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1 Introduction

There is widespread evidence that imperfect enforcement of international contracts acts
as a barrier to international trade (Rodrik, 2000; Anderson and Marcouiller, 2002).
Any international transaction of physical goods must inherently involve the extension
of cross-border credit: by the seller when payment is due after receipt of a good; by
the buyer when payment is due before receipt; or by a third party, such as a bank. As
with any extension of credit, repayment concerns are paramount. Though such concerns
also exist for domestic transactions, distance, longer transportation time, and different
institutional settings make them more pressing for international transactions. Following
a recent increase in the availability of data, empirical evidence has shown that there exists
a variety of mechanisms designed to help parties engaged in international trade (partly)
overcome these barriers. These include repeated interaction, business networks (Rauch,
2001), tailored contract terms (Antras and Foley, 2011), bank guarantees such as letters
of credit (Ahn, 2011; Schmidt-Eisenlohr, 2012) and non-financial intermediaries (Antras
and Costinot, 2011). Though it is clear that these mechanisms are important we still
have limited understanding of how they shape trade flows as well as their importance for
the disproportionate drop in international trade during the most recent global recession.
The goal of this paper is to analyze these mechanisms in a common framework in a
general equilibrium model where firms match. I further analyze the interaction between
trade policy and incomplete contract enforcement.

The model is designed to capture four features of modern international trade. First,
enforcement of international contracts is imperfect. Second, although firms do repeat
interactions with some partners, new partners are frequently required by changes in tech-
nology, consumer taste, and so forth. Third, some businesses operate within networks
that can facilitate the transmission of information and fourth, they may rely on third
parties such as banks and other intermediaries to ensure fulfillment of contracts. The
model is used to answer questions such as: When can parties engage in international
trade without the aid of third parties? How and when are these various tools used,
and how sensitive is their use to financial crises and how might they be affected by
government policy.

The paper’s contribution is threefold. First, I introduce search frictions, repeated in-
teraction, and imperfect contract enforcement into a two-country discrete-time dynamic
symmetric version of Krugman (1980). Production always requires the cooperation of

two parties: a final good producer (henceforth producer) and an intermediate input



supplier (henceforth supplier), who are matched by the Diamond-Mortensen—Pissarides
matching process widely used in the labor literature (Pissarides, 1985; Mortensen and
Pissarides, 1999). The match might end with an exogenous probability and, in addition,
each party is free to end it at will. When a supplier extends credit to a producer, the
supplier’s ability to break the match and preclude future trade provides some encour-
agement for payment. Furthermore, if information about past behavior travels easily to
other potential suppliers, collective punishment can ensure even better contract enforce-
ment. This paper thereby provides a formal treatment of the notion that communication
within business (or ethnic networks) can ensure adherence to contracts when interna-
tional contract enforcement is insufficient (as demonstrated in Gould, 1994; Rauch,
2001). The value of the reputational mechanism depends critically on the effectiveness
of transmitting information and on the outcome of the matching process — in particular
the ease with which an firm finds a new match. If transmission of information is effec-
tive, then the existence of potential new partners facilitates cooperation because there is
a greater chance of collective punishment. If transmission of information is ineffective,
then the existence of potential new partners hampers cooperation because firms can
easily find a new match should the present supplier cease to cooperate.

I compare contracts with payment due before and after receipt and demonstrate that
the relative desirability of the contract types is strongly dependent on the outcome of the
matching process. When information is effectively transmitted the choice of contracts
is a strategic substitute: When payment is due before the shipment of the good, the
incentive to deviate is with the supplier who must be given sufficient profit to adhere to
the contract. When pre-payment is the prevalent form of contract the profits of a supplier
must be higher, which — when transmission of information of deviations is effective —
further encourages the use of pre-payment. Contracts are strategic substitutes when
information travels poorly.

The paper’s second contribution is using the model to consider alternative solutions
when reputational concerns are insufficient to overcome contractual imperfections in
international trade. Among these alternatives, I include a bank offering to guarantee
the payment of producers (through a letter of credit, a typical form of trade finance)
and ask the natural question: If a supplier does not trust a foreign producer to pay,
why would he trust the producer’s bank? Without assuming that banks are inherently
more credible, I show that a single bank providing guarantees for multiple producers

— as in actual practice — delivers both more frequent interaction and a higher cost



of nonpayment, both of which endogenously give banks’ guarantees more credibility.
Analogous reasoning demonstrates that the biggest and most frequently active party
should be given the potential incentive to deviate, in line with the findings of Blum,
Claro and Horstmann (2010)

Third, I endogenize the entry of firms by allowing for free entry and show how this
affects optimal trade policy: In addition to the standard terms-of-trade argument for
imposing a tariff two new sources arise: imposing tariffs reduces the number of home
importers relative to foreign exporters which i) improves the probability for a home
importer of matching and ii) might reduce constraints from poor contract enforcement.
Further, when the matching process features increasing returns to scale symmetric trade
liberalization can improve the matching process and improve global welfare. 1 further
consider taxes and subsidies to the entry of firms and show that entry is typically re-
stricted compared to domestic firms and further will feature inefficiently low ratio of
international exporters compared with international importers.

In an extension, I demonstrate that two banks mutually confirming each other’s
guarantees provide even further credibility given that a bank can default only on the
net amount outstanding. The model then replicates the most salient features of the
industry for bank guarantees: it is highly concentrated; the providers of guarantees are
predominantly local banks, banks engaged in long-standing relationships confirm each
other’s guarantees; and the demand for such guarantees can increase during times of
uncertainty.

The role of repeated interaction and reputational concerns has been extensively ana-
lyzed in the literature on game theory (see, e.g., Fudenberg and Tirole, 1991). However,
the application in this paper is most closely related to the the historical literature on
the establishment of private institutions to overcome poor formal contract enforcement.
Greif (1993) shows that the 11th-century Maghribi traders’ threat of collective pun-
ishment allowed them to efficiently employ oversea agents in spite of a lack of formal
institutions. Milgrom, North, and Weingast (1990) argue that the law merchant of
Champagne fairs of the 12th and 13th century can be seen as endogenously providing
information about traders’ past behavior thereby facilitating impersonal trade. I take
the transmission of information as given and focus on the effect of the transmission of
information on welfare and the choice of contracts. Modern analogies can be found in
the recent emergence and success of websites such as eBay and Amazon Marketplace,

which facilitate transactions between individuals by providing information about users’



past behavior.!

The question of why banks are more credible guarantors relates to a sub-string of
the literature on financial contracting initiated by Diamond (1984), who formally de-
fined the “who monitors the monitor” problem of financial intermediaries. He argued
that financing several (not perfectly correlated) projects lowers the overall variance of
the bank’s portfolio and thereby the enforcement costs of monitoring. In the model
presented here, the bank’s engagement in numerous relationships is essential too, but
for a different reason: more frequent interaction aggregates punishment for reneging.
In an entirely different setup, Chemmanur and Fulghieri (1994) capture a similar effect
by showing that an investment bank can build its reputation by interacting sequen-
tially with entrepreneurs — a phenomenon that has only recently drawn attention in
the international trade literature (exceptions are Thomas and Worrall, 1994 and Marin
and Schnitzer, 1995). To my knowledge this is the first paper to incorporate formally
both repeated interaction and incomplete contract enforcement into a standard general
equilibrium trade model.

The choice between (trade) credit extended by suppliers and credit extended by third
parties, such as banks, is of central interest to Peterson and Rajan (1997) and to Burkart
and Ellingsen (2004). The latter analyze a model in which suppliers’ superior ability to
monitor the buyer — and to liquidate assets in the event of nonpayment — can engender
the coexistence of both credit types.? Two interesting recent papers present theoretical
models of contract terms in international trade. Ahn (2011) presents a screening model
in which the additional risk of international compared with domestic trade is the more
costly screening process for identifying a credible partner. The role of banks in this
model is to provide additional screening technology. Ahn shows how economic down-
turns increase the relative riskiness of international trade and drive up the price of bank
guarantees, in line with empirical evidence (Auboin, 2009). Schmidt-Eisenlohr (2012)
varies the quality of contract enforcement and financing costs in exporting and importing
countries and analyzes the choice of contract terms in a model of asymmetric informa-

tion about partner creditworthiness. Unlike the papers just cited, I analyze the role

! Amazon Marketplace also handles the shipment between buyer and seller, and Lewis (2011) empha-
sizes the role that eBay Motors plays in reducing the disclosure costs of sellers and providing standard
contracts. Similar services are provided by banks in international trade but are not considered here.

2Despite some confusion on this score, the concepts of trade credit and trade finance are distinct.
Trade credit is a well-defined term in the corporate finance literature and usually refers to the extension
of credit by a seller to a buyer; it should be distinguished from trade finance, which is the extension of
credit by a third-party financial institution.



of repeated interaction and the transmission of information of past information, derive
the greater credibility of banks endogenously, analyze the conditions under which banks
can serve a beneficial role, analyze the interaction between trade policy and incomplete
contract enforcement, and argue that both financial and non-financial intermediaries can
function as mechanisms for establishing a reputation for honest behavior.

Section 2 discusses the higher risks of international trade and describes the tools
used in practice to overcome the risks. Section 3 presents the main model without inter-
mediaries and with fixed number of firms. Section 4 introduces pre-payment and shows
when the choice of contract is a strategic substitute or complement. Section 5 introduces
banks and non-financial institutions as intermediaries. 6 introduces endogenous entry of

firms and analyze trade policy. Section 7 concludes.

2 Risks of International Trade

Firms engaged in international trade face a number of risks that are either not present
or less severe for domestic trade. These risks pertain to the specific counterpart (e.g.,
the risk of its insolvency or fraud) as well as to the country of the counterpart (the
possibility of war, political unrest, exchange rate movements, unexpected import bans
or tariffs etc.).?

The transportation time inherent in most international trade implies that the trans-
actions are of a sequential nature. If a supplier (or more generally an exporter) requires
payment after he has made a shipment, typically referred to as an open account transac-
tion then he runs the risk of nonpayment by a final good producer (or more generally an
importer); conversely if the producer pays before receiving the shipment, a pre-payment
transaction, then he runs the risk that the supplier — having already secured his pay-
ment — will cheat on quality or not make the shipment. If neither party is willing to
bear the risk, then a bank can be asked to issue a letter of credit, whose workings are
illustrated in Figure 1.* In place of an open account shipment, the exporter gets a bank

(the issuing bank), which is usually located in the same country as the importer, to issue

3In addition to the longer transportation time, complications arise from the inclusion of multiple
legal systems (Stephan, Roin, and Wallace, 2004), the lack of familiarity with a foreign court, the
frequent bias of courts in favor of their own citizens (Clermont and Eisenberg, 1996). Though this does
not imply that enforcement problems are more of a problem for all international transactions than for
all domestic transactions, it does imply that the international aspect itself weakens enforcement.

4Risks of international trade are hardly a new concern. The origins of the letter of credit date back
to at least the letters of payment of 12th-century Italian city-states (McCullough, 1987).



a letter of credit that guarantees the payment on behalf of the importer and removes the
responsibility of collecting from the importer to the issuing bank. As the figure shows,
this mechanism replaces one payment obligation — the one between the importer and
the exporter — with two — one between the importer and his bank and another between
the bank and the exporter.®

Should the exporter seek further protection, he can confirm the letter of credit by
asking an additional bank (a confirming bank) to issue a guarantee that it will honor
the payment — if need be — as well as collect the money directly from the issuing
bank. A confirming bank is often located in the exporting country but need not be. The
industry standard is for the issuing and confirming bank to in long-standing relationships
supporting the importance of repeated interaction. Standard practice is for a confirmed
letter of credit to come bundled with liquidity; thus the exporter can obtain credit from
the confirming bank (often in the exporting country) before shipment and production.
This is treated as an extension in Appendix A.2.

