenous verifiability of the contracting
terms. While in their setting verifiability is endogenized through the principal’s investment in
contract quality in our model the relevance of verifiability itself is endogenized through payment
contract choice. The paper also adds to a growing literature on non-stationary relational con-
tracts with adverse selection, in which contractual terms vary with relationship length. While in
our paper learning about the buyer induces transitions between payment contract types, previous
work has studied non-stationarities in different contexts.’

A further strand of related literature investigates the microeconomic aspects of learning and
trade dynamics which, on the one side, considers applications to topics in international trade and,
on the other side, contains papers of a purely contract-theoretic nature. Araujo et al. (2016) study
how contract enforcement and trade experience shape firm trade dynamics when information
about buyers is incomplete. We share with their work the probabilistic approach to contract
enforcement, and the patterns of information acquisition and trade volume growth predicted by

our model resemble the outcomes of their framework in the special situation when the seller

4Beyond relationship aspects, the economic literature discusses further and complementary channels affecting
the availability of trade credit to buyers. Common membership in business or ethnic networks tends to increase
the willingness of sellers to provide trade credit (see Biggs et al., 2002; Fafchamps, 1997). Also, the level of
competition among sellers is positively associated with the availability of trade credit to buyers (see Hyndman and
Serio, 2010; Demir and Javorcik, 2018). In contrast to our work, these papers do not study the dynamic aspects
of trade relationships.

5Chassang (2010) examines how agents with conflicting interests can develop successful cooperation when details
about cooperation are not common knowledge. Halac (2012) studies optimal relational contracts when the value of
a principal-agent relationship is not commonly known and, also, how information revelation affects the dynamics of
the relationship. Yang (2013) investigates firm-internal wage dynamics when worker types are private information.
Board and Meyer-ter-Vehn (2015) analyze labor markets in which firms motivate their workers through relational
contracts and study the effects of on-the-job search on employment contracts. Moreover, Defever et al. (2016)
study buyer-supplier relationships in international trade in which new information can initiate a relational contract
between parties.



continuously employs open account terms. Rauch and Watson (2003) study a matching problem
between a buyer and a seller with one-sided incomplete information. They derive conditions
under which starting a relationship with small trade volumes is preferable to starting with large
transaction volumes from the very beginning. This pattern features a clear analogy to our model
in which starting a relationship on open account terms corresponds to starting small, and on
cash in advance terms to starting large. Extending beyond the scope of our analysis, Ghosh and
Ray (1996) and Watson (1999, 2002) study agents’ incentives to start small when information is
incomplete on both sides of the market.’

While the main focus of this paper is on the self-financing of trade through the buyer and the
seller, a large literature investigates the rationales of firms to use trade credit instead of credit
provided by external financial institutions. Burkart and Ellingsen (2004) derive conditions under
which trade and bank credit interact either as complements or substitutes with each other. Demir
and Javorcik (2018) interpret trade credit provision as a margin of firm adjustment to competitive
pressures arising from globalization. Engemann et al. (2014) understand trade credit as a quality
signalling device that facilitates obtaining complementary bank credits. Moreover, our work is
connected to a literature on payment guarantees in international trade finance through our
analysis of trade credit insurance. A concise summary of the most relevant work from this field
was recently provided by Foley and Manova (2015).

The remainder of the paper is organized as follows. In Section 2, we introduce the building
blocks of our analysis and, in Section 3, we study supply relationships under cash in advance and
open account payment terms when switches between payment terms are ruled out. Section 4
introduces this possibility and we investigate the seller’s optimal usage of payment terms over the
course of trade relationships. In Section 5, we extend our model and incorporate the availability
of trade credit insurance to the seller. Section 6 translates our most important model outcomes

into empirically testable predictions. The last section concludes with a summary of our findings.

2 The model

The model considers the problem of a seller (“he”) who markets a product through a buyer (“she”)
to final consumers. There exists a continuum of potential buyers with the ability to distribute

the seller’s product. The seller is a monopolist for the offered product and has constant marginal

6Beyond the case of buyer-seller transactions, relationship building has also been analyzed in the context of
different applications. E.g., see Kranton (1996) and Halac (2014).



production costs ¢ > 0. Selling (), > 0 units of the product to the final consumers in period ¢t +1
generates revenue X(Q,,r,) = r,R(Q,) to the buyer, where R(Q,) = Qi */(1 — ). The revenue
function is increasing and concave in the trade volume @Q,, where a € (0, 1) determines the shape
of the revenue function.” Moreover, the revenue generated from the sales of @, is stochastic
and depends on the realization of the revenue shifter r, € {0,1}. We assume that with an i.i.d.
probability of v € (0, 1) the revenue shifter takes value r, = 1 which results in a revenue of size
R(Q,). Otherwise, no revenue can be obtained from sales to final consumers.®

We model the buyer-seller relationship as a repeated game, where in every period ¢t = 0,1, 2, ...
a transaction is performed. The seller can engage in only one partnership at the same time. In
every period, the seller first decides either to continue the relationship with his current buyer or
to re-match and start a new partnership. He then proposes a spot contract C, = {Q,, T}, F,}
to the buyer specifying a trade volume @), > 0, a transfer payment 7, from the buyer to the
seller, and a payment contract, F, € & = {A,Q}, that determines the point in time at which the
transfer 7} is made. Depending on the payment contract, the seller receives the transfer either
before he produces and ships the goods (cash in advance terms, F, = A) or after the buyer has
sold them (open account terms, F, = Q). The contract C, therefore determines the timing of

the stage game which we summarize graphically in Figure 1.

t . Contract C, Payment Q, produced | t+1 R(Qy,7)
Matching signed Ty + shipped [ 777 realized
(a) Transaction timing under cash in advance terms (F, = A)
t t+1
Matching Contract C, Q, produced | ' T . R(Qy,7y) Payment

signed + shipped realized T

(b) Transaction timing under open account terms (F, = Q)

Figure 1: The spot contract C, determines the timing of the stage game.

The timing of the transfer is payoff-relevant because shipment is time-consuming and players
discount payoffs over time. Goods that are produced and shipped by the seller in period ¢ can be

sold to consumers only in the subsequent period ¢+ 1. The corresponding discount factor of the

"Whether the concave shape of the revenue function stems from technology, preferences or market structure is
not important for the analysis below.

8Revenue non-generation can result from a variety of reasons such as unfavorable changes in consumer demand,
or the destruction of the product before the sale to consumers.
Assuming full revenue destruction as the consequence of a negative shock allows us to carve out the main con-
tributions of our analysis most concisely. In the Appendix, we discuss the implications of a more general shock
distribution. There, we allow for arbitrary shock levels and assume that 7, € {r", 7!} with r* > ! > 0.



seller is denoted by dg € (0,1). The buyer comes in one of two possible fixed types, j € {M, B}.
Either she is fully myopic, j = M, with discount factor d,, = 0 and associates positive value only
to payoffs of the current period. Alternatively, the buyer is patient, j = B, with discount factor
dp € (0,1). The assumptions imply that by choosing open account terms the seller extends trade
credit to the buyer while this is not the case under cash in advance terms. Whenever the seller
decides to match with a new buyer he draws her type from an i.i.d. two-point distribution, where
with probability 0 e (0,1) the buyer is myopic, and patient otherwise. We denote the seller’s
belief that the buyer is myopic in period ¢ by 6, and assume that the seller holds the belief 6, = 0
at the beginning of the initial transaction with a new buyer.

Access to sufficient credit and liquidity are key obstacles to the success of firms in international
trade (cf. Manova, 2013; Harrison and McMillan, 2003). We introduce liquidity constraints into
the model by assuming that the buyer goes bankrupt and leaves the market whenever her realized
payoff from a transaction is negative. We can infer from the timing of the stage game that
while the seller can rule out any risk of buyer bankruptcy under open account terms by setting
a revenue size-dependent transfer this is not possible under cash in advance terms where the
transfer payment is made already before the revenue realization.’

In every period, the contract C; can be enforced with an i.i.d. probability A € (0,1). In
our application, for the buyer this corresponds to the probability of not being able to deviate
from making the prescribed transfer 7, and for the seller to the probability of being forced
to produce and ship as agreed upon. The seller cannot observe whether or not contracts are
enforceable in any period. By using this probabilistic approach of contract enforcement we
follow an established literature that studies trade relationships in the presence of heterogeneous
enforcement institutions (see Araujo and Ornelas, 2007; Araujo et al., 2016; Antras and Foley,
2015).

In the following, we summarize the stage game of period ¢ which is repeated ad infinitum.

Stage game timing.

1. Revenue realization. The level of the revenue shifter r,_; is realized and learned by
the buyer and the seller. The product shipped in the previous period generates revenue

R(Q,_1,7,_1) to the buyer from the sale to final consumers.

9Conditioning the transfer on the realization of 7, is possible if either the revenue realization is observable
for the seller, or, if the buyer truthfully reports r, in case the realized value is her private information. In the
main text, we study the public information case. In the Appendix, we solve the model for the situation where the
realization of r, is private information to the buyer.



2. Payment (open account). The buyer decides whether to transfer T, ; to the seller. She
finds an opportunity not to pay with probability 1 — A. Upon non-payment the match is

permanently dissolved.

3. Matching. Whenever unmatched, the seller starts a new partnership. Otherwise, the

seller chooses either to stick to the current buyer or to re-match with a new one.
4. Contracting.

o The seller decides whether to propose a one-period spot contract C, = {Q,, T}, F,} to
the buyer. The contract specifies a trade volume Q),, a transfer 7;, and a payment

contract £,. Upon non-proposal, the match is permanently dissolved.

o The buyer decides either to accept or to reject C;,. Upon rejection, the match is

permanently dissolved.

5. Payment (cash in advance). The buyer decides whether to transfer T, to the seller.
She finds an opportunity not to pay with probability 1 — A. Upon non-payment the match

is permanently dissolved.

6. Production and Shipment. The seller decides whether to produce and ship @, as

specified in the contract. Upon non-shipment the match is permanently dissolved.

For the following, it will be helpful to define by C' = (C;)¢2, the sequence of spot contracts
offered by the seller over the course of the relationship. Moreover, we denote by Q = (Q,):2,,
T = (T,)2,, and F = (F,)2, the corresponding sequences for trade volumes, transfer payments,

and payment contracts, respectively.

3 Payment contracts in isolation

In this section, we study in isolation the two cases where the seller is restricted to choose either
cash in advance or open account payment terms for all periods and rule out switches between
payment terms over time. This corresponds to a situation in which the seller grants trade credit
for either none or all transactions of a relationship. The possibility to vary the trade credit
provision over time is introduced in Section 4 in which the seller can freely choose the payment
terms in the spot contract of any transaction. This expositional approach not only allows us
to highlight the different screening properties of payment contract types but also requires us to

derive two repeated game equilibria that are both relevant in our study of dynamic optimality.



We consider the following strategy profile. In both scenarios, the seller forms a new partnership
whenever unmatched. He terminates an existing partnership if and only if the buyer defaults
on the contract. In any period ¢, the seller chooses a trade volume (), and a transfer profile T}
that maximize his current period expected payoffs.! The buyer accepts the proposed contract
C, whenever participation promises her an expected payoff at least covering her outside option.
The buyer’s behavior with respect to an accepted contract is determined by her type and the
realization of the revenue shifter. The myopic type will deviate from any accepted contract and
not pay the transfer whenever payment is not enforced. In contrast, the patient buyer is patient
enough (by assumption) to never default from an accepted contract as long as she does not suffer
bankruptcy. The employed equilibrium concept is that of sequential equilibrium.!!

To simplify the exposition of our results, we normalize the outside option of the buyer to
zero in the main text. In the Appendix, we show that our results extend to the case where the
buyer’s outside option is positive and, e.g., she can engage in an alternative trade relationship

with a different seller.

3.1 Cash in advance terms

First, we study the case where the seller is restricted to write contracts on cash in advance terms
(A-terms) only, i.e. in any trade relationship F' = (A,...). Under this payment sequence the
seller never provides trade credit to the buyer. The participation constraint of a buyer of type
j € {M, B} in period ¢ is:
A
5j5Q(Qta7"E> -1, 20, (ch,t)

where rp = 7 denotes the expected value of the revenue shifter. The constraint states, that
tomorrow’s expected revenue R(Q,,r) realized from the sale of today’s shipment (), must be
larger than the transfer 7, made to the seller before shipment. Because goods can be sold to
final consumers only in the period following ¢, the revenue is multiplied by the buyer’s discount
factor 0;. Observe that because d,, = 0, the myopic buyer’s participation constraint, (PC?/M),
cannot be fulfilled for any 7, > 0. Consequently, the myopic buyer will never accept any contract
on A-terms and the seller offers a separating contract that only a patient buyer accepts. Hence,

whenever a new trade relationship survives the initial transaction the seller can be certain to be

10Gince we assume that only spot contracts are feasible and switching between payment contract types is ruled
out here, the maximization of the current period expected payoffs implies that the ex-ante expected payoffs are
maximized simultaneously.