Antras and Foley (2011), Glady and Potin (2011), and Niepmann and Schmidt-
Eisenlohr (2013) all find that the choice of contract depends strongly on the institutional
quality of the importing country. Antras and Foley (2011) also find that established
relationships (as measured by accumulated previous sales) have a positive effect on the
extent to which the exporter uses open account shipments. Distance is also found to be
positively related to the use of prepayment.

Glady and Potin (2011) estimate the total value of letters of credit to be around
$2.7 trillion in 2010. The market for letters of credit is highly concentrated, with a few
local banks dominating the issuance in each country. In the United States, 75 per cent
of the dollar value of issued letters of credit was handled by ten banks in 2005 (Klein,
2006, using data from Documentary Credit World). Rates vary substantially, but they
can be as high as 8 per cent of face value for the guarantee alone. A report by the
International Chamber of Commerce (2010) finds that rates have increased significantly
in developing countries during the recent crisis. Citi Bank, HSBC, and JP Morgan

Chase are large international players in confirming letters of credit. Letters of credit

5In practice, international sales contracts incorporate elements of both prepayment and open account
(say, 20% payment in advance, with balance due upon delivery). Antras and Foley (2011) document
more than a hundred different financing terms in their sample. Convex combinations of open account
and prepayment are a natural consequence of the theory presented below but are not explicitly modeled.

6Personal communication with Mr. Klein suggests that the market is even more concentrated today.
In most countries the market is more concentrated than in the United States, and issuers are usually local
banks. Exceptions include certain South American countries (Chile and Argentina), where Santander
— a Spanish bank — is dominant, and some Asian countries, where HSBC is dominant.
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Figure 1: The Letter of Credit. This figure illustrates the one incentive problem of open
account, the two incentive problems of an unconfirmed letter of credit (L/C) and
the three incentive problems of a confirmed L/C. In each case, there is only one
incentive problem between international parties.

usually have a maturity of less than 6 months. For projects of longer maturity, an
alternative is insurance from export credit agencies, which are partly government-funded.

These account for some 12 per cent of world trade (Gianturco, 2001).

3 The Model

I consider a dynamic, symmetric, two-country model with labor as the only input in
production. Time is discrete, ¢ = 0, 1, ..., and the stock of labor in each country is fixed
at L. I label the countries “home” and “foreign” (marked * when necessary) and describe

the conditions in the home country.

3.1 Demand

Preferences of a representative agent are standard and can be represented by a time
additive utility function with per-period utility described by a constant elasticity of
substitution (CES) utility function

U= (") Qf,z§+( v ) 7] 1)

t=0



where 0 < 6 < 1 is the discount factor of a representative agent and Q; p is a CES
aggregator over a continuum of exogenously given potential varieties of a final good
produced completely domestically and indexed by i € Mp. Q; is a corresponding CES
aggregator over final goods produced by international matches with i € Mz. Specifically:

Qt,z: l/ 4tz (Z)lel o , Z:D,I.
i€EM,

The parameter o > 1 captures the elasticity of substitution between varieties within an
aggregator and 1 < ¢ < o captures the elasticity of substitution between Qp and Q;.”
Only a subset of varieties M; p C Mp and M, ; C Mz will be active at any given time
t. Consumption of variety i of type z at time ¢ is denoted ¢, (). For a set of prices

(pt.» (1))izem, ., utility maximization gives an inverse demand function of

Prz (Qrz () = P2 (q1,2 (4) /Qt,z)_l/g ;1€ My, (2)

where P, is the ideal price index for aggregator z, P!, 7 = (pe (1)) 77 di, and

t,z

j‘iEMt,z
Q1. = iem,, Qe () di is the total quantity sold in home and:

Qip/Qir =v(l1 —v) Y(Pip/Pir)

3.2 Production

Each variety at home is produced by a home final good producer either with a home
supplier (for the varieties in the set Mp) or with a foreign supplier (for the set M;).
Whether a variety is produced in a domestic or international match is exogenously given.
Varieties can only be produced when producers are actively matched with a supplier.
At each point in time a producer can at most be connected to one supplier and vice
versa. The total mass of producers in a domestic or international match are Mp and
M7, respectively and the mass of suppliers in domestic and international relationships
are Np and N;. Both producers and suppliers have a probability 0 < 6° < 1 of surviving
from one period to the next. Since it is presently immaterial whether there are fixed
costs of production and whether the producer incurs costs of production, I omit such

costs for the sake of clarity and focus on a constant returns to scale (CRS) production

"The asymmetry between domestic and international varieties will not play much of a role until
Section 6 below and is only introduced here for completeness. For what follows € = o0— which constitutes
equal substitutability between all varieties— will not change the results.



technology where ¢ units of the intermediate input are needed for ¢ units of final goods.
All transportation is costless. I normalize the wage at home to 1 and let foreign wages be
w* such that cost of production are ¢ and qw*, respectively. All producers and suppliers

are wholly owned by domestic residents, and these holdings are completely diversified.

3.2.1 The Matching Process

At any point in time, each producer or supplier can be either matched or unmatched. A
match can lead to production (as previously described), but an unmatched producer or
supplier must await being matched before producing. This happens through a process
that follows the Pissarides (1985) labor market model but with a segregated matching
process as producers and suppliers who can potentially be international matches are
matched separately from those that can be in domestic matches. This stark dichotomy
is not necessary for the main conclusions; however, it serves to center the analysis on
issues of weak international contract enforcement and to simplify expressions (because
it ignores the extent to which domestic partners would be willing to punish reneging on
foreign partners). A more thorough discussion of alternative setups follows Proposition
1 in Section 3.4.8 Dropping subscripts, I describe the matching process for M producers
and N suppliers. Let A(1, M/N) be the steady state fraction of producers that are
matched and the fraction of suppliers that are matched A - M/N (the reason for the “1”
in the function will become clear below). At the end of the period, these relationships
can break exogenously for one of two reasons. Either one of the two parties dies (which
happens with independent probability (1—3°)) or the parties survive but the relationship
is broken (which happens with exogenous probability 7). An unmatched producer finds
a new partner with probability 7. Parties can break the relationship endogenously as
well, which will be covered below. In steady state the creation of new matches and the

destruction of old ones must be equal requiring;:
AM 1= (81 —m)] =7 [(1 = NM+AM(1— (6°)*(1 —m))],

where the left hand side is the mass of relationships breaking up with (§%)%(1 — )

being the fraction that does not. The right hand side is the number of new matches

8The dichotomy is imposed exogenously, but it could be given a micro foundation by letting there
be two distinct inputs where one country has a comparative advantage in one type of intermediate
inputs, say, low-skill labor-intensive inputs. In such a case, producers would primarily rely on either
international or domestic suppliers depending on the type of final good produced.



that are formed: (1 — A\)M is the number of firms who were already unmatched from
previous period, whereas AM (1 — (6%)?(1 — m,)) is the new firms coming into the pool of
unmatched firms each period. The fraction of producers who find a match every period

is given by
x

x+1

m(x) = p (3)

where

CN/M = A55)%(1 - )
T I A0 (1=m) (4)

and z is the relative mass of unmatched suppliers compared with unmatched producers.

Most of the results do not depend on the exact functional form of 7, but it will simplify
the exposition in section 6 below. I can therefore combine expressions and write A purely
as a function of M/N and 6%

™

=01 —m(1=m) (5)

A1, M/N) =

Note that the players of a match that breaks up at the end of a period could po-
tentially be matched at the beginning of the next period, whereas other discrete-time
specifications of the matching process require that parties wait at least one period as
unmatched (Petrongolo and Pissarides, 2001). This difference is immaterial for the anal-
ysis presented here, but it facilitates the comparison with model without search frictions
because in the limit of 7 — 1, a producer can be active every period, even with a positive
probability of a relationship ending (m, > 0). I will allow for endogenous entry in Section
6 below.

3.3 Incomplete International Contracting

The central concern of this paper is how market forces determine contract enforcement
internationally. As already mentioned issues of contract enforcement are generally more
severe between international partners than domestic. Presently, I set domestic prices
at the unconstrained optimum of a monopolist, pp = o/(¢ — 1) but when I introduce
endogenous entry of firms in Section 6 below I allow prices to be a consequence of
bargaining between domestic producers and suppliers.

Before describing the full game, I describe a one-shot interaction in an international
match between a home producer and a foreign supplier. This interaction is modeled

by the extensive game of perfect information illustrated in Figure 2a below (I drop the
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subscript i). After the two parties are matched, the sequence of events is as follows. First,
the producer offers an open account contract, (¢,7"), thereby requesting the shipment of
¢ units of the intermediate input by the supplier on the promise to pay him Tw*q upon
receipt of the goods. Hence, T should be thought of as a mark up over foreign wages.
Second, the supplier decides whether to reject the contract and ship nothing or to accept
it and ship the required quantity ¢. If the supplier rejects both players get zero. Third,
if the contract is accepted by the supplier then the producer receives the intermediate
inputs and produces the final good which is sold to obtain revenue of p(q) g (to easy
notation I will write p(q) suppressing the dependency of aggregate variables as described
in equation (2).) Fourth, the producer can choose to pay Tw*q, in which case he gets
(p(q) — Tw*)q and the supplier gets (T'— 1)w*q. If he chooses to renege on the payment
contract enforcement becomes important. I introduce imperfect contract enforcement
by following hart (1995): The producer has access to a “diversion” technology capable
of diverting the payment of Tw*q due to the supplier by spending ¢T'q units of labor,
0 < ¢ < 1, in which case the supplier gets nothing (see also Hart, 1995; Burkart and
Ellingsen, 2004).% Possible interpretations of the diversion technology include the cost of
bribing a local court not to enforce payment or the cost of diverting assets to a different
company and then declaring bankruptcy. In either event, I take ¢ as a measure of the
quality of the legal institution of the producer (the importer). Note, that with ¢ < 1 in a
one-shot game the producer will always divert leaving nothing for the supplier. Realizing

this, the supplier will refuse to make a shipment and no trade can take place.'”

9Attempt by counterparts to renege on payment or to seek renegotiation of contract are a recur-
ring concern for practitioners. The Institute of International Banking Law & Practice (2010) cites a
risk manager dealing with Chinese counterparts: “very minor inconsistencies such as punctuation and
spelling have been used as grounds for canceling a contract”. In addition a survey of American exporters
cited therein finds that around half of respondents would not trade with Chinese counterparts even with
a letter of credit issued by a Chinese bank.

10The stark result that no trade is possible in a one-shot interaction is not necessary for the results
that follow, but it substantially simplifies the exposition. In particular, it implies that the minmax
value of the producer (zero) is an outcome supportable as a subgame perfect equilibrium in the stage
game, such that the maximal punishment by the suppliers involves simple trigger strategies and not
also punish-the-punisher strategies, which would substantially complicate the analysis (Fudenberg and
Tirole, 1991). An alternative setup would be to consider a court that will enforce the payment of Tw*q
but only with probability ¢ which implies that the expected return to the supplier is (¢T — 1) w*q.
Given a wealth constraint of p(q) > T, a cost to the supplier of C' > maz, (¢p (q) — w*) ¢ for taking
the producer to court would again result in no trade in the one-shot interaction, and — except for the
condition on C — would be analytically identical to the present setting.