" For adverse selection scenarios as we study them here, sequential equilibrium is the relevant notion of equilib-
rium, see Mailath and Samuelson (2006), pp. 158-159.
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matched with a patient buyer and his belief jumps from 6, = 6 to 0, = 0 and remains at this
level for all further transactions with the same buyer.

While a patient buyer accepts any contract on A-terms for which (PC%’t) is satisfied, she may
suffer bankruptcy if her liquidity constraint is not satisfied. For revenue level r, this constraint
is given in period t as:

opR(Qy, 1) — T, > 0. (ch,t)

Clearly, in the situation where r, = 0 the constraint is not fulfilled for any 7, > 0. Since setting
a non-positive transfer is never optimal for the seller, he sets the transfer to T* = 65 R(Q,, )
such that (PC%J) binds and extracts the maximal amount of rents from the patient buyer that
ensure her participation in the contract. In this situation, the seller accepts that the buyer
goes bankrupt when the low revenue state is realized. Acknowledging this transfer strategy, the

seller’s trade volume choice solves the following maximization problem:

» = argmax = T4 — <@, (1)

t
i.e. he sets (), to maximize the difference between received transfer payment and the production
costs. The optimal trade volume and the corresponding stage payoffs conditional on contract

acceptance are given for all transactions on A-terms as:

1
Yog\ © A co
QA:<—CB> , T =1 =QA
Building on the observations above, the ex-ante expected payoffs from conducting an infinite
sequence of transactions on A-terms can be derived from solving the following dynamic pro-

gramming problem:

Vet = (1- 90)7A +dg [7(1 — )Vt + (1 —~(1— 90))‘/0A] ) (2)
VA = 7o [V + -V

Note that a trade relationship with the same patient buyer is productive and continued only if
this buyer does not go bankrupt in the respective transaction, i.e. with probability v. Otherwise,
a trade relationship with a new buyer is started. Solving the programming problem for VOA gives
the seller’s ex-ante expected payoffs under A-terms, IT*. They are:

(1— )7
(1 —0d5)(1 —78yds)

A =

11



Under A-terms, the buyer has to make the transfer before the seller’s production and shipment
decision. Consequently, the seller may have an incentive to deviate and not produce the output,
seize the transfer, and re-match to a new buyer in the next period. To avoid this deviation, the

following incentive constraint of the seller has to hold:
—CQA + 55V1A Z (Ss‘/OA. (ICS)

Lemma 1 provides parameter conditions to ensure that (ICg) holds and guarantees equilibrium

existence.2

Lemma 1. Suppose that o > & € (0,1). Then there exists a repeated game equilibrium that

mazimizes the seller’s er-ante expected payoffs under cash in advance terms, TI*, for all g >

dg € (0,1).

Proof See Appendix. The parameter thresholds SS and & are defined in (A.2) and (A.3),

respectively.

Some remarks on Lemma 1 are in order. For an equilibrium of the repeated game to exist
the stage payoffs generated from the sale of Q* units of the product must be large enough, i.e.
larger than the threshold level implied by & and satisfied for all a > & (since dn/0a > 0).
Otherwise, a deviation by the seller cannot be ruled out since the transaction’s profit margin
becomes negligible and the deviation ensures the seller the full transfer at zero cost. Provided
that a > & holds there exist repeated game equilibria rationalizing the behavior prescribed by
the strategy profile if the seller’s valuation of the stream of transfers from the current buyer is
high enough, as implied by the minimum discount factor 5 5. Proposition 1 summarizes our key

findings on the cash in advance equilibrium.

Proposition 1. Suppose that payment is only possible on A-terms and Lemma 1 holds. Then
the seller proposes a separating contract C, that only patient buyers accept. In every period, the
seller produces and ships the payoff-mazimizing trade volume Q*. The expected stage payoffs
increase from (1 — Go)ﬁA to 7 after the first transaction and stay at this level for the remainder

of the trade relationship. The seller’s ex-ante expected payoffs are TTA.

Proof Analysis in the text.

12To improve readability, the explicit statement and the derivations of all parameter thresholds of the paper are
omitted in the main text and can be found in the Appendix.
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There are several points noteworthy about this equilibrium. First, profit maximization under
cash in advance terms necessarily separates buyer types as these are very demanding for the
buyer. This is demonstrated by the fact that A-terms exclude myopic buyers from cooperation
altogether. For the seller, cash in advance terms have the advantage of excluding any risk of
non-payment and imply that the time-invariant trade volume Q* is optimal beginning with the
first transaction. Moreover, all information about the buyer’s type is acquired immediately with
the acceptance or rejection of the initial contract C,.'> The stability of the trade relationship
with a patient buyer depends depends exclusively on the realizations of the revenue level and is
maintained as long as revenue realizations are high (i.e., r, = 1).

Note also, that optimal contract design under A-terms does not depend on whether the
revenue shock is realized publicly or privately to the buyer. The reason is that under A-terms
the buyer’s contract acceptance as well as her transfer payment decision take place before the
revenue shifter is realized. This implies a contrast to the situation under 2-terms which we study

in the following section.

3.2 Open account terms

Let us now turn to the case where the seller is restricted to write contracts on open account
terms (€-terms) only, i.e. in any trade relationship F' = (£2,...). This case implies that trade
credit is offered to the buyer in all transactions.

In contrast to the case of A-terms discussed above, under 2-terms the buyer can make the
transfer specific to the size of the realized revenue since payment is conducted subsequently. We
denote by T, tQ’h and TtQ’l the transfer that the contract of period ¢ assigns to a high (r, = 1)
or, respectively, low (r, = 0) realization of revenue and denote by ET® = 4T3 + (1 — )T
the expected transfer payment.!* Based on the strategy profile we can write the participation

constraints of the two buyer types for a period ¢ contract as:

’YR(Qt) - ETtQ >0, (PC%,t)
YR(Q,) — )\ETtQ >0, (PCQM,t)

13Note that the separation outcome under A-terms does not hinge on the assumption of a fully myopic buyer.
Inspection of the buyer participation constraints shows that for any 6,, € (0,1), with d,, < dp, a payofi-
maximizing contract can be written that only the more patient type accepts.

14 Alternatively, the seller can also offer a “flat” contract to the buyer specifying a transfer level that is indepen-
dent of the revenue realization. We show in the Appendix, that while this approach is payoff-maximizing when
revenue realizations are private information to the buyer it is payoff-dominated in the public information case.
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where (PC%t) is the participation constraint of the patient buyer and (PCSXM) that of the myopic
buyer, respectively. A comparison of the constraints reveals that under 2-terms it is impossible
to construct a separating contract that would guarantee to select only patient buyers. The
reasons are twofold. First, myopic buyers anticipate to transfer a share of the generated revenue
only if the seller can enforce the contract. This happens with probability A and makes their
PC more lenient compared to that of the patient type. Second, discounting does not affect the
buyer’s participation decision since both, revenue realization and payment for a period ¢ contract
happen in period t 4+ 1. Consequently, any feasible transaction on open account terms involves
a pooling contract.

Suppose now that buyers behave as prescribed by the strategy profile and consider the seller’s
belief on the buyer’s type. If the risk of buyer bankruptcy is ruled out (which the seller does
by setting the state-contingent transfers accordingly, see below) then patient buyers will never
deviate and myopic types do so whenever possible (i.e. they do not make the transfer when
contracts can not be enforced). Hence, if no deviation occurs up to the tth transaction with the

same buyer, the seller’s belief of facing a myopic type in period t is given by Bayes’ rule as:

e ®)
1—0(1—\)

Using equation (3), the payment probability in period ¢ of a relationship can be written as
A, 0,0) =1—602(1—A) = [1—6(1 — A1)]/[1 — 6(1 — A1)] = A,. Note that lim, 6% = 0 and
lim, , . A, =1, i.e. as the relationship with a buyer continues the seller’s belief of being matched
with a myopic type converges to zero while the associated payment probability converges to one.
In the following, we will refer to this limiting situation in which the seller is sure to be matched
with a patient buyer as the full information limit.'>
Equipped with this notion of belief formation and updating, the seller’s expected stage payoff

function takes the following form:
T =gl [’YTtﬂ’h +(1— ’Y)Tts“] — Qs (4)

While the seller has to bear the costs of production cQ), already in period ¢, he receives the

150ur concept of probabilistic contract enforcement (defined in section 2) assumes implicitly that the seller is
not able to distinguish whether payment follows from the intrinsic motives of the (patient) buyer, or whether
institutions enforce the (myopic) buyer’s compliance with the contract. In the Appendix, we show that our
qualitative findings on payment contracts (which we summarize in section 3.3) remain valid when the seller can
make this distinction and is able to observe when courts are used to enforce payment. In doing so we are able to
account for the observations of Macaulay (1963) who documents that business relationships often die once courts
are used to enforce contract terms.
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expected transfer A, ETS? only in the following period which is therefore discounted by &g.
Under open account terms, when deciding on the revenue-contingent transfers 7, tQ’h and Ttg’l

the seller faces two challenges. First, he must ensure that the patient buyer’s liquidity constraint

is fulfilled for both possible realizations of the revenue level. Formally, the following constraints

must hold:

R(Qt? 0) - Ttﬂ’l > 0’ (LC%:D
R(Q, 1) =T > 0. (LCST)

Since the buyer can foresee that she will go bankrupt upon payment of the transfer when the
respective liquidity constraint does not hold, she will instead keep the revenue for herself in this
situation and accept that the relationship is discontinued (as prescribed by the strategy profile).
This also implies that it is optimal for the seller to offer a contract with revenue-contingent
transfers.

Second, it is not enough to merely account for the participation and liquidity constraints to
guarantee that the patient buyer does not deviate from the contract. In addition, she must be
incentivized by the expected payoffs of future transactions to pay the transfer instead of seizing
the period’s entire revenue and accept being re-matched. Formally, this gives rise to the following

revenue state-contingent incentive constraints:'6

)

—TtQ’l 1 —B(SB [YR(Q,) — ET{*] > 0, (IC%’D
)

—Ttﬂ’h + 1 B(SB [YR(Q,) — ET{*] > 0. (IC%’?)

The following Lemma 2 derives conditions that ensure the buyer to behave according to the

strategy profile, while maximizing the seller’s stage game payoffs.

Lemma 2. Under Q-terms, the seller sets transfers T = 0 and T8 = d5v/(1 — 65(1 —
Y)R(Q,). Thereby, he rules out the buyer bankruptcy risk, makes the patient buyer indifferent

between paying and not paying the agreed upon transfer in any revenue state and maximizes his

own payoffs.

Proof See Appendix.

16We assume that buyers are unaware of the seller’s belief formation process and expect the terms of future
contracts C,, with k > t, to be identical to those of the contract signed in period ¢. This assumption implies
that the buyer conditions her behavior on the same information set under both, A- and Q-terms, which generates
valuable tractability for the analysis in Section 4.
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Acknowledging the results of Lemma 2, the seller chooses the trade volume in period t by
maximizing the following variant of (4):

5B’Y2

Q _ SN, TR(Q,) — here T =-——"—.
Qy argrré?atx sMTR(Qy) — cQy, where 1—dp(1—")

The optimal trade volume Q% and the corresponding stage game payoff 7§ in the tth trans-

action with a buyer on open account terms can be calculated as:

0T A a co
Q= (=), A —ap

c t1—a

We define the trade volume and stage payoffs at the full information limit as Q% = lim, ,. Q! =
(65T /)Y and 7T = lim, , i = Q%ca/(1 — a), respectively.!?
The seller’s ex-ante expected payoff from a trade relationship on open account terms, I,

can be obtained from solving the following dynamic programming problem for V{*:
VE>0: Ve =7 405 (A VE + (1 AV (5)

In the Appendix, we derive the following solution to this problem:

1—0gA
I = S —Q 5t (1 _ )\t))

We summarize our findings on the open account equilibrium in Proposition 2.

Proposition 2. Suppose that payments are only possible on 2-terms. Then the seller proposes
a pooling contract to the buyer and updates his belief as prescribed by 05 as the relationship
proceeds. Based on this belief, the trade volume QS (the ewpected stage payoffs w') increase
gradually with the age of the relationship and converge to the full information level Q% (? ).
The ex-ante expected payoffs of the seller are 1%

Proof Analysis in the text.

3.3 Discussion

A comparison of the results of Sections 3.1 and 3.2 reveals important differences between cash in
advance and open account payment terms. On the one side, they can be summarized as features
related to the learning process about the buyer, and to the risks of relationship breakdown on

the other side.

1"For later use, note that the expected stage payoffs under belief 05 can be rewritten as an expression that is

proportional to the stage payoffs at the full information limit, i.e. 7! = A” 7,
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Figure 2: Trade volumes and expected stage payoffs (at the contracting stage).

First, consider the learning process about the buyer in a new relationship. Under cash in
advance terms, the seller optimally offers a separating stage contract that immediately reveals
the buyer’s type. In contrast, immediate separation is not possible under 2-terms where the
payoff-maximizing stage contract necessarily features the pooling of buyer types. In this case,
type information is acquired only gradually over time through the Bayesian updating process (see
equation 3). Type separation under A-terms translates into a comparably high trade volume Q*
from the very first transaction while trade volumes under Q2-terms grow over time and converge
to the belief-fee level Qf? as the relationship matures. This has immediate repercussions on
the development of the expected stage payoffs over the course of a trade relationship. While
under A-terms the expected stage payoffs jump immediately after the first successful transaction
from (1 — HO)ﬁA to 7 and remain at this level for all following periods with the same buyer
they increase at a strictly slower rate under (-terms as determined by the Bayesian updating
process up to the level 7l Figure 2 summarizes graphically the evolution of trade volumes and
the seller’s expected stage payoffs over the course of a trade relationship. The figure shows the
payoff expectation as formed at the beginning of the contracting stage in the ¢th transaction
with the same buyer.'®

Second, let us compare the risks of transaction failure across payment terms. Under the

"¥Note that lims, ., lims ,; Q® = Q* and lims, , lim;s_ 7! = 7, ie. the trade volumes and stage

payoffs at the full information limit under A- and Q2-terms converge as both, the seller and the patient buyer
become very patient. In any other case we have Q9 < Q* and 7 < 7T Figure 2b depicts the situation
where at ¢ = 0 the expected stage payoff is larger under €2- than under A-terms which holds true if and only if
a>InA,/In(1—6,) € (0,1). The reverse scenario can also occur in equilibrium.
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considered strategy profile, transaction failure directly corresponds to the breakdown of the trade
relationship with a buyer. It turns out that while under A-terms transaction failure is triggered
by buyer characteristics (i.e., her type and/or liquidity status) under Q-terms the institutional
environment in which the transaction takes place is decisive. Under the latter, a transaction
can be unsuccessful only if contracts cannot be enforced which induces the non-payment of the
transfer in a match with a myopic buyer. In contrast, A-terms do not involve any payment risk
for the seller since the transfer is made already before production and shipment. However, the
latter can still result in an unsuccessful transaction in case of a match with a myopic buyer which
leads to buyer non-participation. In addition, while low realizations of the revenue shifter cause
relationship breakdown under A-terms due to buyer illiquidity, this never occurs under Q)-terms
where the optimal transfer conditions on the size of the realized revenue.

Ex-ante to contracting, the probability of transaction failure in period ¢ is given for payment
contract type i € F and belief §, as P* = 1 — (1 —6,) and P = 6,(1 — \), respectively.
Evidently, it holds that P} < PtA and, moreover, the seller can benefit from a smaller risk of
transaction failure under Q2-terms the stronger contracting institutions are.

As a consequence, when deciding whether or not to provide trade credit to a new buyer (i.e.,
whether or not to offer payment on Q-terms) the seller has to weigh the relationship stability-
enhancing advantages of trade credit with the associated, comparably slow learning process about
the buyer and the corresponding moderate growth of stage payoffs on the equilibrium path. In
the following section, we study how the seller can manage this trade-off between relationship

stability and stage payoff growth efficiently.'®

4 Dynamically optimal payment contracts

4.1 Main results

We now study the seller’s optimal choice of payment contracts when he can separately decide
between A- and -terms — and hence about the provision of trade credit — for every period of
the repeated game, i.e. F, € F for all t > 0. This will give us an understanding of how the inter-
temporal trade-off outlined in the previous section affects and determines the optimal choice of

payment contracts in the dynamic context.

9Tn Appendix A.2, we show that this trade-off remains an important determinant of payment contract choice
also when revenue realizations are private information to the buyer.
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Definition The sequence F' that maximizes the seller’s ex-ante expected payoffs from the trade

relationship is called the dynamically optimal sequence of payment contracts (DOSPC).

Determining the DOSPC from a direct comparison of all available sequences is impossible
since this set contains infinitely many elements as a consequence of the infinite time horizon of
the game. However, simple parameter refinements allow us to endogenously reduce the set of
possibly optimal sequences to three elements while maintaining the presence of the inter-temporal

trade-off outlined in Section 3.3.

Proposition 3. For all parametrizations of the model satisfying the constraints a > a € (0,1)
and dg > 05 € (0,1) there exists a unique 64 € (0,1) such that for all 6g > d4 we have
Fe{A,.)(9Q.),AQQ.)}=FP as the DOSPC.

Proof See Appendix. The parameter thresholds a, d, and § 5 are defined in (A.10) and (A.11).

The parameter constraints used to derive Proposition 3 address two distinct incentive prob-
lems. The first addresses the seller’s motivation to switch between payment terms over the course
of a trade relationship. In our proof, we begin by analyzing optimal payment contract choice for
the limiting initial beliefs, i.e. for 6, — 0 and 6, — 1. We show that in the initial transaction
of a new trade relationship usage of both, A- and Q-terms, can be optimal and hence, switches
away from either payment modality over time must be considered.?’ In this context, observe
that any relationship that starts on A-terms reaches the full information limit after the first
successful transaction. Consequently, given that the first transaction is conducted on A-terms,
either the sequence (A, ...) or (A;Q,€,...) must be optimal. Finally, we show that whenever the
trade relationship starts on -terms, switches to A-terms in later periods are never optimal for
the seller. Intuitively, this is the case because the informational gains under )-terms relative
to those under A-terms are smallest in the initial transaction. Hence, whenever Q2-terms payoft-
dominate in the initial transaction for the seller, they also do so in later periods. Note that a
necessary requirement for any sequence other than (A, ...) to become optimal is that the seller
is sufficiently patient, as payment under 2-terms occurs only in the following period. For this,

dg > 0 is a sufficient condition.

2When 6, — 1, i.e. in the situation where all buyers are myopic, choosing A-terms is never profitable as
any contract on such terms will never be accepted by myopic buyers. Conversely, under 2-terms seller profit
expectations are positive, as myopic buyers accept the stage contract in which case institutions enforce the transfer
with positive probability. Hence, F' = (2, ...) is optimal in this case. When 6, — 0, all potential buyers are patient
and accept contracts on A-terms. In this case, advance payment makes the seller strictly better off than open
account (since, on the latter terms, the seller receives payment only one period later). Consequently, F' = (A, ...)
is optimal for the seller.
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A second set of incentive constraints is concerned with the non-shipment deviation that the
seller may find optimal under A-terms. For the given set P, such deviations may occur for the
sequences (A, ...) and (A, €, €, ...). While Lemma 1 contains the relevant parameter constraints
on o and dg for the former sequence, in Proposition 3 we derive additional, equivalent conditions
for the latter. Ensuring product shipment for F' = (A, 2,2, ...) in the initial transaction addition-
ally requires that the discount factor of the patient buyer is high enough (65 > d5). The reason
is that the expected buyer payment under Q-terms, ET? in periods ¢t > 0, depends positively on
her discount factor. Hence, low values of d; make shipment for the seller less attractive as his
expected payoffs under Q-terms in later transactions are small.

Summing up, Proposition 3 uncovers that when the trade partners are patient enough and
when trade is profitable enough for the seller (as implied by a > «) the trade-off between
relationship stability and information acquisition about the buyer outlined in Section 3.3 is
sufficient to reduce the set of feasible DOSPCs to . The following Corollary 1 goes one step
further by showing how the seller can resolve the trade-off efficiently and demonstrates under
which conditions either of the sequences is dynamically optimal. It turns out that this critically

depends on the distribution of buyer types (and, correspondingly, the seller’s initial belief 6,)).

Corollary 1. (a) Under the conditions of Proposition 3 there exists a unique belief threshold
0, € (0,1) such that the DOSPC is F' = (A,...) if 0, < 8,. For both sequences F €
{(A,92,9Q,...),(9Q,...)} there exist parameter values 0y € (0,,1) such that either of the two
is optimal. For 0, — 1, the DOSPC'is F = (1, ...).

(b) If in addition to the conditions of Proposition 3 it holds that a > @ € (0,1) and \ <
X € (0,1), then there erists a unique 6, with 0 < 0, < 0, < 1 such that the DOSPC is
determined as follows:

— F=(A,..)if0, <0,
- F=(AQ9,..) if 0 € (0,0,
— F=(Q..) if 6, > 0,.

Proof See Appendix. Parameter thresholds available in explicit form are defined in (A.8) and

(A.13).

Figure 3 provides a graphical summary of the results in Corollary 1. It shows the seller’s

ex-ante expected payoffs resulting from any of the payment sequences in F P as a function of the
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seller’s initial belief that the buyer is myopic, 6,.2 For given 6, € (0,1), the seller will choose
the payment sequence which gives him the highest ex-ante expected payoffs (as indicated by the
solid line segments). We find that for both — new and established relationships that survive the
initial transaction — the usage of -terms and therefore the provision of seller trade credit is
more likely optimal the higher belief 6, and correspondingly, the larger the population share of

myopic buyers.?? We elaborate on the reasons for this pattern in the following.

Iy

0 QO 50 1 0o

Figure 3: Ex-ante expected payoff functions in 6,-space.

Consider first the situation in a newly matched buyer-seller relationship. Given the sequences
in the set P, exclusively the design of C, determines how the inter-temporal trade-off between
relationship stability and payoff growth is resolved optimally. Corollary 1 shows that the mit-
igation of relationship breakdown risks is more likely prioritized to acquiring new information
about the buyer the higher the initial belief 6, of drawing a myopic buyer. If 6, is large then
conducting an initial transaction on A-terms is unlikely successful since only a small share of
patient buyers will accept a contract on these payment terms. This reduces the ex-ante expected
payoffs associated with the sequences (A,...) and (A,€,€2,...) and makes their optimality less
likely.

In order to understand the rationale for varying payment terms over time it is necessary and

sufficient under the restrictions of Proposition 3 to focus on the situation where A-terms are used

21Figure 3 shows the situation under the conditions of Corollary 1(b).

22To be precise, for new relationships this pattern follows only under the parameter conditions of Corollary 1(b).
The upper bound on institutional quality, A < X, ensures that IIf? is strictly concave in 6, which guarantees the
uniqueness of 50. Intuitively, when the likelihood of contract enforcement is low the profitability of trade under
Q-terms is highly dependent on the distribution of buyer types which disciplines the dependence of the profit
function IT** on the seller’s initial belief .
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initially. This is because the only sequence in F P that contains switches between payment terms
over time is F' = (A, Q,Q,...). While the expected stage payoffs in a non-initial transaction are
larger under A-terms (i.e., T > ﬁﬂ), continuing the relationship on A-terms retains carrying
the risk of loosing a certainly patient buyer due to a newly arising liquidity problem. For this
additional trade-off, Corollary 1 predicts that switching to Q2-terms after the initial transaction
and thereby eliminating the remaining breakdown risks is preferable to obtaining a high level of
stage payoffs under full information when the likelihood of finding another patient buyer is low
(i.e., when 6, > 6,). In this situation, loosing the current buyer is a threat of high economic
relevance to the seller and, as a consequence, he rather accepts lower stage payoffs and offers
trade credit instead of risking to loose the patient buyer that he is currently matched with.
Conversely, when the probability of finding a patient buyer upon relationship breakdown is high
(i.e., when 0, < 6,)) the seller does not find it threatful to loose his current buyer and continues

business on A-terms throughout, i.e. employs F' = (A, ...).

4.2 Discussion

Our model proposes a novel, dynamic mechanism to explain the substantial provision of trade
credit by sellers and its availability to buyers engaged in international trade. It predicts that
sellers are more prone to provide trade credit to their business partners the harder it is for them
to find a reliable, patient buyer in the destination market and the more established the trade
relationship with a particular buyer becomes. The reason is that compared to A-terms, under
Q-terms the stability of the trade relationships is not threatened by potential buyer liquidity
problems which is particularly valuable when finding a reliable buyer is difficult. Stated differ-
ently, providing trade credit allows the seller to insure the trade relationship against breakdown
due to unfavorable changes in buyer revenues. Whenever the seller increases the provision of
trade credit to a buyer over time this originates from a learning effect about the buyer’s type on
the one side and causes the elimination of residual relationship breakdown risks due to potential
buyer illiquidity on the other side.

In addition, the analysis shows that the different types of payment contracts can be in-
terpreted as distinct contract enforcement technologies. While under 2-terms enforcement is
ensured by publicly available institutions, under A-terms it is ensured privately through the de-
sign of the contract terms which are only acceptable to reliable, patient buyers. For new trade

relationships, our theory predicts that whenever the share of patient buyers is small then relying
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entirely on buyer selection to ensure payment (i.e. choosing A-terms for the initial transaction)
is inefficient as any relationship with a myopic buyer fails immediately. In contrast, the “softer”
screening under (2-terms also allows these buyers to take up possibly productive trade relation-
ships which has a stabilizing effect on the expected payoff stream of the seller. Overall, we show
that acknowledging the screening properties of payment contracts allows to derive unambigu-
ous recommendations on how a seller can efficiently resolve the corresponding trade-off between

relationship stability and stage payoff growth.