11
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Figure 2: (a) After a match is made, the producer offers the supplier a contract that requires
him to ship ¢ units and promises to pay him Tw*q upon receipt. If the supplier
accepts, the producer can divert payment at a cost of ¢pw*Tq < Tw*q. After this,
each player can unilaterally decide to break off the relationships returning both to
the pools of unmatched players. In a one-shot interaction, the producer will always
divert and the supplier will accept no contract with ¢ > 0. (b) After a match is
made, the bank can offer the producer a bank-guaranteed contract, requiring the
supplier to ship ¢/ units to the producer and the bank thereafter to pay w*T’q’ to
the producer in exchange for a fee of w*Fq’. The bank can divert payment at a
cost of pw*T"q" < w*T'q’ and would always do this in a one-shot game; once again
no trade is possible. my is the probability of a supplier matching.

3.4 The Repeated Game

I model the repeated interaction by embedding the stage game described before into an
infinitely repeated game of imperfect information (players do not know the game’s full
history). The set of players is the total set of producers and suppliers as well as “chance”
(denoted ¢): MU M* UN UN*Uec. At the beginning of every period, chance chooses
the active matches by splitting up active matches with the exogenous probability m,
replacing a fraction 1—§° of firms with new ones and matching unmatched producers and
suppliers (as described in Section 3.2.1). Once a match has been made, a producer and
a supplier play the stage game of Figure 2a. I refer to this as the “particular stage game”
to clarify that the economy features a continuum of such games played simultaneously
(or alternatively sequentially but without information about actions in the same stage

game, in keeping with the standard for extensive games). Once a particular stage game
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has been played, each player has the option of ending the relationship — in which case
both go back to the pools of unmatched players. Each player knows all actions played in
particular stage games that (s)he has been a part of, but does not necessarily know the
complete history of the game. After a particular stage game has been played, there is a
probability 0 < ¢ <1 that the outcome is communicated to all other players. If it is not
communicated then other players do not know of the outcome nor the original match.
The signal is the only way for a player to learn the outcome of a particular stage game
that (s)he was not a part of. The probability of communication is independent across
particular stage games.

The choice of equilibrium concept of this paper is the Perfect Bayesian Equilibrium
(PBE).! As is typical of games of this structure a large set of PBEs exists. The interest of
this paper is not to explore the full set of equilibria but to analyze the interaction between
search costs and incomplete contract enforcement. I therefore impose the following set

of restrictions on equilibrium strategies:

Criterion. The equilibrium strategies obey:

- a) Punishment: If a producer has not paid according to contract after the delivery
of goods, all players who are informed of this ‘punish’ him by refusing to work with him
in the future,

- b) Bilateral rationality: the contract terms between a matched pair of producer and
supplier are chosen so as to maximize the discounted profits of the producer, except in
case of previous non-payment (condition a). A supplier accepts and fulfills a contract
that makes him weakly better off,

- ¢) Independence: the actions of a matched pair of producer and supplier cannot be

dependent on previous actions, except in case of previous non-payment (condition a)

Some cost of deviation is necessary to sustain positive trade between producer and
supplier. Even without condition a) the cost of search in terms of time would provide
some incentives. However, as a part of this analysis will focus on the efficiency of trans-
mission of information I add condition a). Without it, the equilibrium would be captures
by the special case of no transmission of information (¢ = 0). Condition b) captures a
competitive industry. The fact that all profits are captures by the producer simplifies

matters, but is not essential. The supplier is given some bargaining power in section

T employ the concept of PBE rather than the Sequential Equilibrium originally proposed by Kreps
and Wilson (1982), because the latter’s standard definition admits only games of finite action space
(which this game is not).
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6 below. In Online Appendix I, I demonstrate that, for the steady-state distribution
of the matching process, there exists a unique equilibrium under these strategies sup-
portable as a PBE. The structure of this equilibrium is stationary and features trigger
strategies. In the following I describe the nature of the equilibrium leaving a complete
formal definition of the game to Appendix I (I focus on the interaction between home
international producers, M, and foreign international producers, Nj. Analogous results
hold for foreign international producers and home international suppliers).

Recall that households hold perfectly diversified portfolio implying risk-neutral firms,
and let the per-period profits obtained in the steady state PBE with the highest welfare
be Iy, = (p(q) — Tw*)q for producers and Iy = (T — 1)w*q for suppliers with (¢, T)
being the contract proposed for international transactions in equilibrium such that T
is to be interpreted as the markup the supplier gets over his cost of production, w*.
Consider an international match in which neither party has previously deviated from
the equilibrium strategy profile. Let V' denote the corresponding value function for a
matched producer (who will honor the contract) at the time when the producer offers a

contract:

V=I1+6[(1—m)d°V+(1-(1—-m)s) V"], (6)

where § = 6”0° combines the probability of survival and the preference discount factor
into a combined discount factor. The value of being matched is the sum of this period’s
profits, I, and the discounted value of next period’s value function. If the firm is alive
in the next period the relationship continues with probability (1 — )6 which combines
the probability of the partner surviving with the probability of the relationship not
exogenously breaking up. With the remaining probability 1 — (1 — ;)8 the relationship
ceases and the firm continues to the pool of unmatched players. The term V# denotes
the value of being an “honest” unmatched producer — that is, of there being no public

knowledge of any previous deviation from the equilibrium strategy. I therefore have:

I+ (1 (1 —m)e°) oVH

v 1= 5% (1 — mp) (7)

This expression reflects that the value of being in a relationship is the expected dis-
counted profits plus a term, §/ (1 — 569 (1 — 7rb)) VH  which captures the value of being
unmatched should the relationship break up, multiplied by the probability (1—(1—m;)d8)
of this happening. The value of being unmatched and honest is given by V# = 7V © +
§ (1 — )V since with probability m a match will be found within this period. That
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equation is readily solved to yield:

mll AP, M/N)T .
1-0)(1—6851—m)(1—m)  1—6 (8)

vH =

where \(6¥, M/N) can be interpreted as the fraction of periods a producer will be
matched, appropriately discounted for the fact that he starts unmatched (with A(67, M/N) <
A(1, M/N) and when §¥ — 1 this becomes immaterial and two expressions are equiva-
lent).

The central incentive constraint of the open account game involves the producer’s
decision concerning whether to divert payment. If he does, then the supplier will termi-
nate the relationship and with probability ¢ it will be publicly known that the producer
deviated. Although the present supplier will know that the producer is dishonest in any
case, the probability of matching with him again is zero.!? Hence the incentive constraint
is:

VT4 (1-¢)Tq+0 [pVP® + (1 - ) V], 9)
where V[ is the value to a producer who is publicly known for being dishonest. Since

exclusion is the worst possible punishment condition a) requires: Vi7* = 0. I can now

use equation (9) to write

5(55 (1 — 7Tb)
1— 065 (1—m)

M+6(p—@) VT > (1—¢)Tw'y, (10)

where ¢ = (1 — 0)(1 — m,)6°/(1 — 6(1 — 7m,)0°). The right-hand side is the immediate
gain from not paying the obligation of T'w*q to the supplier, while the left-hand side is
the corresponding loss from punishment. The value of communication, ¢, is central to
whether the existence of alternative partners encourages or discourages cooperation and
will play an important role in the rest of the paper. Note first that, without alternative
partners (say, for a zero probability of a producer to match again: 7 = 0so V# = 0), the
condition is completely standard: the expected discounted value of future cooperation

with the present supplier must be higher than the immediate gain from deviation. The

12T this equilibrium there are no defaults on the equilibrium path. There several ways this could be
incorporated into the present model. The most direct would be to introduce i.i.d. shocks to the demand
functions facing the producers. Then, ex post after a particularly negative shock to demand for the
producer, it might be optimal to default while keeping the participation constraint for the suppliers.
Such a setting would introduce interesting issues concerning the optimal length of time to punish a
deviation for the producer akin to a large literature on sovereign defaults.
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term § (¢ — @) VH adds the effect of the parties operating in a market with additional
potential partners and has an ambiguous sign. If the effectiveness of communication is
poor (¢ < @) then the existence of other partners acts to discourage cooperation because
the producer can potentially match with a new supplier, who is unlikely to be informed
about her previous behavior. If the effectiveness of communication is high (¢ > @)
then the existence of alternative relationships encourages honest behavior because such
behavior guarantees positive trade not only with the present partner but with all future
partners. I shall refer to ¢ < ¢ as poor transmission of information, and to ¢ > ¢
as good transmission of information, irrespective of ¢'s absolute value. The value of @
depends crucially on the exogenous probability m, that an existing relationship breaks
up: If m, = 0 and 6° = 1 then @ = 1 and the existence of other relationships is always
detrimental to cooperation: the value of other relationships is of no value to cooperating
partners but the producer could potentially find a new uninformed partner after diverting
payment.!?

For open account transactions, the only constraint for the producer is to ensure
cooperation. Hence the payment to the supplier that maximizes efficiency is T" = 1;

when combined with equation (8) this yields an incentive constraint of:

a(p/w*—1)g>(1-9¢)q, (11)
with 585 (1 — ) 5
=050 (1—m) " (1=0)

(07

A, M/N) (0= ) < 7o (12)

which gives a lower limit on markup and thereby restricts sales (if the limit is higher than
the monopoly markup of o/(0 —1)). The gain from reneging is proportional to payment
and therefore to quantity, whereas the reputational cost from reneging is proportional
to future profits and hence is concave in quantity. The trade-off is illustrated in Figure
3a, where the profit-maximizing quantity reached for a price of pp = o/(c — 1) is not
incentive compatible and where the lowest price that satisfies the incentive constraint of

inequality (11) is p/w* — 1 = (1 — ¢)/« for the corresponding shipment g. The ability

13Bernheim and Whinston (1990) and Opp (2012) also find that joint punishment can improve enforce-
ment. They differ in that players might operate in multiple industries at the same time and deviation
in one can be punished in all industries. As noted by Bernheim and Whinston (2012), however, if
industries are symmetric then both gains and punishment from deviations are scaled proportionally
and incentives to deviate remain the same. The sequential nature of this model implies that when
the transmission of information is sufficiently good, enforcement is always improved by the presence of
alternative partners.
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of reputational concerns to overcome imperfect contract enforcement is captured by a
single parameter of reputational concern, . It is the sum of two terms. The first term is
always positive and reflects the usual value of repeated interaction within a relationship,
where the chance of the relationship breaking up implies an effective discount factor
of §6%(1 — 7). The second term reflects the value of alternative partners and will be
positive if effectiveness of communication is good and negative if it is poor. For future
reference, I note that o < §/(1—4¢); that is, the reputational concerns are always (weakly)
lower than the reputational concerns of an isolated two-player game with no exogenous
breakup.!*

To close the model I need a labor market clearing condition for home and foreign:
ApMpgp + AfMrq; = L, A\pMpap + AiMiqr = L, (13)

where \p = A1, Mp/Np) and \; = A(1, M;/N;) and analogously for foreign values
A}, and A} and international products sold in foreign, ¢j, must be produced in home.
Further, a trade balance:

M Trw* Mrgr = N T M q7,

The left hand side is the total expenditure of home international producers on imports:
A mass of \;M; home producers are matched, they each purchase q; at a price of Trw*.
The right hand side is the corresponding number for foreign international producers.
Until Section 6, I only consider symmetric perturbations to the equilibrium and can

therefore keep symmetry which keeps w* = 1.

Proposition 1. The PBE satisfying conditions a)-c) has a unique allocation of produc-
tion that satisfies the following conditions (“O” for open account).*s

(i) Prices of the international relationships are

p° = max {1+ (1 —9¢)/a,0/(c — 1)} and suppliers in international relationships

are paid TC = 1, and o as defined in equation 12.