5 Trade credit insurance

The provision of trade finance through banks and insurance firms is an important, additional
driver for the growth of firms’ trade volumes (cf. Amiti and Weinstein, 2011). As an example
of external trade finance, we discuss the impact of the availability of trade credit insurance on
dynamically optimal payment contract choice in this section.

Instead of taking the risk of buyer non-payment in an open account transaction in period ¢
himself, the seller can rule it out by employing a trade credit insurance (F, = I). We assume
that such an insurance is available to the seller from a perfectly competitive insurance market
and that the insurance fee I, for the transaction in period ¢ can be separated into a fixed and a

variable component which is given by:
I, =m+6g(1 — ADET,,

where the fixed (and time-invariant) component m > 0 covers setup and monitoring costs that
the insurer incurs for managing the transaction. The second addend represents the variable
component that depends on the size of the insured expected transfer, ET,.?3 Tt is weighted by
the probability of non-payment 1—Al, where Al denotes the payment probability when in the tth
transaction of a trade relationship is conducted under insurance. Moreover, because potential
payment default occurs only in ¢ + 1 the variable component is discounted. For analytical
simplicity we assume the insurer’s discount factor is equal to that of the seller, d5. Finally,

because the insurer has a vital interest that the buyer does not default on the contract it will

23We assume that in case of buyer non-payment, the insurance reimburses the seller the factually forgone transfer,
i.e. the insurer pays out Ttg’h when r, = 1, and Ttﬂ’l otherwise, which is consistent with perfect competition
assumption for the insurance market.
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engage in buyer screening itself before granting a credit insurance.?* We model this aspect by
assuming that initially using a trade credit insurance reduces the proportion of myopic types
in the population to gl = gbé, where ¢ € (0,1) is an inverse measure of the insurer’s ability to
screen out myopic types. Hence, the seller’s belief to face a myopic buyer in the ¢th transaction
on insurance terms is determined via Bayes’ rule as 1 = 6'\! /[1 — (1 — A!)], and the probability

of payment in ¢ is given as Al =1 —6L(1 — \).%

5.1 The optimal spot contract with insurance

We employ the same strategy profile as in the baseline scenario. In addition, we assume that the
seller terminates the trade relationship and matches with a new buyer whenever the buyer does
make the transfer and the insurance repays instead. The participation constraints of the two
buyer types under insurance are the same as in the open account scenario. Also, the incentive
constraints for the patient buyer to conduct payment are the same as under open account leading
the seller to request the same transfer profile from the buyer (i.e. Lemma 2 applies directly).
The optimal trade volume in period ¢, Q}, is hence determined by maximizing the following stage

payoff function:
Q! = arg Iré?ax 0sTR(Q,) —cQ, — I, = arg IICIQaX SsMTR(Q,) — cQ, —m,

where the second equality holds since the insured expected transfer is ET, = T R(Q,).
Observe that even though the insurance eliminates the risk of non-payment, the probability
of payment Al still indirectly affects the seller’s maximization problem through the variable fee

component. The optimal trade volume @} and the corresponding stage payoffs 7} are:

Q%Z(dsm)a7 m=Q- "

c 1 -«

24This assumption is endorsed by the fact that trade credit insurers such as Euler Hermes and AIG advertise
their insurance services with their expertise in monitoring the reliability of transaction counterparts.
Our specification of the insurance fee follows the formalization of the letter of credit contract by Niepmann and
Schmidt-Eisenlohr (2017). Its size follows from the perfect competition assumption for the insurance market which
implies that the insurer makes zero profits. Since the introduction of banks as additional strategic players would
render our dynamic model intractable we refrain from discussing the details of other forms of trade finance such
as documentary collections and letters of credit in this paper and focus our study on the impact of the insurance
on the seller’s payment contract choices.

25In addition to having a superior ability to screen buyers, the insurance firm may be more proficient than the
seller in enforcing the contract in court (e.g., due to an specialized legal department). In the model, such an
ability can be introduced by assuming a higher value of the contract enforcement parameter A under insurance.
For a given belief 6! a stronger enforcement ability of the insurer then implies a smaller insurance fee I, in a
perfectly competitive insurance market, which further increases the attractiveness for the seller to use trade credit
insurance. In our analysis, we focus on the buyer selection channel.
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5.2 Dynamically optimal payment contracts with insurance

In any period ¢, the seller can now freely choose not only between cash in advance and open
account terms but can alternatively decide to use a trade credit insurance, ie. F, € F+ =
{A,Q,T}. In the following, we study how the availability of insurance affects the set of feasible
dynamically optimal payment contract sequences. In fact, under the parameter restrictions of
Proposition 3 the set of possible DOSPCs is extended by one unique element in the presence of

insurance terms.

Corollary 2. Let F, € F* for all t > 0. Under the conditions of Proposition 3, it holds that
some F € TP U, Q,Q,...) = FPT is the DOSPC. The seller’s ex-ante expected payoffs for the
sequence F' = (I,Q,Q,...) are given by:

B 1—6gA
1= 8gA—6g05(1— )

I —m A7) SL(AD T (1 —0h(1—AD) | .
t=0

Proof See Appendix.

The proof of Corollary 2 establishes that F' = (I,,,...) is the only additional sequence
that can become dynamically optimal. This is because, first, I-terms are payoff-dominated
by Q-terms at the full information limit and after the initial play of I-terms and, second, the
informational benefit from insurer screening is largest in the initial period. The proof argues
that the parameter requirements imposed in Proposition 3 are sufficient to establish that FPF
is the full set of feasible DOSPCs when insurance becomes available. Acknowledging that some
F € 7P+ is optimal, the following Corollary 3 gives conditions under which insuring the initial

open account transaction is payoff-maximizing for the seller.

Corollary 3. Suppose that the parameter constraints of Corollary 1 are satisfied. Then for any
level of insurer screening efficiency ¢ € (0,1) there exist threshold levels m > 0 and 50 € (0,1)
such that for all m < m and all 6, > 50 the sequence F = (1,Q,9,...) is the DOSPC. If m > m,
then F € FP.

Proof See Appendix. For parameter threshold 7 an explicit solution exists and can be found

in (A.15).

Corollary 3 shows that no matter how efficient the insurer is in screening the population

of buyers there always exists an upper bound of insurance fixed costs m > 0 below which the
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seller finds it optimal to use F' = (I,, €2, ...), provided that the marginal impact of the insurer’s
screening activity is high enough (i.e. the share of myopic buyers in the population is large
enough). Conversely, when the fixed costs of the insurer are too large (i.e., when m > m)

insurance is never optimal for the seller and the set of possible DOSPCs reduces to 7.

6 Testable predictions

Our analysis rationalizes the empirical patterns on relationship stability and the usage of pay-
ment contract from Antras and Foley (2015) and Garcia-Marin et al. (2020) as summarized in
the introduction. At the same time, we further qualify their empirical results by showing how
they rely on the institutional properties of the destination market as well as on the informa-
tion exchange between trade partners. We summarize the key predictions of our model in the

following.

Prediction 1. A trade relationship (irrespective of its age) is more stable and more likely survives
from one transaction to the next when payment is conducted on 2-terms as compared to A-terms.
With a better quality of contract enforcement institutions in the destination market, relationship

stability increases under Q-terms and is unaffected under A-terms.

In our model, the higher relationship stability under 2-terms originates from the fact that
only under these terms the likelihood of buyer contract compliance benefits from institutional
enforcement, and from the repayment flexibility that Q-terms give the buyer with respect to
revenue shocks (as, e.g., implied by variations in final consumer demand). Thereby, we show
how shocks and relationship default systematically interact with the choice of payment terms and
provide a theoretical micro-foundation to the reduced-form analysis of Antras and Foley (2015).
Relatedly, we provide an argument why even in the absence of a large macroeconomic shock
(affecting contract compliance under both, A- and Q-terms) one should expect larger relationship

26 We find that optimal contract design attenuates the

discontinuation rates under A-terms.
impacts of unanticipated shocks under Q2-terms but does not do so under A-terms.

Building on these patterns, Prediction 1 also underscores that better contract enforcement

26Motivated by the global financial crisis in 2008, the analytical focus of the dynamic model in Antras and Foley
(2015) is on the impact of large macro-level shocks on relationship stability under different payment modes. While
demand shocks in their framework reduce seller stage payoffs proportionally and cause relationship breakdown
under either payment mode, our findings at the contractual level suggest that the seller’s ability to condition
transfer payments on shock outcomes under 2-terms makes trade relationships systematically more stable under
these terms.
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institutions increase the relationship stability under Q2-terms by constraining the non-payment
opportunities for buyers. In contrast, better institutions have no such effect under A-terms.
The reason is that advance payment enables the seller to efficiently screen buyers for their
reliability and thereby makes institutional contract enforcement redundant. This differential
effect of institutional quality remains to be tested in future empirical work.

For a given seller with initial belief §,, the model predicts a unique DOSPC. Across individual
sellers the ex-ante assessment of the buyer pool is likely heterogeneous and, e.g., does depend
on the seller’s experience in the destination market (cf. Araujo et al., 2016). When the initial
beliefs of sellers in an industry are sufficiently dispersed and — in model terms — some sellers do
have “moderate” and fixed initial beliefs with 6, € (6,), 0,), then the model provides the following

industry-level predictions.?”

Prediction 2. When sellers can verify buyer revenue shocks, at the industry level the relative
usage of Q-terms to A-terms increases with the age of trade relationships. When shocks are

non-verifiable, the usage of Q2-terms does not increase with relationship age.

When revenue shocks are public information, in our model the main rationale to increase
trade credit provision over time is to strengthen the resilience of relationships to revenue shocks.?®
While this leads to qualitatively comparable predictions on payment term transitions as in Antras
and Foley (2015) the mechanism that underlies the choice dynamics in our model is fundamentally
different: In the mentioned paper transitions are generated from the differential efficiency of the
banking system in the seller’s and the buyer’s economy. In contrast, we show that the prediction
remains valid when abstracting from specific properties of the financial system and institutional
differences between countries. We argue that the outlined transitions are a direct consequence
of optimal contract design when buyer revenue information is available to the seller.

The transition dynamics described above find empirical support in the transaction-level trade
data analyzed in the mentioned papers which underscores the practical relevance of the public
information case of our model. For the markets studied there, our model suggests that sellers
are well-aware of the revenue situation of buyers as, e.g., implied by the demand fluctuations of
consumers in the local buyer economy. Our model extension in Appendix A.2 points out that
when sellers cannot verify the buyer’s revenue situation they loose important flexibility to design

an incentive-compatible repayment scheme under Q-terms which makes providing trade credit

2"Prediction 2 follows from combining the theoretical results of Corollary 1 and Lemma A.2.
28For details on the inter-temporal choice mechanism, see the discussion in Section 4.2.
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less attractive. For this case, the model predicts that in established trade relationships sellers
will never find it optimal to offer trade credit to their buyers. While the prediction on how
information availability and payment term selection in trade relationships interrelate is clear cut
in our model, a direct empirical test of Prediction 2 is difficult. Even though controlling for
information transmission between firms may be impossible with observational trade data, an
experimental setting appears to be a promising avenue to bring our informational predictions to

an empirical test.

7 Conclusion

In this paper, we have used external evidence on the usage of payment terms in inter-firm trade
relationships to motivate a theoretical analysis on how sellers can employ payment contracts to
improve the efficiency of buyer-seller cooperation. We have developed a relational contracting
model in which trade volumes and payment terms of transactions are determined endogenously,
and buyer payment compliance as well as the enforcement of formal contracts are uncertain. We
have shown that pre- and post-shipment payment terms inhibit structurally different learning
opportunities for the seller, allowing to address and improve the efficiency of trade relationships.
Deciding on whether or not to provide trade credit requires the seller to prioritize between the
stability and the profitability of the exchange relationship with a buyer. We have shown that the
seller can resolve this trade-off in an optimal way by assessing the distribution of buyer types,
based on which new trade relationships are formed.

While it is reassuring that our model can rationalize important empirical evidence on the
dynamics of firm payment contract choice (cf. Antras and Foley, 2015), the results also suggest
that the generality of the usage patterns documented in their work is limited. We have found
that only if the seller can obtain reliable information on the revenues that the seller makes from
final consumers can it be optimal for him to increase the provision of trade credit over time.
Also beyond the topic of payment contracts, this qualifying finding points at the important role
that the verifiability of information plays for the structure and evolution of trade patterns and
relationships. While reliable measures on the information transmission between trade partners
may be difficult to obtain from observational data, an experimental research setup in the field
or the laboratory can offer a fruitful approach to bring our predictions to an empirical test.

While for the largest part of this paper the analysis has focused on the non-intermediated

payment modes of cash in advance and open account, trade finance products provided by banks

28



and insurance firms are also of practical relevance (cf. Niepmann and Schmidt-Eisenlohr, 2017).
Our paper incorporates external forms of trade finance into the discussion by analyzing and
identifying the impact of trade credit insurance on the dynamically optimal choice of payment
contracts. While we show that the main mechanisms of our model are robust to the avail-
ability of such an insurance, a promising avenue for future research is to further explore the
micro-foundations of other relevant types of external trade finance such as letters of credit and

documentary collections in a dynamic contracting framework.
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A Theoretical appendix

A.1 Proofs
Proof of Lemma 1

At the Production and Shipment stage (6) of any period the seller will not deviate from the
contract if and only if (ICg) holds. The seller’s incentive constraint ensures that making the
effort to produce the contracted output plus the continuation payoff from the current relationship
with a patient buyer results in a higher payoff than deviating by not producing and shipping the
agreed quantity Q*. In this latter case the current relationship breaks down and one with a new
buyer is started in the following period. Plugging explicit values for V* and V{* into (ICg) and
simplifying gives:

(1 _90+’790<1_5S>)7A > (1_90)7A

S A [ T R R ey ST CRE T Ay
Observing that ¢cQ® = 7 (1 — ) /o we can simplify (A.1) to:
l—a =
0g > =Js. A2
S 700 S ( )
For an equilibrium to exist we need to ensure that 5 g < 1. This is the case whenever:
a>1—~0,=aec(0,1) (A.3)

holds. In this situation, the non-production deviation of the seller can be ruled if he is patient
enough, i.e. when g > dg holds. m

Proof of Lemma 2

In the following, we determine the transfer levels {TtQ

L T2 that maximize the seller’s stage
payoffs (and thereby also his ex-ante expected payoffs). In general, the seller chooses {Q{, T, tQ’l, T tﬂ’h}
such that the stage payoffs in (4) are maximized, subject to (LC%’lt), (LC%Z’Z), (IC%;), and
(IC%:?). Clearly, the liquidity constraints ensure that (PC%t) holds as well.

First, note that the seller’s stage payoffs increase in both TtQ’l and TtQ’h. We can start by

requiring that (LC%’é) binds and set T/ = 0. This simplifies (IC%”?) to:

dpY
—Thy BT R(Q,) > 0. A4
Observe that the maximal value of T2 for which both, (A.4) and (LC%’?), hold is the point
where (A.4) binds with equality. Hence, the seller will set T, " = %R(Qt) to extract the

maximal amount of rents.
A comparison of (IC%Z@), and (ICg:?) reveals that 7" > 7! must hold in order for all
constraints of the maximization problem to be satisfied. This is always the case. m
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Derivation of the ex-ante expected payoffs II%

This appendix complements the analysis of the main text by providing a non-recursive expression
of the seller’s ex-ante expected payoffs under open account terms. We proceed in two steps. First,
we rewrite the period t-version of equation (5) by repeatedly substituting in the value functions of
all subsequent periods. Second, we solve the resulting equation for period ¢ = 0. By substituting
in, we can rewrite (5) to:

Ve = AQ+Z<SZ tAaHA + V2 [65(1—A +Z(52 21— A, HA (A.5)
i=t+1
Observing that Hj:t Aj=(1—605(1—X"1))/(1—0y(1 — ")), we can simplify (A.5) to
1 N | , O AL (1 — )
Q _ = i—tAS (1 — 0. (1— )\ (L3 it IRAZAS | A.

Now suppose that t = 0. Solving the resulting version of (A.6) for VOQ gives:

1—Xo
Q S Q t t
e = § o(1—A

Proof of Proposition 3

For the proof, we re-express the value functions in (2) and (5) to introduce additional notation
allowing us to distinguish more explicitly between the current period belief 8,, ¢ > 0, and the
initial period belief 6,. For payment contract type i € F we denote the corresponding value
function applicable in period t of the trade relationship as V;(6,,6,) in the following. We have:

VA(0,,00) = (1= 0,)7" + 65 [v(1 — 0,)V,1(0,00) + (1 — (1 — 0,))V, 1 (65, 00)] ,
V;,Q(Hmeo) = 77? +dg [(1 - gt(l - )‘))‘/;5+1(0?+17 90) + Ht(l - )‘)Vtﬂ(em 90)] )
where V,(0,,0,) € {V*(0,,0,), Vi£(0,,0,)}. When the seller is interested in setting the DOSPC,
for every belief §, in any period ¢ > 0 he sets F, € F such that V,(0,,6,) = max{V*(0,,0,), V(0,,0,)}.

In the following steps, we derive conditions ensuring that F° represents the full set of possible

DOSPCs.

(A.7)

Step 1: For limiting initial beliefs, §, — 0 and 6, — 1, we show that only F, = (A,...)
and F, = (12,...), respectively, can be dynamically optimal.

First, consider the situation where 6, — 1. We get limy _; VE(0,,0,) = Ao /(1 —bg) >
limg VA(0,,0,) = 0. Since the value function expressions are independent of 6,, it follows that
F, = (Q,...) is optimal in this case. Next, consider the situation where 6, — 0. This gives:

_ 05 g ™ = i
910121 Vi (01, 00) = (1—53(1—7)) 1—4dg <9101310V (62, 60) = 1—dg

Again, by the independence of the expressions of 4,, it follows that F, = (A, ...) must be optimal.

Step 2: We show that if the seller is sufficiently patient the only additional payment
sequence that can become dynamically optimal is F, = (A,Q,Q, ...).
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From Step 1, we know that both, A- and Q-terms can be optimal in the initial period. First,
let us consider the case where A-terms are chosen initially (£, = A). Then, due to the separating
nature of the optimal stage contract under these terms the game reaches the full information
limit in the following period given that the relationship continues. Since at this limit the game
reaches an absorbing state the payment contract that is optimal in ¢ = 1 is also optimal in
all further periods. As a consequence, the only payment contract sequences that can become
optimal when Fj, = A are (A,...) and (A,Q,Q,...). At the contracting stage in ¢ = 1, the seller
chooses the payment terms F; € {A,Q} by comparing the following value functions:

1 — 640,74 Jgy s A
VA(0,0,) = ( 570 and V(0,6 :< S ,
CO0) = 50— 059) PO = \T5,0—9) 13
and will prefer Q2-terms over A-terms in all periods ¢ > 0 if and only if:
1 (%)5
VE2(0,6,) > V2(0,0,) < 6, > 105177 =0 (A.8)

T 20
o5 (1-7 (=)
Clearly, 6, > 0. Moreover, since 06,/05g5 < 0 and lims__,; 6, < 1, there exists d5 € (0,1) such
that 0, € (0,1) holds for all 55 > dg.

Second, consider the case where {)-terms are chosen initially (F;, = ), in which case the
seller’s belief is updated according to Bayes’ rule when the initial transaction is successful and
6, = 6. In the following, we show that whenever it is optimal to choose {2-terms initially, it is
never optimal to switch to A-terms in a later transaction. This establishes that the DOSPC is
F = (9, ...) in this case.

For the following arguments we first need to establish the comparative statics of the value
functions with respect to the current period belief §,. Observe that the flow payoffs in both value
functions in (A.7) are decreasing in §,. From this it directly follows that OV,*(6,,6,)/00, < 0 and
oVE(6,,0,)/00, < 0. Moreover, the flow payoffs under A-terms and (due to the immediate buyer
separation under A-terms) also V;*(6,,6,) are linear in 6, and, hence, 92V, (0,,6,)/06? = 0. In
contrast, observe that:

PVEO0y) _ (L= 0) LNy Ven O 00) 5 92Viea(O2,00)
007 a?A? 5 06, 062
where sgn(dV,, 1 (05%,,6,)/00,) = sgn(0V,,,(0{%1,0,)/00,.,) = —1 since 965~ /06, > 0. More-
over, we conclude that 82V, (65 ,,6,)/067 > 0 using a case distinction: When A-terms are cho-
sen in ¢+ 1, we have 92V, (0%1,6,)/00? = 0. When Q-terms are chosen in ¢+ 1, it follows from
091%1/00, > 0 and 907, /967 > 0 that sgn(9°V,, (641, 00)/007) = sgn(9°ViE, (0341, 00)/ 007 1)-

Also note that at 6, = 0, we have:

2V2(0,0,) 1 (1—a)(1— )27
69% o 1 — (SS Oé2

+ 05y

, (A9)

OViE11(0, 6,)
00,

—2(1—=X)dg
Since the first two addends in (A.9) are positive for all §, € [0,1) it follows from the above

observations that 9%V, (6%,,6,)/06? > 0 in the present case. Hence, 9*V;(6,,6,)/007 > 0
holds.
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From the limit properties derived in Step 1 it follows, that there exists a neighborhood of
initial beliefs around the limit belief 6, — 1 for which V§*(6,,6,) > Vi* (6, 0,) holds, i.e. Q-terms
are chosen initially. Consider now any such level of the initial belief 6. In this situation, the seller
evaluates the comparatively small learning gains available under Q-terms (and as prescribed by
updating rule #%?) as preferable to the type-separation outcome under A-terms (in which case
0, = 0). Together with the facts that V;*(6,,60,) decreases linearly in #, and that V,*(6,,6,) is
decreasing and strictly convex in 6, it follows that V,*(6,,6,) > V,A(6,,0,) holds also for all ¢ > 0
in this situation. Hence, F' = (€2, ...) must be optimal.

As an intermediate result, it follows that F' € FP for all §¢ > §%.

Step 3: We rule out the non-shipment deviation for F = (A, Q,,...).

Remains to rule out the non-shipment deviation for the seller under the payment sequence
F=(AQ,9,..) (analogy to Lemma 1). First, let us derive the ex-ante expected payoffs for the
sequence F' = (A, Q,€,...). They are obtained from solving the following recursion for V*%:

VA = (1= 07" + 65 [v(1 = ) VAL + (1 =y (1= 6,))Vi*?] . VA2 =

The solution is:
A2 — (1— 90)(557f9 + (1 — 5S>ﬁA)

C (1=05)(1—d5(1—~(1—6p)))
A deviation by the seller by not procuring the product in the initial transaction on A-terms is

ruled out if and only if:

L I
1—05(1—7) adg

We want to derive parameter requirements such that I';y > I'; holds. First, note that 9T’y /da <

0, 9°Ty/0a? > 0, lim, o'y = oo and lim, ,; 'y = 0. Second, note that dI';/da > 0 and

lim, oI’y = —(1 —6,). Hence there exists a unique &° € (0,1) such that I';y > T’y for all & > &°

if and only if:

QM 2 AT 6 Ty (

lm ') >0 < bg>v H1—0y)(1—6d5(1—7)) =62.
a—

We need to ensure that Sg € (0,1). This is the case if and only if:
L0y —~
(1=0p)(1 =)
We conclude that the noNn—shipment deviation under the sequence F' = (A,Q,(,...) is ruled out

whenever o > &°, §5 > 6% and ép > J 5 hold.

op > =4d,€(0,1). (A.10)

Step 4: Summary of the parameter constraints.

Let us summarize all the parameter requirements that we derived above and in Lemma 1
which allow us to conclude that FF € F . Besides 65 > § p» the constraints are:

a >max{&,a°} =a € (0,1),

o (A.11)
ds >max{dg, 02,05} =05 € (0,1). m
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Proof of Corollary 1

We begin by deriving essential comparative statics of the ex-ante expected payoff functions.
First, let us compare the limit properties with respect to the initial belief 6,. Observe that
limg A2 = limg A =0 < limg 2 = A7 /(1 — §4). Moreover, we have:

—_Q —A —A =0
1—
lim 1A% = 10T T (L= 0s)T : ' =, lim 11 = ;

for which holds lim 4 > lim 42 > lim II2. Next, we derive essential functional
0y—0 0,—0 0y—0
properties of IT#, TIA?, and TTI*. We get:

omr  (1—édgy7 “o oImAY (1= 697 + 0577 “0

90, B (1 =65)(1 —6g70,)? 7 90, B (1 —6dg+dgv(1—6p))? 7
PRI 2047y(1 — dgy)T" QPIIAY 2547[(1 — 0g)T™ + 6 7]

0~ —dg)l—0s200) 0B (—dgtas(1—0)p

Determining the signs of the derivatives of I with respect to the initial belief is more involved.