1410 the present setting, better contract enforcement always improves welfare by improving allocative
efficiency — although this simple result might not hold in a more general model. With three countries,
an improvement in contract enforcement between two of them would have effects analogous to those
described in the literature on trade creation and trade distortion ensuring ambiguous effects on welfare.
A similar point is made by Rauch and Casella (1998) with regard to a “search and matching” trade
model with bilateral improvements in search efficiency.

15 Again, 1 consider a symmetric setting so Ny = N}.
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(ii) Per-period welfare per worker is given by

€
e—1

{Pobal =+ 25 0t 50 o] )

e—1 =1 —€
[ApMple=T + 7% [\fM;]==T [p© /pp]

U(pova) =

- Per-period welfare is strictly decreasing in p° whenever p° > pp

(iii) The value of reputational concerns, «, (and consequently welfare) is increasing
in the discount factor (6F) and the efficiency of communication (o) and is decreasing
in the probability of a relationship breaking up (m,). Furthermore « is increasing in
the probability of a producer finding one, w, if and only if ¢ > @, where 0 < ¢ =
(1—6)(1 —m)0%/(1 —6(1 —m)6°%) < 1.

(iv) For good transmission of information, ¢ > @,

- more suppliers improve welfare : dv/dNj > 0.

- An increase in mass of producers, M, has an ambiguous effect on welfare but
limMI/Nlﬁodv/dMI > 0. Further, there exists an €' such that for all

e<é€: limMI/N}Hoodlogv/dlong <0

(v) For poor transmission of information, ¢ < @,

- more producers improve welfare: dv/dM > 0.

- An increase in mass of suppliers, My, has an ambiguous effect on welfare but
limag, /Ny —oodv/dNT > 0. Further, there exists an € such that for all

€ < €t limpg, Nz odlogv/dlogNy < 0
Proof. See Appendix I n

The sharp division between producers who deal only with domestic partners and
those who deal only with international partners facilitates the exposition, though the
qualitative effects would still be present in a more general model. Consider an alternative
setting of a single matching function such that there is positive steady-state probability
of ending up with a domestic or international partner for either producers or suppliers.
If domestic suppliers are willing to punish nonpayment to foreign suppliers then the
incentives for cooperation are even stronger, though they are weaker if domestic suppliers
are not willing. In either case, analogous results to those in Proposition 1 still hold
(available from the author on request). Moreover, the exogenous restriction to either
domestic or international matches implies that firms are prohibited from breaking off an
international match and then finding a domestic one. Such considerations would be of

interest for future research.
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Figure 3: The Incentive to Renege: (a) The gain from diverting payment is proportional to
quantity shipped, whereas the cost is proportional to future profits and so is con-
cave in quantity. The profit-maximizing quantity (peak of the cost curve) cannot
be reached without reneging; the highest quantity supportable is ¢© under open
account. (b) The cost of reneging is steeper with a bank guarantee because size
makes banks more credible, but the intercept is lower because the producer must
be compensated; here the highest quantity supportable is ¢Z.

Parts (iv) and (v) make clear that the effect of changes in the mass of producers and
suppliers (M; and N7y, respectively) depends on the transmission of information ().
An increase in the total mass of either producers or suppliers always increases the num-
ber of steady-state matches which increases welfare through the standard love-of-variety
channel. The matching process introduces an additional effect on incentives. Consider
the case where communication is good, ¢ > ¢, and increase the number of suppliers
N7j. In addition to the love-of-variety effect, this increase will improve an unmatched
producer’s odds of finding a new match and thus the incentives for cooperation. Wel-
fare increases both through the love-of-variety channel and through the expansion of
international trade from better incentives.

However, an increase in the mass M; of producers will reduce the chances of finding
a new match for any given producer; it will increase the number of varieties but will de-
crease incentives. For a low ratio of produces to suppliers (low M;/Nj) the former effect
dominates, whereas for a high number of producers the latter effect might dominate.
For poor communication, ¢ < ¢, the incentive effect works in the opposite direction: a

higher mass M; discourages deviation because a producer can then more easily find a
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new match should he break the current one by deviating.'6

3.4.1 Relation to the Empirical Literature

The equilibrium described above admits a gravity equation for total exports from home

to foreign:

_e=l e—1 |+ (1 — o—1
lOg [)\]MIQI] = —log 1+ [)\IMI] o—1 [)‘DMD] o1 ( ¢)

e —1
” - } } +log(L),
where exports are a positive function of «, the quality of contract enforcement (¢),
and the size of the economy (L). It follows straightforwardly that total trade depends
positively on the quality of legal institutions (¢) as documented in Anderson and Mar-
couiller (2002) and others. Furthermore, total trade depends positively on the easy of
communication (dlog (A\;Mqr) /da)(da/dy) > 0), consistent with an existing empirical
literature: Gould (1994) finds that trade of a country with the United States is posi-
tively correlated with recent immigration into that country, and Rauch (1999) finds a
positive link between trade and colonial links. Rauch and Trindade (2002) document
a similar link between Chinese trade and the size of ethnic Chinese populations. In an
extensive survey, Rauch (2001) argues that business networks use information flow to
overcome informational trade barriers by establishing the first contact between business
partners, and to ensure enforcement of contracts by communicating information of past
bad behavior, the latter being the focus on this paper.!” Rauch and Trindade (2002)
demonstrate that the effect of ethnic networks is stronger for differentiated products and
argue that, whereas finding a match is more difficult for differentiated products than for
products traded on an organized exchange, “the threat of community sanctions should
deter equally shipments of debased metals, rotting fruit, or stockings with runs”; these
authors conclude that their finding supports the search role of networks. Though, it
seems clear that networks serve both the role of encouraging informational flow and
enforcement, it is worth noting that, if diverting payment for differentiated products

(say, by claiming that they fail to meet specifications) is easier than for homogeneous

16 A similar argument can be made as regards the efficiency of the matching process, . An increase in
1 will make it easier for both types of players to find a match, and the number of steady-state matches
will increase. However, when transmission of information is poor it is straightforward to demonstrate
that, for low M;/N}, the effects of more steady-state matches can be dominated by a greater likelihood
of finding a new match, in which case a better search technology reduces welfare.

1"The model presented here suggests another role of business communities: restricting entry, which
(as demonstrated in lemma 1) can be welfare enhancing.
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products, then Rauch and Trindade’s (2002) result is equally consistent with the present
model since 9%log(A;M1qr)/(0pdp) < 0. In fact, Ranjan and Lee (2007) do find that

contract enforcement issues are more important for differentiated products.

4 Choice of Contracts

So far the model has only allowed for open account contracts which require the payment
after the delivery of goods. In practice, a plethora of contracts exists. In the following,
I introduce pre-payment contracts — which require the payment before the payment of
the good — and analyze the choice that producers make between these two contracts,
in particular its dependency on the contract choice of other players. I add to the choice
set of producers the possibility of offering pre-payment contracts. Since the supplier
receives the money up front, the incentive problem changes from that of the producer
diverting payment to that of the supplier shipping goods of lower quality (or, equivalently
shipping no goods). Much as in the open account setting, the supplier has access to a
technology that at the cost of pg (0 < p < 1) can produce a low-quality intermediate
input that is of no value to the producer.'® The particular stage game is such that; after
a match has been made, the supplier offers a contract (¢,T); if the producer accepts
(by paying T'q) then the supplier can choose whether or not to ship low-quality goods.
If he delivers goods of high quality then the profits are, as before, Iy, = (p(¢) —T) ¢
and Iy« = (T — 1) g; if he delivers goods of low quality then the producer’s and the
supplier’s profits are 0 and (T — p) g, respectively.!® As with the previous setup, in a
one-shot interaction the supplier would always ship a good of low quality and no trade
can take place.

A unique equilibrium need not exist. Consider an equilibrium in which each pro-
ducer offers an open account with probability p € [0, 1] and pre-payment contract with
probability 1 — . Then for reasons analogous to above the incentive constraint for a

producer under open account is:

5(5‘9 (1 - 7I'b)
1-—- 5(55 (1 - 7Tb)

Hj\o4+6(f—:?)/\(5p,M1/N}*) [pI0% + (1= Iy ] = (1-9)T%°, (15)

18As argued in footnote 10, I could explicitly model probabilistic court enforcement. Nothing of
substance would change in such a setup.

19T continue to consider symmetric equilibria, so formally foreign exists in the same equilibrium as
home. This does not change the basic point of multiple equilibria in the domestic setting but avoids
complications from the local choice of equilibrium affecting the terms of trade.
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Figure 4: Plot a: The curve labeled H% shows the value for a producer of offering an open
account contract as a function of the fraction of other producers who do so, u. 114,
is the corresponding value of offering a pre-payment. When all others offer open
account this is optimal for the producer whereas if all others offer pre-payment
this is optimal. In combination with an intermediate equilibrium this implies that
there are three equilibria. Plot b: demonstrates the case where communication is
poor. Here only one intermediate equilibrium exists.

where I1§;, as before is the per-period profits of a producer on open account and I1%;
is the per-period profits on pre-payment. Let II§. and II§. be the corresponding per-
period profits for the supplier and write the corresponding incentive condition for a

supplier when using pre-payment as:

(5(35 (1 - 7Tb)
1— 065 (1—m)

H§+5%)\(5P, M;/N7)Mp/Nj [pS. + (1 — pIIR.] > (1-p)T"q¢".
(16)

I consider parameters for which unconstrained trade cannot take place under either
contract form. I add the participation constraint of V¢, > VL which ensures that a
supplier would rather stay in a match using open account than break it up and return
to the pool of unmatched firms in search for a pre-payment contract.

Figure 4 illustrates the equilibria. Assume first that information travels well, ¢ > ¢,
and consider the choice for a producer of whether to offer pre-payment or open account.
If all producers offer pre-payment we must have I1%. > 0 and the outside option of the
supplier is positive. When information travels well, a positive outside option increases
the incentive to cooperate and the use of pre-payment contracts becomes relatively more

attractive. Hence, when information travels well, the choice of contract are strategic
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complements. As a consequence there exists parameter values for which both y = 0 and
i = 1 are equilibria. In addition, there exists one (and only one) mixed equilibrium where
producers choose open account with a positive probability of less than 1 (or alternatively
a fixed share always plays open account). For remaining parameter values there exists
a unique equilibrium with either =0 or p = 1.

Alternatively, consider the case where information travels poorly, ¢ < @. If all other
producers offer pre-payment the outside option of the supplier is positive. Since infor-
mation travels poorly this reduces the incentive to adhere to a pre-payment contract and
makes pre-payment less attractive. As a consequence, choice of contracts is a strategic
substitute and for ¢ < ¢ there exist parameter values for which only a mixed equilibrium
is possible.

Finally, a higher M;/N; (and symmetrically higher M} /Ny) increases the probability
of a supplier finding a match. When ¢ > ¢ this increases the parameter space for which
pre-payment is preferable.

These results are summarized in the proposition below:

Proposition 2. Consider the equations (15) and (16) and consider parameters for which
unconstrained trade is not possible. Then

i) If ¢ > @ such that communication is high:

- There exists a set of parameters for which there are three equilibria: 1) All producers
choose pre-payment terms (u=0), 2) All producers choose open account terms (u = 1),
3) A mizture of contracts is used and each producer is indifferent between the two. The
equilibria cannot in general be welfare-ranked. For the remaining parameters there is
only one equilibrium.

- The set of parameters for which only the use of pre-payment is a possible equilibrium
1s increasing in the mass of producers, M; and decreasing in the number of suppliers,
N7.

ir) If ¢ < @ such that communication is high:

- There exists a set of parameters for which only a mixed equilibrium exist and the
producer is indifferent between open account and pre-payment. For the remaining pa-
rameters there is only one equilibrium, either only pre-payment or only open account.

- The set of parameters for which only the use of pre-payment is a possible equilibrium
is decreasing in the mass of producers, M; and increasing in the number of suppliers,
Ny.

1) If ¢ = @ only one equilibrium exists: Either everybody uses pre-payment or
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everybody uses open account.

Having introduces pre-payment contracts I now consider a third widely used form of

contract: the letter of credit intermediated by banks.

Proof. See Appendix C n

5 Banks in International Trade

This section demonstrates that banks — through more frequent interaction with multiple
players — can provide guarantees (letters of credit) when the parties cannot themselves
ensure efficient trade. Appendix B makes an analogous argument for large non-financial
intermediaries such as trading companies in guaranteeing the quality of shipments. As
discussed in Section 2 the use of a letter of credit introduces two payment obligations
in place of one. However, with perfect domestic contract enforcement and only one
international payment obligation I can restrict attention to the payment obligation of
the banks towards the supplier(s). I analyze the case of a letter of credit which is not
backed up by a confirming bank in the exporting country. The confirmed letter of credit

is treated in section A.2

5.1 The Bank’s Problem

I incorporate a simple extension of the model presented in Section 3.3 to allow for a
bank in each country. This assumption is not made solely for analytical convenience. As
discussed in the Introduction, this is a highly concentrated industry with either a single
player or a few dominating players in each country (Klein, 2006).

The set of players is extended to BU B* UM U M*UN UN* U ¢, where B is a
single bank in the home country and B* is a single bank in the foreign country. The
matching process remains the same; the only change is that, for each particular stage
game, the bank is introduced as an additional player and is allowed the first move (see
Figure 2b). For each such game the bank makes an offer to the producer — a letter
of credit — consisting of three elements (¢', 7", F'), where (¢, T") denotes quantity and
payment (per-unit) to the supplier and F' is the (per unit) fee to the bank. If the
producer rejects the bank’s offer then he can offer an open account contract (¢, T') to the
supplier, and thereafter the producer decides whether to accept this with the individual

stage game continuing as previously described. If the producer accepts the bank’s offer,
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then he offers (¢/,7") to the supplier under the mutual understanding that payment
is guaranteed by the bank through the letter of credit. The supplier then makes the
shipment and, upon receipt, the producer is obligated to pay the bank (F 4+ T7") ¢ and
the bank is obligated to pay the supplier 7"¢' (recall that this obligation is the only
international one). In this scenario, the per-period profits are thus (p(¢') —T" — F) ¢/,
(T" —1) ¢ and F¢ for the producer, the supplier, and the bank, respectively.

To emphasize that additional reputational concerns arise endogenously, I let the bank
have access to the same diversion technology as the producers: by employing ¢7T"¢" units
of labor the bank can avoid the payment of 7"¢’. As in the open account game, no
one-shot interaction can lead to trade: it always pays for the bank to divert payment
and so the supplier, anticipating this, rejects any contract. Furthermore, as with a single
producer, if the bank diverts on one supplier (of measure 0) then there is a probability
¢ that all suppliers (of potentially positive measure) will find out — independently
for each time the bank diverts payment. The assumption that ¢ > 0 when combined
with the independence of signals implies that, if the bank defaults on a positive mass
of suppliers all agents will know (almost surely).?’ The bank is jointly owned by all
domestic residents, and it inherits the discount factor () of the representative agent.

Models of this type feature a large set of equilibria, including some that give lower
utility to producers and suppliers than in the open account equilibrium without the
bank. I restrict attention to equilibria in which producers and suppliers are at least as
well off as in the open account equilibrium.

I impose the criterion on the equilibrium that producers should always be able to
bypass the bank and offer open account transactions without this being considered a

deviation.?!
Criterion. Final good producers can choose open account shipment with price p©.

The structure of the equilibrium that maximizes total welfare is very similar to the

one of Proposition 1 and is omitted. Again it is stationary. If banks can provide a service

20Consider the analogous discrete setting, in which a bank guarantees the sales 72 M and each firm
has sales of T2 A. With independent signals if the bank defaults on all obligations there is a probability
1—(1— )M /A that it will be public knowledge that the bank has deviated at least once. Taking the
limit of A — 0 gives the continuous case with a corresponding probability of 1.

21This is more restrictive than needed for what follows. What is essential for the qualitative results
(in particular Lemma A.1) is that the bank cannot capture the entire surplus and what the producer
captures is increasing in the level of contract enforcement. As this is not a model of adverse selection,
issues such as those presented by Lizzeri (1999) — where lack of certification by a third party signals
low quality — do not arise.
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they will do so for all in the equilibrium that maximizes total welfare. Denote equilib-
rium value ‘B’ for bank and let the equilibrium contract for international shipments be
(¢B,TB, FP). The corresponding value function of the bank if it honors the contract can

be written as:
M MqPFP

1—6 7

since the bank guarantees the mass of A(1, M/N)M; active producers engaged in inter-

W = AN Mq"FP + 6W =

national trade. In complete analogy with Section 3.4, the value functions of producers
and suppliers, V.2, x = M, N, are as in equations (7) and (8) except that profits now
correspond to the contract (¢%, T8, FB).

To derive the appropriate incentive constraints, consider first the case in which the
bank diverts the payment due to just one supplier. Because a single supplier is of measure
0, the bank’s gain from deviating is also of measure 0. Given the positive probability
(¢ > 0) that any deviation will be communicated to all suppliers, any strictly positive
punishment cost will make such deviation undesirable, and if the bank deviates it will do
so on all suppliers. Because punishment by exclusion remains possible, such deviation

will return a future value of zero. Thus the bank’s incentive constraint is

MMgPFP > XMy (1—¢)TP¢% +46-0, (17)

1—90

since the value of continuing the relationship must be higher than the gain from diverting.
Imposing that producers can use open account, charge p°, and sell (p°/p(¢?))=7¢"

delivers the following proposition:

Proposition 3. In the game with a bank, the perfect Bayesian equilibrium with the
highest welfare has the unique allocation of production as follows.
Let P C R* be the set of p for which the inequality

1%5 P10 =1) (/)] = (1 -0) (18)

holds. If P = @ , then no equilibrium with banks is possible and the PBE with the highest
welfare is that of Proposition 1. In this case, welfare is identical to the open account
economy.

If P+ @, then p® = max{pp,min{P}} and TB = 1. In this case the following

statements hold.

(i) pP is increasing in the quality of communication (p) but is decreasing in the
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probability of a relationship breaking up (my); pP is increasing in M;/N; if and only if
w > Q.
(ii) Welfare per worker is given by

{[ADMD]% + 1 A M7 [pB/pD}l_e}eil

O

U(p 7pD) == — - — —
[ApMp]o=t + 75 [MiMi] =" [p” /pp)]

and is decreasing in p®

Equation (18) is again a limit on the markup for analogous reasons as for the open
account economy, but differs from equation (11) due to two effects, illustrated in Figures
2a and 2b:

The size effect, reflected in §/ (1 — ) > «a, comes from the bank guaranteeing mul-
tiple producers, which improves credibility for two reasons: The bank interacts every
period, whereas the inefficiency of the matching process is such that a producer does
not expect to interact every period. This difference raises the effective discount factor
for the bank. In addition, the issue of simultaneous guarantees for multiple producers
increases the possibility of collective punishment because multiple diversions of payment
increases the probability of such behavior being communicated. In effect, size makes
deviations more visible. In Figure 2b this effect is illustrated by a steeper cost of divert-
ing payment. Only in two special cases will 6/ (1 — J) = . The first is when producer
and supplier are exogenously matched with no chance of the relationship exogenously
ending (6°(1 —m,) = 1) nor of the producer finding a new partner if it is ended by choice
(m = 0). The second special case is when a new partner is found with probability 1 and
communication is perfect, m = ¢ = 1, which completely undermines the size advantage
of the bank. This explains why a bank cannot credibly guarantee the payment of just
one producer.??

The rent effect counters the size effect: the bank must ensure that the producer
receives the same profits with a letter of credit as he would have with an open account

transaction. This leaves less rent for the bank, which reduces the incentive for honoring

22The increased credibility from the guaranteeing of multiple contracts is related, but distinct from the
mechanism of Diamond (1984). In that paper a bank finances multiple entrepreneurs with risky projects
and the law of large numbers ensures that the overall portfolio is less risky reducing monitoring costs.
In Ramakrishnan and Thakor (1984)’s work on financial intermediation multiple draws also guarantees
less variance of the underlying payoff distribution. In the present paper, however, the underlying sales
is non-stochastic, and though the multiple draws from a distribution plays a role it is to facilitate the
communication of a deviation.
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the contract. The importance of rents for sufficient reputation has been discussed in the
context of banks (for a review, Allen and Gale, 2000, chapter 8) and in the context of
brand labels by Klein and Leffler (1981). In both contexts, a crucial issue is whether or
not competition is good for efficiency. In fact, an earlier version of this paper showed
that, in a model where banks are engaged in competition of the Hotelling variety, com-
petition hurts profits sufficiently to reduce overall welfare (Olsen, 2011). The rent effect
implies that small perturbations in parameters might leave the bank with insufficient
reputational concerns for any equilibrium with a bank to exist and create a discontinuity.
See Appendix A.1 for details.

The crucial difference between the agency problems of open account and prepayment
make it clear why letters of credit are better substitutes for open account: banks have
little expertise in enforcing quality from the exporter, whereas intermediaries (trading
companies) often have special knowledge and branches located in the country of the
exporter. Analogously to Proposition 3, I can extend the model of prepayment by
allowing for a large intermediary (trading company), in each country, that is wholly
owned by domestic residents (details in Appendix B). Once again, the extent of the
intermediary’s role depends on how well firms can trade internationally without the
intermediary. For products with high turnover (high m,) or when information about
past performance is poorly communicated (low ¢) the trading companies serve a natural
function. Such intermediaries will be large — consistent with the findings in Ahn,
Khandelwal, and Wei (2011) — so that they can credibly guarantee the shipment of
high-quality goods, and they will specialize in a few markets (and be located in the
exporter’s country) so that they can better enforce sufficient quality. These facts are
consistent with the role of many intermediaries that facilitate exports from developing
countries. They will also need to secure substantial rents to be credible which suggests
that the widespread complaints about the exploitative nature of trading companies might
have to be qualified. Feenstra and Hanson (2004) document the important role that
Hong Kong intermediaries play in intermediating trade between China and the rest of
the world. They attribute this to intermediaries role in facilitating contact as well as
guaranteeing quality and further show that the intermediaries charge a higher markup
for differentiated products consistent with the theory presented here. Ahn and coauthors
show that currently intermediaries account for about 20 per cent of both Chinese exports
and imports. They argue that such intermediaries allow a large set of firms to export

indirectly when they cannot afford to do so directly (Akerman, 2012 and Bernard, Grazzi
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and Tomasi, 2014 also focus on the role of intermediaries as overcoming fixed costs of
exporting). These authors focus on the exogenous fixed costs of exporting, but the model
presented here suggests an alternative explanation: many Chinese firms cannot engage
credibly in international trade, so these intermediaries are needed as facilitators. Much
as before, there are two requirements of effective functioning: the intermediary must be
better (than are the partners themselves) at enforcing quality and payment from from
suppliers, which suggests that they should be located in the same country; and they must
be large enough to engage credibly in international trade. These requirements comport
with empirical facts: such intermediaries are larger than and focus more narrowly on
particular countries than firms that export directly.