Let us define:

(1= Adg)(1 — (1 —A"))
1 =050+ (1—=0p)A)

where T = Zzo 1. Tt holds that:

OTIS
09,

implying that O11/96, < 0. It turns out that II® is concave only under additional parameter
restrictions. We get:

Q + 1 0
IT; OgAPT",

<0 & (1= XN(L=06A—6g0,(1—A\)) + a1 — 5g — M (1L — 5A)) (1 — 0y(1 — AtT1)) > 0,

2772 _
aaenzt <0 = K(t’(SS?)‘?eOaa) = 170{A(ta5$7>‘a90)7253(17>‘) [E(t7657>‘700) +aZ(ta(SSv>‘>] < Oa
0 «

(A.12)
(1= Ggh — 6g0,(1 — A\)2(1 — M)A
(1—=6p(1 = A1))2(1 = 0o (1 — AY))
(1= A — Gg0,(1 — M\))(1 — MA*
(L —=6p(1— A1)
Z(t,5g,\) =1 — g — N (1 —Gg\).

where  A(t,dg, A, 0y) >0,

E(t76$7)\590) > O,

Let H(t,dg,\,0y) = E(t,0g,\,0,) + aZ(t,d5,\). Observe that H > 0 for all « € (0,1) if we
establish that H |,_,,;> 0 since Z is possibly negative, and £ > 0. We get:

H|, >0 <&M = 1—AH 651 —2F2) > 0.
Since 9&/0t > 0, it is sufficient to check £ |,_,> 0. Rearranging the latter gives:

P S} (A.13)
dg

Consequently, under the assumption that A < X, we have that K is decreasing in o and since
lim, ,; K = —20g(1 —A\)H < 0 and lim,_,, K = oo there must exist @ € (0,1) such that K <0
for all @ > @. We therefore conclude that II? is concave in 6, for all @ > @ and all A < .
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Irrespective of the concavity of II*’, from the above functional properties it follows that
for sufficiently small (respectively high) values of 6,, F' = (A,...) (respectively F' = (2,...)) is
payoff-maximizing for the seller. As established in the proof of Proposition 3, also observe that:

A >TIA < 6y >6,€(0,1).

From this it directly follows that (2,...) can only be optimal for 6, > ¢, as well. Clearly, due to
the limit properties of the payoff functions for §, — 1, only (£2,...) can be optimal in this case.

When, in addition, o > @ and A < X hold and TI® is strictly concave, it follows from the
limit properties of the payoff functions and their first and second derivatives that there exists a
unique 6, € (6, 1) such that II*? > max{II*, 11} for all 6, € (6,,0,) and II? > max{II*, 142}
for all 0, > 60,. m

Proof of Corollary 2

First, note that I-terms cannot follow on A-terms because at the full information limit I-terms
are dominated by (2-terms. The reason is that when A-terms are used before the game reaches
the full information limit and by playing -terms instead of I-terms the seller can save the fixed
costs of the insurance, m, in this case.

Second, note that I-terms cannot follow on 2-terms. To see this, let us rewrite the belief
under payment contract j € {Q,I} for period t + 1 as H{H = 6¢/)\/(1 — (1 — ))). Note that
6{ 41 is an increasing and strictly convex function in 9{ . Consequently, the incentive to employ
insurance is largest in the initial period since it implies the largest informational gain from the
insurer’s screening activity. Hence, whenever trade credit insurance is used it will be employed
in the initial transaction.

Note also, that insurance will not be used for more than the initial period. The reason is
that in any further transaction with the same buyer the seller can benefit from the insurer’s
screening technology also under Q-terms. However, by not using the insurance he can save the
fixed insurance costs m in the subsequent periods.

Remains to establish that A-terms cannot follow on an initial period on I-terms. Since the
value functions V! and V! are structurally equivalent, the comparative statics of V! w.r.t. 0,
derived in Step 2 of the proof of Proposition 3 apply analogously to V;I. This directly implies that
the seller will never find it optimal to switch to A-terms after an initial transaction on I-terms.

Consequently, the only sequence of payment contracts that can become dynamically optimal
and includes insurance terms is F' = (I,Q,€,...). The corresponding ex-ante expected payoffs

are obtained from the following program:
VOIQ = 77%) +0g (A%)Vlm +(1- A%))‘/OIQ) ) (A.14)
VE>0: V9 =m4mtdg (MVE + (1 —ADVET). .

Solving (A.14) for VOIQ by using the same steps as in the derivation of II% gives:

1— 64\

HIQ —
1= 0gh— 0500 (1 —

—m 47 i SL(AD (1 =61 —X))| . m
) =
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Proof of Corollary 3

As argued in the proof of the previous Corollary 2, the comparative statics of V! w.r.t. 0,
also apply to V!. As a consequence, we have that IT'? decreases monotonically in 6,. Next,
let us compare the limit properties of II* and I w.r.t. 6,. First, note that limgy o s =

—m 4 7 /(1 —dg) < limy o 1. Since both, I and IT'* are monotonically decreasing and
continuous in 6,, whenever:

lim IT*? > lim 1%

0y—1 0y—1
& m<7! Az (1<1_6§2)(165(§5 Zat (“W) (1—¢<1—At))1 =m, (A.15)

then there exists a {% € (0,1) at which ' = T, and TI** > TI¢ if 4, > é{) Noting from
Corollary 1 that for 6, — 1 the sequence (£2,...) payoff-dominates (A,...) and (A, ,,...), we
can infer that there must exist 6, € [A{],l) such that for all 6, > 6, we have that IT'?® >
max{IT°, TIA® 114}, =

A.2 Model extension: Private observability of revenue shocks

In this extension, we study the situation where, in any period, the buyer learns the realization
of the revenue level r, privately. We allow the buyer to make a non-verifiable report 7, of the
revenue realization to the seller and adjust the revenue realization stage of the game as follows.

1. Revenue realization. The level of the revenue shifter r,_; € {0,1} is realized and
privately learned by the buyer. The buyer decides on a non-verifiable revenue report
7,_1 € {0,1} to the seller. The product shipped in the previous period generates revenue
R(Q;_1,74_1) to the buyer from the sale to final consumers.

Under A-terms, the buyer’s report is irrelevant for optimal contract design. Since at the
contracting and the payment stage both — buyer and seller — do not know the realized revenue level
the report about it is irrelevant for contract design and relationship continuation. Consequently,
the analysis does not change when compared to the main text.

Under -terms, it may not be optimal for the seller to set the same transfers as in the public
information case and condition the applicable transfer level on reported instead of on realized
revenues. Such conditioning creates an incentive for the buyer to under-report strategically when
revenues are high, i.e. to report 7, = 0 in all periods. Consequently, as shown by Troya-Martinez
(2013, 2017) the seller has two options. Either, he can propose a flat contract to the buyer in
which the transfer does not condition on reported revenues. Alternatively, the contract may
contain report-contingent transfers and ensure truthful reporting by punishing low reports with
trade suspension. We investigate both cases in the following.

Report-dependent transfers with truthtelling incentivization under Q2-terms

We first consider the scenario where the seller offers report-contingent transfers to the buyer.
For now, assume that the seller assigns the same transfers to reported revenues levels as those
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chosen for the respective levels in the public information case.?? This implies that the prescribed
transfer when reported revenues are high (7, = 1) is larger than when the revenue report is low
(7, = 0). In this situation, the myopic buyer always reports low since it gives her larger stage
payoffs also in the situation where contracts are enforced and deviation is not possible. For the
patient buyer, on the one side it is never optimal to over-report when r, = 0 since TtQ’h > Ttﬂ’l
leads to immediate bankruptcy which is not optimal given positive continuation payoffs under
truthtelling. Conversely, when r, = 1 the buyer has an incentive to under-report, since the lower
transfer when 7, = 0 ensures her a higher stage payoff.

The seller can counter the under-reporting problem under private information by incentivizing
the patient buyer to tell the truth (such that she reports 7, = r, in all periods) by (temporarily)
suspending trade when 7, = 0. The length of trade suspension is chosen such that the buyer is
indifferent between possible reports (cf. Troya-Martinez, 2017). As outlined above, the myopic
buyer can never be incentivized to report high revenues truthfully. As a consequence, a high
report of the buyer is a credible signal of her patient type effectuating an update of the seller’s
belief to 6,,,; = 0 in the following period. Note that such signal enhances the buyer’s continuation
payoff only if the realized revenue is indeed high since the corresponding transfer would lead to
her bankruptcy otherwise (this eliminates any incentive for strategic over-reporting).

Before we set up the seller’s dynamic programming problem in which we incorporate the
above observations, let us first derive the optimal stage contract with report-dependent transfers
that ensures truthtelling. Compared to the public information case the payment probability is
adjusted in order to account for the reporting behavior of buyers outlined above. In period t,
the seller chooses {Q;, Ttﬂ’h7 Ttﬂ’l, T(l)} to maximize the following stage payoff function:

7"?’5 =g [(1 - et)’YTtQ’h +[(1 =71 —6,)+ 0, TtQJ} — Q. (A.16)

T'(l) > 0 denotes the number of trade suspension periods following on a low revenue report. Ev-
idently, trade suspension in the high revenue state reduces seller payoffs while not increasing the
buyer’s incentive to report truthfully. Hence, we do not need to further consider this possibility
in the following.

While the maximization problem is subject to the same participation and liquidity constraints
as in the public information case the buyer’s incentive constraints are adjusted as follows:

Q,l E(Z)H Q,l
ub = -T,"' + e [YR(Q,) — ET}}] > 0, (ICE,)
o
Q,h Q,h
up = -I,7" + ﬁ [’YR(Qt> - ETtQ] > 0. (ICB,t)
Finally, to ensure truthtelling we need u! = u? as an additional constraint to the maximization
problem.3°

The derivation of the optimal equilibrium transfers follows the exact same steps as in Lemma
2, which applies one-to-one here. We can plug the resulting transfer payments Ttﬂ’l = 0 and
T = 657 /(1—65(1—~))R(Q,) into the truthtelling constraint, which implies that trade with

29We show below that the optimal transfers under private information are identical to those of the public
information case.

30We assume that the trade relationship with the suspended buyer ends permanently when the seller decides to
engage in a new trade relationship during periods of trade suspension.
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a buyer is suspended permanently whenever 7, = 0, i.e. T(l) = oco. Note that this result is
consistent with the analysis by Troya-Martinez (2017).

Using the equilibrium transfer payments the seller chooses the trade volume in period ¢ by
maximizing the following variant of (A.16):

QP = argnbaxés(l —0,)TR(Q,) — cQ,.

The optimal trade volume Q? ** and the corresponding stage game payoff w? * in the tth trans-
action with a buyer on open account terms can be calculated as:

5T (1—0,)\ 7
Q?,S: ( S ( t)) ’ 7_(_tQ,s_ Q,s CX

c t1—a

We denote the stage payoffs at the full information limit by 7% in the following.

For the remainder of the paragraph, suppose that the seller is restricted to {2-terms with
report-dependent transfers. Accounting for the possibility of type signalling under private infor-
mation outlined above and conditional on the optimality of the trade suspension punishment,
the seller’s dynamic programming problem looks as follows in this situation:

Vot =my 4+ dg [(1 — (1= 0p))Vo™ +v(1—0p) V5 s] ;
Q,s —Q,s Q,s Qs
Vi =m0 40 ((1_7)V0 +V; ) 5
where re-matching (due to a low revenue report) occurs in equilibrium when the buyer is myopic,

or, when the patient buyer faces a low revenue realization. Solving the problem for Vbﬂ’s gives
the seller’s ex-ante expected payoffs:

s — (1— 537)7%)’8 +0g7(1 — ) 7>*
(1 —0g)(1—~64s)

Report-independent transfers under (2-terms

Alternatively to establishing truthtelling, the seller can ignore the buyer’s revenue report and
offer a contract with a transfer that depends only on the trade volume (a “flat contract” with
regard to the reported revenue). In principle, the seller here has two options. First, he can set
the transfer at a lower level such that the patient buyer does not suffer a risk of bankruptcy
in either revenue state. Since this strategy is not profitable for the seller (it requires T, = 0
in all periods) we will not consider it further. Alternatively, the seller can ignore the liquidity
constraints and set the transfer such that the patient buyer’s incentive constraint (IC%,t) binds
with equality ((PC3,) is also satisfied in this case):

1)
104 B pniay- 1 0 g

This implies T, tQ’f = dp7R(Q,). Acknowledging this transfer, the seller chooses the trade
volume in period ¢ by maximizing the following stage payoff function:

Q, Q,
T = 05T F— cQy-

The payment probability is adjusted to yA, to account for the fact that payment of the transfer
TtQ’f only occurs when revenues are high (no revenue is generated otherwise, and therefore no
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transfer is possible). In this situation, non-payment occurs only if the buyer is myopic and
contracts are not enforced.

The optimal trade volume Q? '/ and the corresponding stage game payoffs with a buyer under
belief §, can be calculated as:

1
g _ (9s957* A\ " 0 _ gt o
t c 9 t t ]._Oé

. in the following.

We denote the stage payoffs at the full information limit by 7

For the remainder of the paragraph, suppose that the seller is restricted to {2-terms with
report-independent transfers. Compared to the main text, the seller’s dynamic programming
problem needs to be adjusted by the fact that the relationship survives from one transaction to

the next only if the revenue realization is high. Hence, we have:

ve>0: VY =al 405 (WA VE + 1=V ) (A.17)
Rewriting (A.17) in steps analogous to the main text, we get:
1 o 1 , (1 —=)(1—6,) 0 (1 —~N)
Q. f — Q. f 7 tA_a 1— 1— )\ Q, f t t .
Vt 1_90(1_)\15) d ;68 i ( 90( /\)>+5SVO ( 1_55’7 + 1_5S’Y>‘
(A18)

We can solve the initial period version of (A.18) for VOQ’f to obtain the ex-ante expected
payoffs:

Q,f — (1—Xogy)(1—dg7) ﬁQ,foo tAS (1 ot
0 = @+ (1= (1= 3g) " 2 0547 (1= a1 = XY,

Optimal contract design with private information

In the following, we analyze dynamically optimal payment contract choice with private informa-
tion. For any belief 6, € (0,1), the seller may now want to choose either A-terms or Q-terms
with report-dependent or -independent transfers. We introduce the same notation for the value
functions as in the proof of Proposition 3 to distinguish more explicitly between the seller’s belief
in period ¢, 0,, and his initial belief 6. This gives:

VtA(‘gta 60) = (1 - at)ﬁA + 55 [7(1 - 9t>Vt+1(Oa 90) + (1 - ’7(1 - 91&))‘44—1(907 00)] )
Vi (0,,00) =m0 + 0 [7(1 = 0,) Vi1 (0,85) + (1 — (1 — 6,))Vii1 (65, 60)] (A.19)
ViR (0,,00) = 1 4 05 [YA V1 (021,00) + (1 —vA) V1 (05, 00)] -

While under A-terms and report-dependent transfers the belief is updated to 6, ,; = 0 at the be-
ginning of the following transaction, under report-independent transfers updating follows Bayes’
rule and 6,,, = 6{%,. A comparison of Vih5(6,,0,) and VA(6,,0,) reveals that A-terms payoff-
dominate the usage of 2-terms with report-dependent transfers and truthtelling incentivization.
This directly leads to the following Lemma.

Lemma A.1l. Under private information, in any transaction a payoff-mazximizing seller will
request payment either on A-terms, or on Q-terms with a revenue report-independent transfer
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TtQ’f . Incentivizing the buyer to report the revenue level truthfully is never payoff-maximizing
for the seller under Q-terms.

Proof Analysis in the text.

This leaves us with two potentially optimal payment strategies under private information. The
following Lemma A.2 provides a unique condition that pins down optimal payment contract
choice for any period in a trade relationship.

Lemma A.2. There exists a unique belief level 8* € (0,1) such that it is optimal for the
seller in period t (under belief 0,) to conduct business on A-terms if and only if 6, < 0*, and
to use Q-terms with report-independent transfers otherwise. This implies that the DOSPC is
F e {(A.),(Q ., QA A, ...)}. There exist initial belief levels 0, such that either type of

sequence can be optimal in equilibrium.

Proof First, observe that:

1_a
. Q. f L Q.f (657N . A _
altlgllvt (0,,60) = 91()1?1‘/; (6o, 60) = 1— 04 > eltlgllvt (0,,60) = 0.
Moreover:
VEA0.00) = =g [+ 051 =) Viga o)) and (A.20)
1 L
VI (0,00) = 75— [(057)" 7 + 851 =)V (05, 60)|
s

from which it is easy to infer that V,A(0,6,) > VtQ’f (0,6,) holds. Next, note from the proof
of Proposition 3 that V;* decreases linearly in 6,. Moreover, due to the analogous functional
structure of V;%/(6,,6,) in (A.19) and of V2(6,,6,) in (A.7) it follows by the same line of
argument as in the proof of Proposition 3 that VtQ’f (0,,0,) decreases and is convex in 6,.

As a consequence, we can conclude that there exists a unique 6* € (0, 1) such that Vtg’f > VA
if and only if 8, > 6*. Note that 6* is a function of 6,. From the limiting properties derived
above it follows that there always exist values 6, € (0, 1) such that both sequences, (A, ...) and
(Q,.,Q2,A,A ...), can be part of an optimal equilibrium. In sequence (£2,..,Q,A A,...), the
period in which payment terms transition to A-terms is the first for which 6, < 8 holds. m

Figure A.1 summarizes the results of Lemma A.2 graphically. While the level of §* at which
the two value functions intersect is 6,-specific, depending on whether 6, < 6* holds Q-terms will
be used in the initial periods of a trade relationship or not. It follows from the proof of Lemma
A.2 that when 6, is close enough to the full information limit the seller will employ A-terms
throughout, while 2-terms will be used in the initial transactions if the share of myopic buyers
is sufficiently large.

The figure depicts the situation where 6, > 6*. In this case, after initial usage of {2-terms the
seller switches to A-terms beginning with the first period ¢ in which 6§ < 6* holds. The bullet
points on the value functions indicate the steps of the belief updating process. In the plotted
example, the seller’s payment contract choice switches from 2- to A-terms in period ¢ = 2 of the
trade relationship.
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Figure A.1: Value functions and belief evolution under private information when 6, > 6*.

Discussion

Lemma A.1 finds that only revenue report-independent transfers can be optimal under Q-terms.
This implies that the trade-off between relationship stability and stage payoff growth outlined in
Section 3.3 applies also to the private information scenario. This is the case because truthtelling
incentivization is never payoff-maximizing for the seller. Otherwise, patient buyers would have
a tool available to signal their type which would imply immediate separation (similar to the
situation under A-terms).

Note however, that different to the public information scenario, under private information it is
optimal to employ the relationship stability-enhancing advantages of 2-terms only temporarily
on the learning path. When enough information about the buyer becomes available through
repeated interaction and the full information limit is approximated sufficiently, A-terms payoff-
dominate -terms. Since under private information the optimal stage contract on Q-terms is
flat, a residual buyer bankruptcy risk also remains under these terms. As a consequence, the
larger stage payoffs under A-terms at the full information limit also imply that these are overall
more profitable in established relationships (which we show formally in Lemma A.2). Overall,
our findings suggest that in established long-termed trade relationships it is more likely that
sellers provide trade credit to their buyers if they can reliably observe the revenue realizations
of buyers from final consumers.

A.3 Model extension: Generalization of the revenue shock distribution

In this Appendix, we generalize the model to account for revenue shocks of arbitrary size and
assume that 7, € {r" 7'} with »" > 7/ > 0. As in the main text, we denote by v € (0,1) the
probability that the revenue level is high, i.e. r, = r". By rp = 47" + (1 — v)r! we denote the
expected value of the revenue shifter. Assuming ' > 0 makes the analysis of both, the cash in
advance and the open account payment scenario, more involved. Under A-terms, depending on
the parametrization of the revenue distribution, additional transfer strategies can be optimal for
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the seller and require to make further case distinctions in Lemma 1. Under Q-terms, the seller
now finds it optimal to request a non-zero transfer from the seller in the low revenue state which
requires us to account for additional non-payment incentives of the buyer (implying adjustments
to Lemma 2). We discuss the changes to the analysis of Section 3 in the following.

Cash in advance terms

In the main text scenario, whenever the patient buyer goes bankrupt under A-terms this happens
when r, = 0 in which case (LC%t) is not satisfied. While designing a contract that avoids this
risk of buyer bankruptcy is never optimal there, the situation changes when r! > 0 and requires
to distinguish two cases.

On the one side, just as in the main text the seller may want to set the transfer to TtA’h =
dpR(Qy, ) such that (PC%t) binds and extract all rents from the patient buyer. In this
situation, the seller accepts that the buyer goes bankrupt when the low revenue state is realized.
Alternatively, he can set the transfer to T/ = 63R(Q,,r") < T*" such that the following
liquidity constraint in the low revenue state binds:

SpR(Qy,rh) — T, >0, (LCHY)

which ensures that the trade relationship with the patient buyer is maintained in all revenue
states.

Since revenue shocks are i.i.d. and the seller’s learning about the buyer type does not depend
on the transfer size, the seller’s optimal decision between T;*" and T/*' does not vary over
transactions. Hence, we can obtain the optimal transfer decision from comparing the seller’s ex-
ante expected payoffs when the transfer is fixed to either 74" or T for the entire relationship
(the time index is dropped). In the following, we call the seller’s choice T4 € {TA! TA"} his
transfer strategy under A-terms. For a given transfer strategy, the seller sets to trade volume by
maximizing (1), and we denote the corresponding trade volumes by Q™" and QA respectively.

The following Lemma A.3 gives a unique condition on the revenue state distribution deter-
mining which of the two transfer levels is optimal for the seller and summarizes the corresponding
trade volumes and profits.

Lemma A.3. There erists a unique 7 € (0,1) such that setting the transfer to T™h =
SpR(QM" ry) in all transactions maximizes the seller’s ex-ante expected payoffs if and only
if v > 7, and setting it to T' = 55 R(Q™',7!) in all transactions does so otherwise. Since any
spot contract under A-terms is separating, trade volumes do not vary over time and are given as:

1
redn/c)e = QMM g > 7,
A:{<f3/ ;o=e i 02d e
(rég/c)® =@ if v<#.
The corresponding seller stage payoffs, conditional on contract acceptance, are:
1 a1 _ _Ah ~
A _ Jrgép)ecaa/(l—a)=T7 if v=27,
T = le \d e AL _ - (A.22)
(rop)ec = af(l—a)=7" if y<7.
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Moreover, the seller’s ex-ante expected payoffs are:

A-b)7" _ AR 2
A — T=50)(1—0505) =11 if v=27, A93
B (1-9)7" _HA’l . ~ ( ’ )
(1-05)(1-6,35) — ity <7

Proof The expressions in (A.21) and (A.22) are obtained from solving the maximization problem
in (1) for the respective transfer strategy T4 € {TA! TA"}. For the case where T4 = T4 the
seller’s ex-ante expected payoffs from conducting an infinite sequence of transactions on A-terms
can be derived from solving the following dynamic programming problem for \/E)A’h:

VOAJL = (1—46,) [ﬁA’h + 5SV1A7h] + 9053V0A7h,
VlA,h _ ’y[ﬁAJL + 6SV1A,h] + (1 . ’7)‘/0A7h-

Alternatively, in the situation where T4 = T™! the ex-ante expected payoffs are derived from
the following problem:

Vil = (1—6y) [ﬁA’l + 5SV1A’Z] + 0,05V,
YAl A s AL

The solutions to the respective programming problem are given in (A.23).

Next, note that the seller prefers to set 74" instead of T4+ if and only if AIl = T4 —TT4F >
0. Observing that OAIL/0vy > 0, AII ‘“mwo< 0 and AII ‘1imwl> 0 establishes the existence of a
unique probability level 4 € (0,1) such that the seller maximizes his ex-ante expected payoffs by
setting T4 = T if v > 4 and by setting T4 = T4 otherwise. m

The Lemma shows that even though setting the smaller transfer 7! implies smaller optimal
trade volumes (Q*! < Q*") and, correspondingly, smaller stage payoffs (fA’l < ﬁA’h) doing so
can be optimal for the seller. When the probability of facing a low revenue state is sufficiently
high (i.e., when v < %) the seller prioritizes relationship stability over full rent-extraction from
the buyer which he implements by choosing the smaller transfer level T4,

Equivalently to Lemma 1, the following result rules out the non-shipment deviation by the
seller. Since continuation payoffs depend on the chosen transfer strategy, each transfer scenario
features distinct parameter thresholds to rule out the deviation. In Lemma A.4, we use the index
i € {l,h} to refer to the low and high transfer strategy, respectively.

Lemma A.4. Consider transfer strategy i € {l,h}. Suppose that o > &' € (0,1) holds. Then
there exists a repeated game equilibrium that mazximizes the seller’s ex-ante expected payoffs under
cash in advance terms, 11*, for all 64 > 6L € (0,1).

Proof At the Production and Shipment stage of any period the seller will not deviate from the
contract if and only if:

—cQNE 4 6V >0V =1k (A.24)
Equation (A.24) follows from the same logic as (ICg). Plugging explicit values for VOA’i and VlA’i
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into (A.24) and simplifying gives:

(1 =0+ ~v0,(1 — 5S)>ﬁA’h (1— Ho)fA’h .
—cQMM 4§ >4 for ¢ =h, A.25
ST 0g)(1—A0ybs) ST b5)(1 —0od) (4.25)
and  —cQM 4§ e > g — )7 for i=1 (A.26)
" ‘ S1-0g = (1 —0d5)(1 —0yds) T .

Observing that cQ** = ﬁA7i(1 —a)/a, i =1,h, we can simplify (A.25) to:
l—a =

= .
o 5

dg >
For an equilibrium to exist we need to ensure that Sg < 1. This is the case whenever o >
1 —~0, = &" € (0,1) holds. In this situation, the non-production deviation of the seller can be
ruled if he is patient enough, i.e. when dg > 6% holds. Moreover, we can simplify (A.26) to:

and ensure that gfg < 1 by imposing that a > 1 —6, = a' € (0,1) holds. =

Under the conditions of Lemmas A.3 and A.4, Proposition 1 applies analogously for both
transfer strategies discussed in this extension.