The transmission of information also interacts with the relative probabilities of find-
ing a match. Consider a market with many producers and few suppliers, such that the
probability of finding a new match is high for the supplier. With good transmission of
information (¢ > @) this encourages the use of pre-payment because the cost of reneging
will be higher for the supplier. An argument analogous to that in these case of bank
guarantees establishes the greater credibility of a player who interacts with multiple part-
ners.?2 When combined, these two results suggest that the incentive to deviate should
be put on the larger or more frequently interacting partner. This argument is consistent
with the findings of Blum et. al. (2010), who find that trade with Chile almost always
includes at least one “large” player, and with those of Antras and Foley (2011), who find
that the large American exporter they studied extends open account conditions more
frequently to firms with which it has interacted frequently in the past.

The analysis so far has analyzed the choice of contracts taking the set of firms as

given. In the following I endogenize the choice of entry.

6 Endogenous Entry of firms

In the preceding sections the set of firms was taken as exogenous. In the following I
allow for endogenous entry of firm. To do this, I extend the model along a number

of dimensions. For concreteness, in the following I consider only pre-payment contracts

23The present paper makes this point in a rather stark matter by assuming that individual firms can
have only one trading partner, whereas banks serve a continuum of firms. The present model could be
extended to allow for firms to trade with several partners — along the lines of Acemoglu and Hawkins
(2010) — in which case firms who trade with more partners would be better able to build reputational
concerns.
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(and drop super-scripts ‘P’). Little of substance is lost in this. In the following I consider
the interaction between international home producers and foreign international suppliers
and discuss below how this differ from the other types of relationships.

First, new firms have to pay an upfront cost of f in labor units to enter. I only
consider steady states which ensures that a free entry condition of V¥ = f, forx = N, M
and VI = w*f for 2* = M}, N; is binding. For a home international producer this can

be written as:

1 ) 1 ;
f = T NO" M Ny = 5= M6", My /N ——

Trqrw* (20)

Since entry costs are paid in domestic labor, but production is done with foreign
labor the foreign wage only appears on the right hand side.
For the foreign international supplier the free entry condition is:
w'f = ﬁwf’, M;/Ny)M; /Ny~ = m)\(ép, M;/Ny)M;/N; (Ty — 1)qrw*, (21)
which consequently does not depend (directly) on w*.
Taking the ratio of equation (20) and (21) I find:

T; — 1 A(67, M;/N})M; /N7 Ty — 1M,

(o —1 — (o1 .
w” = (o >TI (67, M;/N}) (o )TI N;

(22)

where, all else equal, higher foreign wages will discourage the entry of firms abroad and is
associated with relatively more home international producers than foreign international
suppliers. Furthermore, a higher payment to suppliers, 77, will encourage more entry of
foreign suppliers and increase M;/Nj.

Second, bargaining between the two parties take place using symmetric Nash bar-

gaining (weight of 1/2). That is, the producer and supplier solve the problem of:
mazplog(Vay — Vi) + log(Vy — Vi), (23)

where from equation (7) above:

_ M +0(1 - (A =m)0%) Vi . Ty 461 — (1= m)0%) Vit
M 1—665(1 — m) I 1—665(1 — m) ’

and the parties take V{7 and V. as given.
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If the problem were not constrained this would lead to a payment to the supplier of:

Ty
T, —1

1 = A", Mi/Nj) My /N;
1— X ’

o+ (c—1) (24)
which shows that higher M;/N; (which decreases A\(6F, M;/N7) and increases

A(6F, M;/N;)M;/N;) increases the likelihood for a supplier of finding a match, im-
proves her outside option, and consequently requires a higher payment 77. Note, that
T7 does not depend directly on relative wages, w*.

In general the problem is constrained by the incentive constraints of the supplier

which, using the definition of Vi« and equation (16) can be written as:

00°(1—m)  O(p = @)A(O", My/Nj)M; /Ny
1= 0051 —m) 1-0 =(@=p)o—1).

T, (25)
When communication is poor (¢ < @) a higher chance of finding a match for a supplier
N(6F, My /N;)M;/N; reduces the incentive for honest behavior and the payment to the
supplier, T7, must be correspondingly higher. The incentive does not depend on w*. The
resulting payment to the supplier, 77, will be whichever is the highest of equation (24)
and (25). I will denote this resulting function by 77 = T'(M/N;).

I combine equations (22), (24) and (25) in (77, M;/N;) space in Figure 5 below.
As discussed above, the free entry condition is downward-sloping and the bargaining
condition is upward-sloping. When communication is good the incentive constraint
is downward sloping, whereas it is upward sloping if communication is bad.?* The
equilibrium 77 and M;/N; is where the free entry condition intersects with the upper
envelope of the bargaining and incentive condition.

Consider a change in foreign wages and focus on the case where the intersection is

between the incentive constraint and the free entry condition (illustrated in Figure 5).

241 have drawn the figure such that the free entry condition is steeper than the incentive constraint.
Numerical simulations demonstrate that this is always true when Nash bargaining is symmetric. More
generally, with generalized Nash bargaining, in particular when the weight on the producer approaches
one, the incentive constraint might be steeper. Although, this would be an equilibrium, when this is
true there always exists two additional equilibria: one where the free entry condition and the incentive
condition intersect above the bargaining condition and one where the bargaining condition and the
free entry condition intersect above the incentive condition. Then, this equilibrium is ‘unstable’ in the
standard informal sense that if by mistake slightly more or slightly less than the equilibrium condition
of M;/Nj, entered the incentive condition would encourage further deviation until one of the two
alternative ‘stable’ equilibria were met. Since issues of multiple equilibria are not the focus here, I
restrict attention to the symmetric Nash bargaining. The unique equilibrium is the only substantial
consequence of symmetric Nash bargaining.
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An increase in foreign wages discourages the entry of foreign producers, N; and increases
the probability that a foreign producer finds a match. When communication is good this
acts as a deterrent and reduces the required payment 77. The opposite will happen when
communication is poor. Finally, if the intersection is between the bargaining condition
and the free entry condition, the lower entry of foreign suppliers will unambiguously
increase their outside option and thereby their payment.

Analogous reasoning applies for the other three types of relationships. However, for
domestic relationships there is no dependency on w*. Further for simplicity I continue
to assume perfect domestic contract enforcement such that the intersection is between

the bargaining condition and the free entry condition.

Free Entry
A Condition

Bargaining
Condition

Incentive
Constraint

o (@9

Increase in w*

-
»

M/N*,

Figure 5: The Free Entry Condition describes a negative relationship between the payment
to suppliers, T7, and the relative number of producers, M;/N;. The downward
sloping Incentive Constraint, reflects a higher relative number of producers, M;/N;
means that a supplier will be matched more often, which — when communication
is good (p > @) — reduces the need to incentive via payment T;. When ¢ < @ the
Incentive Constraint is upward sloping. The upward sloping bargaining requires a
higher payment to suppliers when there are relatively more producers. The inter-
section between the Free Entry Condition and the upper envelope of the Incentive
Constraint and Bargaining condition determines the equilibrium (77, M;/N}). An
increase in foreign wages will reduce the entry of foreign producers and when the In-
centive Constraint is downward-sloping reduce the required payment to the foreign
suppliers.

I can combine these results into the following lemma

Lemma 1. For given w*, the equilibrium T; and M;/N} are the solution to:

T, — 1M,
T, N;’

w* = (oc—1)
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and T(M/N) defined as whichever of the following two gives the highest T;:

1;
-1

1— A\ M;/N;
1—x

Bargaining : =0+ (c—1)

00°(1 — m) L Ol = )M M/NG

1—065(1 —m) 1-6 =(1=po-1),

Incentive Constraint . 1;

It holds that T} is

i) increasing in w* if the incentive condition is binding and communication is good
> p.

it) decreasing in w* if the incentive condition is binding and communication is poor
@ < @ or the bargaining condition is binding.

iii) the opposite results hold for Ty .

i) Tp and T} are found at the intersection of the bargaining condition and the free

entry condition at w* =1 and are not a function of w*.

Naturally, w* cannot be taken as an exogenous variable and will take center stage
in the analysis of trade policy below. Before that, however, I perform a few symmetric
comparative statics so I can continue to consider w* = 1. The labor market clearing

condition (13) is extended to:
ApMpap + NjMjq; + (1= 0%)f [Mp + Np + My + Ni] = L, (26)

where the last term on the left hand side the fixed cost required to replace the fraction
(1 — &%) of home firms that die every period. An analogous equation exists for foreign
which, by the assumption of symmetry, also has a stock of labor of L.

An increase in contract enforcement, p, shifts the incentive condition downwards.
Naturally, if the equilibrium is at the intersection between the free entry condition and
the bargaining condition an increase in p has no impact on the equilibrium values of T}
and M;/Njf, whereas if the equilibrium is at the intersection of incentive constraint and
the free entry condition better enforcement allows for lower payment to the supplier:
dlogT;/dp < 0 which implies relatively less entry of suppliers, dlog(M;/N;})/dp > 0.
The impact on per-period utility is (details in Appendix E.1):

dlog(M;/N})  dlogq;
+ ;
dp dp

sign {‘fi—lﬂ = sign {{[MI IN; + 1] ey, + 1} (27)
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where €y, = dlog\;/dlog(M;/N;) and dlogqr/dp > 0. For a given M;/N; the fact that
T7 > 1 means that production is too low and an increase in q; improves efficiency. The
increase in M;/N; has an ambiguous impact on utility. Symmetry in the matching func-
tion and equal fixed costs of production implies that for given ¢;, M;/N; = 1 is optimal:
at M;/Nj =1, €5, = —1/2 and the term in the curly brackets is zero. For M;/N} > 1
the term is negative and a relative increase in M;/N; reduces utility. However, the
latter term in expression (27) always dominates and dU/dp > 0 unambiguously. Similar
reasoning demonstrates that when the incentive constraint is binding: dU/dm, < 0 and
dU/dé > 0 : a higher break-up rate of relationships, m,, reduces the incentive to cooper-
ate in the current period, requires a higher payment to suppliers which reduces ¢; and

reduces efficiency. A higher probability of survival, §, has the opposite effect.

6.1 Trade Policy through tariffs

I allow home government to impose a (gross) tariff of 7 > 0 on the import of goods
from abroad, with 7 the corresponding value for foreign import. Consequently prices
of domestic varieties in home are set at 5T and prices of international varieties in
home are —Zzw*TT7(M;/N7). Using the utility function (1), the relative consumption of
domestic and foreign varieties must satisfy Qp/Q; = (Pp/Pr)~¢ which by substitution

can be written as:

1—v [ApMp]= [rTiw*]
e ] 2]
ar v

B A M; Tp

With endogenous entry and new firms starting as unmatched the steady state will
not be reached instantaneously. This makes optimal policy that changes the entry of
firms a complicated dynamic problem. Since these dynamic considerations are not of
importance to the central points of the paper, I will simplify matters and let the objective
function of policy makers be the steady state utility. That, is in the following I impose

the following assumption
Criterion. No discounting of future periods: 6* — 1.