Open account terms

The seller’s set of participation, liquidity, and incentive constraints remains structurally fully
equivalent to the expressions in the main text. As a consequence, the pooling nature of the
optimal spot contract — and hence the belief formation and updating process — remain the
same. The size of revenue state-contingent transfers and thus the optimal trade volumes change,
however. We summarize the principal changes under the generalized revenue shock distribution
in the following Lemma A.5. It is the equivalent to Lemma 2 and ensures that the buyer behaves
according to the strategy profile, while maximizing the seller’s stage game payoffs.

Lemma A.5. Suppose that 55 > r'/rg € (0,1). Then under Q-terms, the seller sets transfers
T = R(Q,,r!) and T = §57/(1 — 65(1 — ) R(Q,, 7). Thereby, he rules out the buyer
bankruptcy risk, makes the patient buyer indifferent between paying and not paying the agreed
upon transfer in any revenue state and maximizes his own payoffs.

Proof The proof of Lemma 2 applies with the following modifications. First, for (LC%’D to
bind we set T/' = R(Q,,r) > 0. Second, to ensure that T:>" > T%! holds (which is used
to incentivize buyer payment in any revenue state) we plug the explicit transfer levels into the
expression which — after simplification — gives 5 > rl/ry. =

In contrast to the case in main text, the generalized revenue shock distribution additionally
requires that the patient buyer has a discount factor above a positive threshold level, i.e. 5 >
r'/rg. This accounts for the additional non-payment deviation that becomes available to the
buyer when 7% > 0.

47



Acknowledging the results of Lemma A.5, the seller chooses the trade volume in period ¢ by
maximizing:

o7
1—0p(1—7)

The optimal trade volume Q$! and the corresponding stage game payoff 7r{? in the tth transaction

QY = argné?axésAt [ R(Q;,m") + (1 —y)R(Q,, )| — cQ,.

with a buyer on open account terms can be calculated as:

1
ST’ o co 5572
QP = ( Sc At> ) it :le—a’ where T’ = —1_6]3B<1_7)rh+(1—7)rl.

The derivation of the seller’s ex-ante expected payoffs is fully analogous to the main text. More-
over, Proposition 2 applies analogously.

A.4 Model extension: Positive buyer outside option

In this Appendix, we extend the analysis of section 3 to the situation where the buyer has a
constant per-period outside option w > 0 that she receives when deciding not to engage in trade
with the seller. Consistent with the strategy profile outlined in the main text, we assume that
the seller ends the trade relationship permanently whenever the buyer decides to take the outside
option instead of engaging in trade. After outlining all the differences to the analysis of the main
text for the situation when w > 0 we summarize our findings in Proposition A.1 at the end of
this Appendix.

Cash in advance terms

First, consider the case where F' = (A, ...). With the outside option available, the participation
constraint of a buyer of type j € {M, B} in period t is:

0;R(Qy, rg) — T, > w. (PC?;“J)

By the same logic as in the case of the main text where w = 0 the myopic buyer’s participation
constraint, (PC?\‘/I’T;), cannot be fulfilled for any T, > 0. Consequently, the myopic buyer will never
accept any contract on A-terms and the seller offers a separating contract that only a patient
buyer accepts. Buyer liquidity constraints are unaffected by the size of the outside option.

As a consequence, the seller sets the transfer to T/ = 65R(Q,,7) — w such that (PCg:f)
binds and extract the maximal amount of rents from the patient buyer. Acknowledging this
transfer strategy, the seller’s trade volume choice solves the following maximization problem:

A = arg . e = T e, (A.27)
t
which results in the following trade volume and stage payoffs:
1
QM = <753> ) ; T = e = QA’wica —w.
c l—«
Since trade volume Q** and stage payoffs 74 =7 — w do not vary with belief 6, a necessary

and sufficient condition for seller participation in the trade relationship is w < 7 who otherwise
would refrain from engaging in trade altogether. For the following, we assume that this condition
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holds. The dynamic programming problem is structurally identical to the one derived in the main
text. The seller’s ex-ante expected payoffs are adapted as follows:

(1—6,)7*
(1—dg)(1— ’7‘9055)'

Equivalently to Lemma 1, the non-shipment deviation of the seller can be ruled out as
A

HA,w —

summarized in the following Lemma A.6. For notational convenience we assume that w = wm
in the following, where w € [0, 1) needs to hold to satisfy seller trade participation.

Lemma A.6. Suppose that o > &% € (0,1) and w € [OjﬁA]. Then there exists a repeated game
equilibrium that maximizes the seller’s ex-ante expected payoffs under cash in advance terms,
4, for all §g > 6% € (0,1).

Proof Equivalently to the proof of Lemma 1, at the Production and Shipment stage (6) of any
period the seller will not deviate from the contract if and only if:
(1= 6 +~0(1 — 65)) 7 (1—6y)7™
(1—=dg)(1 —704ds) (1—=6g)(1 —7byds)
Observing that cQ* = a1 (1 — a)(1 4+ w)7T* we can simplify (A.28) to:
l—« 1+w _ 5

> = 0%.
0s = Y0y 14+ (1 —a)w 9

—CQA’w + 65

> 5

(A.28)

For an equilibrium to exist we need to ensure that ggi < 1. This is the case whenever v >
(I —=0)(1 +w)/(1 + w(l —~6,)) = a“ € (0,1) holds. In this situation, the non-shipment
deviation of the seller can be ruled if he is patient enough, i.e. when dg > 6¢ holds. =

Note that 85“5’ /Ow > 0, i.e. the minimum patience level of the seller necessary to sustain
trade increases in the buyer’s outside option. The reason is that with a higher outside option,
the buyer only participates in trade when receiving a larger share of the revenue making it less
attractive for the seller to obey the contract and indeed ship the product to the buyer. Asides,
the results of Proposition 1 and the corresponding discussion hold analogously for the case where
w > 0.

Open account terms

Next, consider the case where F' = (€,...). In the presence of the buyer’s outside option her
participation constraints become:

Q,
YR(Q) — BT > w, (PCxY)

Q7
YR(Qy) — AET{ > w, (PCh1)
where (PC%’}”) is the participation constraint of the patient buyer and (PCKAZ/‘,“;) that of the
myopic buyer, respectively. Conditional on the outside option not being too large (we derive an
explicit constraint below), the screening properties of open account payment terms and the belief

updating process remain unaffected when compared to the main text. As under A-terms, the
liquidity constraints are unaffected in the presence of the outside option. However, the buyer’s
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incentive constraints that ensure the payment of the transfer must be adapted in order to account
for the outside option:

0 w w
T+ "B [yR(Q,) — ETY) > : (ICHE)
1—6p 1— 6,
1oy 9B LR - BT > Y (ICh)
t 1—5B7 t =145, Bt

Equivalently to Lemma 2, the following Lemma A.7 derives the seller’s optimal transfer
strategy when w > 0. The Lemma also shows that an additional constraint on the size of the
outside option is required to ensure seller participation in the trade relationship.

Lemma A.7. Under Q-terms, the seller participates in the trade relationship for all beliefs
0, € [0,6,] ifw € [0,w'] and sets transfers T = 0 and T2™ = [657R(Q,) —w]/(1—85(1—7))
in this situation. Thereby, he rules out the buyer bankruptcy risk, makes the patient buyer
indifferent between paying and not paying the agreed upon transfer in any revenue state and
mazimizes his own payoffs.

Q1w

Proof As in Lemma 2, we require (LCS B t) to bind and set T} = 0. This allows us to rewrite

(PCEY) and (ICHY) as:

Ttﬂ’h < R(Qy) — % =17, (PC%’,;J)
Ip7R(Qy) —w Q,h )

Tﬂ,h < B t — T W I s,w

t — 1 _ 63(1 o > ( CB,t )

Note that (IC%’}Z’W) binds whenever T* > Ti*" < w < YR(Q,)/(1 — ) holds. Seller partici-
pation in trade requires TQ’h > 0 (he would make a loss otherwise). In this context, it is also
necessary that 7% > 0 < w < vR(Q,) holds, which ensures that 7% > TQ P
path. Consequently, (IC B,? “) is indeed the binding constraint and Tt

on the equilibrium
= T2 in equilibrium.

Acknowledging the equilibrium transfers derived above, the seller sets Q?’w to maximize:

QM = arg nggax T = S AT — cQ,.

This gives Qi = Q% and:
O
Qw Q S\ Y
Y=y — 2w

! ! 1—05(1—7)
To achieve comparability to the main text outcomes, our aim is to constrain w such that the
seller finds it profitable to trade with the buyer in every period (i.e. for every belief 6,). This is
the case if and only if:
1 _53(1 _’Y)C Qw

VE>0: mY>0 o w<digyR(QPY) —
t B t 5SAt’Y t

=Q.

Since @ € (0, YR(Q*)) and 8@/06, < 0 a necessary and sufficient constraint to ensure seller
participation in all periods Sw<dlg=w'. m

The seller’s ex-ante expected payoffs are derived from a programming problem that is fully
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analogous to the main text and are given as:

1—4dgA -
T = > TN LA (1 0y(1— !
1_53)\_559[)(1_/\)77 2.0 £ ( o ),

where 75 = 7% — §gyw/(1 — §5(1 —4)). The results of Proposition 2 and the corresponding

1
@

discussion hold analogously for the case where w > 0.
We finish the discussion of the non-zero buyer outside option by summarizing the results of
the model extension in the following Proposition.

Proposition A.1. Suppose that instead to engaging in trade with the seller the buyer can decide
to obtain a per-period outside option w € [0,w’]. A larger outside option allows the buyer to keep
a larger revenue share in every period due to smaller equilibrium transfer levels and to realize
larger transaction payoffs. At the same time, the seller’s learning process about the buyer’s
type and relationship stability remain unaffected which reinforces the importance of the trade-offs
identified in section 3.3.

Proof Note that 7 > @, implying that w < w’ is a sufficient constraint on the outside option
for both, Lemma A.6 and A.7 to be applicable. The remaining points follow from the discussion
in the text above. =

A.5 Model extension: Court usage and relationship stability

In this Appendix, we investigate the situation where the seller can observe when institutions (i.e.
courts) are used to enforce contract compliance by the buyer. Since under A-terms only patient
buyers accept the stage contract who — by construction — always comply with the contract terms,
the analysis will not be affected in this payment scenario.

The situation changes under (2-terms, however. While the buyer’s participation and incentive
constraints remain unvaried and therefore Lemma 2 applicable, the updating process of the
seller’s belief 6,, trade volumes, stage payoffs, and the corresponding dynamic programming
problem are subject to change. At the end of the first transaction with a buyer, the seller will
know with certainty whether he is in a match with a patient or myopic buyer. The reason is
that whenever a transaction with a myopic buyer is successful, it must be the case that buyer
payment is enforced by court (she would never pay voluntarily). Contrarily, non-payment by the
buyer will only occur if the buyer is myopic.

Hence, whenever an initial transaction is successful without the usage of courts (which hap-
pens if and only if the buyer is patient) the seller updates his belief from 6, = 0 to 6, = 0.
Correspondingly, trade volumes and stage payoffs grow from Qg and 7T62 in the first transaction
to Q2 and 7 in the second transaction, respectively. Consistent with the findings by Macaulay
(1963), we assume in the following that the seller discontinues the trade relationship once courts
are used to enforce the transfer payment by the buyer. This gives rise to the following dynamic
programming problem for the seller:

Vahe =m0 [(1—0) Vi + 66V ]
‘/19,0 — fQ+6SV19’C7
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which we can solve for %Q’C to obtain the seller’s ex-ante expected payoffs:

T T —af

T 1-0g 1—040,
While under the varied model assumptions the belief updating process by the seller is the

HQ,C

same under A- and Q-terms and all information about the buyer is revealed until the end of the
initial transaction, the qualitative predictions on trade volume growth and relationship stability
of the main text remain valid. Since also under the varied assumptions the stage contract under
Q-terms cannot separate buyer types, just as in our baseline model, we see trade volume growth
over time (while in contrast, trade volumes on A-terms do not vary over transactions). However,
a difference is that due to the additional observability of court usage, the trade volume at the
full information limit is reached already after the initial transaction.

Moreover, just as in the main text scenario the probability of relationship failure in any
period is larger under A-terms than it is under Q-terms. Under Q-terms, a relationship fails
after the initial transaction if and only if the buyer is myopic. Under A-terms, relationship
breakdown additionally occurs when the patient buyer suffers bankruptcy (which does not occur
under Q-terms in equilibrium). Summing up, we find that our main results are qualitatively
robust to assuming that the business relationship dies whenever courts are used to enforce the
stage contract.
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