And the policy maker will therefore maximize the per-period utility in steady state:

U= (05 +w/a-mie) . (29)

Before proceeding, I first note that the globally welfare maximizing steady state

allocation is given by:
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Lemma. Consider the problem of choosing mass of firms so as to mazximize the sum of
per-period utility home and abroad U + U*. The solution entails that all firms produce:
2(1—6%)f
s 2L =0")f

whereas total entry is:

e—1 —1
v e(oc—e) L
Mp = Np =My =N = |1 -
p=ap =D =D +(1—y) ]20(1—55)f

L 1—p\da - L
v 20(1 —0%)f

Proof. K O]

M;=N;=Mj=Nj =

The symmetry of the matching function and the fixed costs of entry implies that the
optimum is achieved where the number of a producers and suppliers of a particular type
are equal. In particular home domestic matches must have Mp = Np. The optimal
production for each firm balances the fixed cost of production of creating a new firm
with a love-of-variety gain from more varieties. As a consequence the optimal production
is increasing in both fixed costs, f and the elasticity of substitution between varieties, o.
Furthermore, the higher is the fraction of periods a firm will be in operation the lower
will the production be per period. The optimal production is independent of the relative
weight on domestic varieties and v only determines the relative number of domestic
varieties.

The equilibrium cannot be efficient. To see this, suppose that the condition on equal
entry of producers and suppliers is met: Mp = Np. Then I can use the free entry

condition of producers and suppliers, to find:

2f T; - 2f )
M1, 1) (a—1 = 1)) <xnlv=é

implying production would be too low or equivalently too much entry. This is akin to

qr =

a “double-markup” feature, as the fact that two firms enter means that the price is set
at the inefficiently high Tj0 /(0 — 1) and sales are inefficiently low. In general, however,
production in the market equilibrium need not be lower than that of a the efficient

allocation: For Ty — 1, equation (21) shows that ¢; — oo.
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I'll let home and foreign choose tariffs simultaneously. The corresponding (symmet-
ric) equilibrium reduces to a set of two identical first order conditions in home and
foreign (see Appendix F)

€xg

T
dlog(My) o1 (1 + ETITil) dlog(w*)

1—771 =0. 30
[ T } dr + 1+T€1T—Il dr ’ (30)

where e, = dlog(Ty)/dlog(M;/N;) and A > 0 is the determinant of a 2x2 system whose
exact expression can be found in the appendix. A higher tariff will reduce the number of
home international producers as well as demand for foreign labor (dlog(M;)/dr, dlogw* /dT <
0). Reducing foreign wages will impact the domestic home representative agent for three
reasons: First, the term -2 /(1 + er, /(T; — 1)) = -2 dlog())/dlogw* < 0 captures that

o—1

lower foreign wags encourages the entry of foreign suppliers and increases the probabil-
ity of a match for a home international producer which benefits the home representative
agent. The term (1 + er,T7/(T7 — 1)) reflects a terms-of-trade effect: It consists of the
usual improvements in terms of trade from lower foreign wages, w* (the “17), but in
addition features a change in the payment to foreign suppliers, T;. If e > 0 this is
an additional benefit because lower M;/N; reduces payment to foreign suppliers, 17,

whereas if e; < 0 lower foreign wages will increase the payment to foreign suppliers.

However, it can be demonstrated that [;A_fl — (1 + GT’%H is always negative and
lower foreign wages always benefit home. This must be weighted against the distortion
of higher tariffs reducing the mass of home international producers and consequently an

equilibrium must always feature 7 = 7% > 1.

6.2 Increasing Returns to Scale in the Matching Function

Note, that in a symmetric equilibrium in which w* = 1 and the two countries impose
the same trade policy, the equilibrium values of T; and M;/N; are the same in the
Nash equilibrium of trade policy and a setting with with no import tariffs. Higher tariffs
only serve to reduce the number of producers and therefore active international products
at home and in foreign, and the welfare gains from mutual trade liberalization comes
from more varieties of foreign products. This depends crucially on the constant-returns-
to-scale assumption embedded in A. To see this, consider replacing equation (5) with
a function A(1, M/N, M) where for given M/N dX/OM > 0 (say by replacing 3 with

muM®z/(1 + x)). 1 denote the (partial) elasticities as €} and e;\\j s for international
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matches and correspondingly for domestic matches. Let 7 = 7 = 7* denote the common
tariff rate. In Appendix D I show that:

cie— 17" AU
U1/€ - €
{ @ = } dlog?

1 E:\1765\D/T
[1— 2] 55 + 2 ) dlogM;
(Tr=1) (01l T X dlog7 ’

T
(T171)+6A/}/N

(31)

A
(TD—l)(U—l)-‘rE]\/[D/N eTD

_i_Ll _ 1
T
o—1Tt1 (TD71)+EJ\/ID/N M o—1

where symmetric trade liberalization increases domestic varieties such that di;/d7 < 0.
The first term reflects the same effect as the first term in equation 30: A lower tariff en-
courages more entry of producers in international relationships (both home and abroad)
which increases welfare. The second term is new and reflects an increase in matching
efficiency from more firms in international relationships minus the corresponding de-
crease in efficiency from domestic relationships. With 7 > 1 international consumption
is inefficiently low and if eij = e%f a reduction in tariffs increase overall welfare. The
third term (which is always positive) reflects the fact that Tp decreases with lower Mp
(eP > 0) which reduces the distortion between number of domestic producers Mp and
domestic production per firm, gp. The fact that sign(eﬁ) = sign(@ — ¢) (see Appendix
D) implies that the fourth term can be both positive and negative. If communication is
good (¢ > @) an increase in the mass of producers, M; — which increase the probability
of match for the supplier — will reduce the incentive to deviate, lower T; and thereby
increase efficiency. In this case symmetric trade liberalization unambigiously increases
welfare.

For the remainder of the paper, I restrict attention to constant-returns-to-scale

matching functions.

6.3 Entry subsidies

Given the inefficient entry of producers and suppliers, a natural policy question is the
taxation or subsidization of entry. In the following I allow for the subsidy of entry by
introducing x%; and x, as the subsidy (measured in units of labor) to home domestic

and international producers with Y% and z}; the corresponding values for home suppliers.
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Hence, the entry condition for home international producers and suppliers is:

1 1
A
1-0"o—1

TIqIU}*7 (32)

1 k * *k *
f=xn= 1—_5)‘1(M1/NI)(TI - 1)qj, (33)
with analogous expressions for other firms. I abstract from tariffs. Before proceeding to
the objective function of the home policy maker, I note the effect on foreign wages from
changes in subsidies. To do that note, that substituting the free entry conditions of the

domestic and foreign producers into the trade balance gives:
Lf = x) Mr = [f = xip] w* M. (34)

Total discounted profits of a producer must equal f — x}, and be proportional to per-
period expected revenue of a producer. All else equal a disproportionate increase in
home producers relative to foreign producers will increase demand for foreign labor and

thereby increase foreign wages. Using this, one can show that (see Appendix H):

dl * — —1 1 = =T 1
OgI/u} _ o—1 (6 - ) + EXr er, (0'—1 I) >0 (35)
dXM det A (1+HETI> oc—1 T[—l f—XM
dlogw* p— (e—1) €x 1
= — — <0, 36
dx’y detA (1 + ﬁeﬂ) o1 T f—xn (36)

where detA/(2=5) € (1,20) is a (scaled) determinant of a two-by-two-system of equa-
tions. Consider first the expression in the parentheses in equation (35): There are two
effects from an increase in the number of home producers on foreign wages: First, as
captured by the term with (1 + €y,), a higher number of home international producers
the foreign labor. Second, as captured by the term with e, if a higher M;/N;increases
T; which further increases foreign wages (as o/(c — 1) > T7). One can show that even
if e, < 0 the positive effect must always dominate and dlogw*/dx%, > 0. Note that
as € — 1 the aggregator of the utility function is Cobb-Douglas and the spending on
foreign varieties is constant, in which case dlogw*/dx%, — 0. Further, note that when
M;/N; — oo, 1 + €5 — 0 and er o< (1 + €y) such that dlogw*/dx}; — 0: Once the
ratio of producers to suppliers is very high further subsidizing will have no impact on

the mass of producers and therefore none on foreign wages.
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Consider then equation (36) which gives the impact on foreign wages from subsidizing
home international suppliers: More international suppliers will increase the number of
matched foreign producers (with an elasticity of —e,,) which increases demand for home
labor and reduces relative foreign wages. For the second effect, suppose that having
relatively more home suppliers (compared with foreign producers) increases payment to
home suppliers (e7, < 0). A larger mass of home suppliers will drive up the necessary
payment, 77 to home suppliers. The constant mark-up charged by foreign producers
implies higher prices, lower demand and consequently less overall demand for home
exports, pushing in the direction of higher foreign wages. Again, when ¢ — 1 there is
no effect on wages from changes in subsidies, and dlogw*/dx}; approaches zero when
the relative number of foreign producers compared with home suppliers is very low
(M;/Nr — 0).

The objective of the domestic policymaker is:

e=1 1 el e
MaTy1 1 \boo (QDe + (v/(1—v))-Q;° ) )

XN

where I focus on the case of v — 0. It follows immediately from Lemma 6.1 that the
domestic policy maker must set subsidies such that M? = NP”. Further, at v — 0,

the domestic optimal is set independently of international considerations and qp =

2f(1-6%)
YR (0 —1).

The first order conditions for x,; and xny become:

dUu dlogw* er, [Zdlogw* N 1 ]
(X J— _
dx! dx! (It ggen) [ dxl f—xE

(ex, +1) (11— 5S)f} dlogM; (1 =0°)f dlogN; €, dlogNy

(37)

dx! AN Mj/Nig; dxl  o—1 dxl

T, —T dlogh/M;  dl
| 2 To9n T TSI,
Tp |o—1 dx! dx?

o—1 Arqr

where the first line constitutes simple terms-of-trade gains: A direct effect negative
effect on domestic utility from higher foreign wages, as well as an effect on the payments
to producers. Consider first an increase in x%,. This will directly encourage entry of
home foreign producers. If communication is good, ¢ > @ then this will encourage
cooperation from foreign suppliers and the payment can be reduced (er, < 0) implying
a positive effect on utility. The additional term in wages comes from the fact that

increases in foreign wages encourages the entry of home producers and suppliers with
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further reduces T and improves welfare. The exact expressions for the derivatives can
be found in Appendix H.

The second line comes from direct changes to the number of firms: More home
international producers will increase the number of varieties (with an elasticity of 0 <
€x, +1 < 1) but have an opportunity cost in terms of labor equivalent to (1 — %) f/Arqr
(if M; = Nj and ¢; is set at the optimal domestic level, ¢p, this effect is zero). An
increase in Ny increases the fixed costs of production without increasing the number of
varieties and an increase in Nj increases (0 < —ey, < 1) the number of varieties at home
without increasing the fixed costs of production.

The third and final line only exists when 77 > Tp and arises from the inefficiently
low consumption of foreign varieties: Either an increase in active varieties A\;M; or

consumption thereof, q;, increases utility.

Proposition 4. Consider the first order conditions of equation. It holds that:

i) There are more produces than suppliers in equilibrium M;/N; > 1

ii) The relative number of producers is decreasing in the efficiency of transmission of
information, : d(M;/N7)/de < 0.

i11) There exists some 55 for which all 6° which §° < 5 : qr > q

iv) For poor communication: ¢ < ¢ it holds that:

- lime o (M;/N}) =1 and lim._,,q; = q

- lime1(M7/N}) = oo. and lim_,,q; = 00. %
v) For good communications ¢ > @
-lime o (M;/N}) =1 and lim._,,q; = q
-0 < lime1 (M7 /N}) < 00 and lime_,oqr > q.

Proof. See Appendix G O]

To see the intuition for this consider figure 6 which plots the points in (xas, xn)
space where each one of the first order conditions of equation (37) are met. Define these
as on(xar, xn) = 0 and ¢p(xar, xv) = 0 for the first order condition of yy and x,
respectively.?6 It further plots as a stabled line the combination of s, xn that gives
M;/N} = 1, with points above the line having M;/N; > 1 and those below M;/N; < 1.

28pecifically, if ¢ = @then lime 1 (Mr/Nr) o< (€ — 1)_1/2 and if ¢ < @ then lime_1(M;/Ny) x
(e — 1)t and for all ¢ < @, lim_1qr o< (e — 1)L

26Though, related, this is strictly speaking not a best-response function as there are four decision
variables, x4,, x4, x4, xAf. The symmetry allows me to plot it in a two-dimensional space.
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X A

M/N=1

Figure 6: Equilibrium in entry subsidies, xps and x . ¢ represents the optimal yj; given
xn~ and ¢n the optimal xn given xas. The line M;/N} = 1 represents the combi-
nation of xs and xn that would give M;/N} = 1. The intersection of ¢ and ¢n
is always to the left of M;/N; = 1 and the equilibrium must feature M; /N > 1.

The slope of ¢y is lower than ¢,,, though they need not have the signs depicted here.
Importantly, the intersection between the two is such that M;/N; > 1.

To see why, consider first the case where ¢ = ¢ such that ey, = 0 and 7 remains
constant. Counter to the result in Proposition 4 suppose that M;/N; = 1 such that

€x; = —1/2. Then the first order conditions can be written as:

5, = _ dlogw* N [ 1/2 (1— 5S)f] {dlogMI dlogNI]

dx! o—1  \a dx! dx!

1/2 [dlogN} dlogNI} N T —Tp [ o 1 (dlogMI N dlogNI*) N dlogql} 0
o—1| dx! dx! Tp |[o—12\ dyx. dx dx ’
where I have used that dlogM}/dx, = dlogN}/dx, and
dlogqr/dx, = —1/2[dlogM;/dx. — dlogM} /dx.]. The four terms capture four effects
of changing the subsidies: The terms-of-trade effect captures the fact that an increase in
the subsidy to producers increases demand for foreign products which raises their price
and thereby reduces welfare. A subsidy to suppliers, however, increases demand for home
products and increases home welfare. The second term captures the increased-variety
effect. For dlogM;/dx, it is the difference between an increase in variety from more
active products and the higher fixed cost. For dlogNy/dx. it captures an analogous
effect for the supplier if N/ had gone up correspondingly with N;. This term is the

only that would survive in a domestic setting and illustrates where the result of efficient
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production in Lemma 6.1 comes from. One can demonstrate that:

dlogM;  dlogN;  dlogM;  dlogNy
+ > +
dx dx dxn dxn

?

for e € (1,0). The reason is that whereas both a subsidy to producers and suppliers have
a direct impact on the mass of firms, a subsidy to suppliers raises relative home wages
and makes entry costs more expensive. If ¢; is above the efficient level, an increase in
subsidies will increase utility but more so for subsidies to producers.
The third term captures the fact that home suppliers do not increase one for one
with foreign suppliers..
dlogN7  dlogN; — dlogw* 1

— < 0,
dxn dxn dxn f—xn

dlogN7  dlogN;  dlogw* -0
dx dXn dx ’

an increase in subsidies to suppliers always increases home suppliers more than foreign

suppliers, whereas an increase in subsidies to producers increases the stock of foreign
suppliers by more than domestic suppliers. One can show that this effect dominates the
terms-of-trade effect and pulls in the direction of higher subsidies to producers. The
fourth term comes from the fact that if 7; > Tp imports are constrained and an increase

in international varieties will improve welfare. Rewrite:

[ o 1 (dlogMI N dlogNI*) N dlogql] o dlogM; 20-11 [dlogw*}

0'—15 dXN dXN dXN o—1 dXN - oc—12 dXN

[ o 1 <dlogM1 N dlogN}‘) N dlogql} o dlogM; 2011 {dlogw* N 1 }
oc—12 dx dx v dx v dX f—=xm

where the two terms in the first equation reflect the increase in variety from more domes-

oc—1 dxn c—12

tic producers and that lower foreign wages (dlogw*/dxy < 0) implies higher quantity,
qr- The second equation is interpreted analogously, but reflecting that a direct transfer
is paid. Using the exact expressions from Appendix H demonstrates that the positive
effect from producer subsidy dominates.

In conclusion, when ¢ > ¢ the sum of the four terms are higher for home producers,
and for any on(xhs, Xy) = 0 with M;/N; = 1 we must have ¢ (X, Xy) = 0. Even
when ¢ > ¢ one can show that this must hold and furthermore for any ¢u (x4, X&) = 0
with M;/N; = 1 we must have ¢ (X3, Xv) < 0. Consequently we must have M;/Nj > 1

42



in equilibrium and there are inefficiently many producers compared with suppliers. This
happens in spite of the fact that encouraging the entry of producers increases foreign
wages and therefore has a negative terms-of-trade effect. The reason is that whereas
both fewer producers and suppliers saves on fixed cost of operation, f, fewer producers
reduces the number of varieties to be enjoyed by the representative agent whereas fewer
suppliers do not.

When ¢ < ¢ and therefore, e > 0 fewer suppliers imply a higher payment to home
suppliers (all else equal). This further increases the incentive to reduce the number
of suppliers as laid out in part i) of the proposition. However, when ¢ > ¢ fewer
suppliers reduce the payment to home suppliers and discourage the reduction in number
of suppliers (part ii). For the same reason the ratio M;/N; is decreasing in the efficiency
of transmission, ¢.

When entry is distorted in general fewer international matches exists which tends
to drive up production per unit beyond the domestic production (§). Hence, when
international trade is relatively unconstrained such that 77 is close to Tp it is easy to
find examples where production is higher than the domestic amount: ¢; > ¢ . However,
for sufficiently constrained international trade, say, for sufficiently low ¢§, the optimal
strategy “over-compensated” by encouraging the entry of international producers and
suppliers which drives down the production per unit below ¢; < ¢.

Finally, when ¢ — 1 and ¢ = ¢ changes in subsidies do not affect w* and

lime_1dlogNy/dxn = 1/(f — xm) dominates in the first order condition for y . In-
creasing home suppliers only has the negative impact of increasing fixed costs of operation
and the equilibrium features lim.,; M;/N;j = co. When ¢ > ¢ and communications are
good lowering the number of suppliers reduces the payment they receive which offsets
the savings of lower operating costs and ensures that lim._,s M;/N; < oo (see the details
for the specific limits in the Appendix). The higher is € the more sensitive demand is to
changes in prices and in the limit of € — o any deviation from M;/N; = 1, which shift

consumption entirely towards domestic varieties, is undesirable.

7 Conclusion

Contract enforcement is generally weaker between international parties than between do-
mestic parties. I construct a general equilibrium model of international trade in which

a final good producer can renege on payment to a supplier after receiving an interme-
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diate input. However, repeated interaction can serve as a substitute for formal court
enforcement. The effectiveness of this mechanism depends on whether information of
nonpayment is effectively transmitted to other potential suppliers, which allows for pun-
ishment through exclusion by multiple suppliers. The combined effect of weak contract
enforcement and reputational concerns ability to overcome it can be captured by a single
variable that restricts international trade. The model is flexible enough to allow for sev-
eral extensions. In particular, I consider the role of banks as third parties and show that
through size they can gain credibility and ensure more trade. The model replicates the
most salient features of the industry for bank guarantees: it is highly concentrated; the
providers of guarantees are predominantly local banks; banks engaged in long standing
relationships confirm each other’s guarantees; and the demand for such guarantees can
increase during times of uncertainty. Further, the model demonstrates new sources of
gains from manipulating tariffs and from trade liberalization.

This model is well suited to address other issues. Rose (2005) estimates a negative
effect from sovereign defaults on trade flows and identifies the drying up of trade finance
as a likely culprit. That notion could be formalized by introducing sovereign debt into the
present model and letting the lenders to sovereigns also be the providers of trade finance.
An alternative extension could focus on export credit agencies, which are important
practical facilitators of international trade (about 12 per cent of world trade according to
Gianturco, 2001). A likely explanation for their importance is government involvement
on the exporters’ side, which enables allows for a broader set of punishment in case
of non-payment. Finally, the matching process is assumed here to be exogenous. An
interesting path for future research would involve allowing firms to search actively for

domestic or international partners as a function of contract enforcement effectiveness.
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Appendix

A Banks

A.1 Banks Crisis

Consider the model with a bank as described above and let the parameters be such that
an equilibrium with bank guarantees can be supported (i.e. P is nonempty). Introduce
a probability € (0 < € < 1) every period that the bank dies (in which case the model
reverts to the previous model without a bank). The equilibrium is then as in Proposition

3 but with d (1 — ¢) replacing §. Furthermore, the following statements hold.

Lemma 2. (a) There exists an 0 < € < 1, such that for ¢ > € no equilibrium with bank
guarantees are possible and € < € allows for bank guarantees,

(b) Equilibrium trade is discontinuous at € = €. At this point, an increase in € — or
in the value o of relationship or a decrease in the probability of breakup, m, — leads to

a discontinuous drop in international trade and welfare.

The bank’s fragility as a provider of guarantees naturally relates to how financial
crises affect trade patterns, though it is in general not clear whether an overall increase
in uncertainty will increase the demand for bank guarantees by making open account
transactions riskier or reduce it through the reduced confidence in the bank. Auboin
(2009) and Chor and Manova (2012) both argue that trade finance contraction had a
negative impact on trade flows and Auboin and Meier-Ewert (2003) and Auboin (2007)
further argue that low confidence in Asian banks constrained their ability to issue credible
letters of credit, which constrained Asian imports during the Asian crisis. Levchenko,
Lewis, and Tesar (2010) find that US exports who rely less on trade credit — and
therefore presumably more on trade finance — were more affected by the crisis. Eaton,
Kortum, Neiman and Romalis (2015)7 find that the ratio of global trade to GDP
declined by nearly 30 per cent during the 2008-2009 recession, but they account for
most of this decline by compositional and demand effects. They, however, primarily
focus on OECD countries, most of which are within Europe where issues of international

contract enforcement are presumably lower than elsewhere.?”

2"Bernard, Redding, and Schott (2010) find that US exports to countries affected by the Asian crisis
was much less affected for related parties (within multinationals) where issues of contract enforcement
are presumably less of an issue. Amiti and Weinstein (2011) find a similar pattern for Japan in the
1990s.
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A.2 Mutually Confirmed Letters of Credit

A great many of letters of credit are confirmed by an additional bank, which is usually
located in the exporter’s country. In the following section I incorporate that feature by
allowing the two banks, B and B*, to extend guarantees to one another instead of di-
rectly to the foreign suppliers. Thus, the particular stage game of Figure 2b is extended
by adding a foreign bank such that, after the home bank makes an offer to the foreign
bank of confirming all contracts of (¢, 7", F), the foreign bank can agree (or not) to
confirm that offer before the producer makes an offer to the supplier. If banks mutu-
ally confirm each others’ guarantee, then the net amount that needs to be transferred
between the two countries — and hence the amount that could be defaulted on — can
be considerably smaller.?® In effect, mutually confirmed guarantees partially transform
international obligations into domestic obligations, which are more easily enforced. To
clarify the effects of a confirming bank, in this section I consider the following specific

set of parameters.

Criterion. The parameter set is such that the game with a bank (as described in Section

3.4) cannot achieve the first-best allocation: p® > pp.

Also, I will perturb the game slightly so that although all exports from the home
country to the foreign country are subject to imperfect international contract enforce-
ment. Only a fraction n (0 < n < 1) of exports from foreign country to home country are
subject to such imperfect contract enforcement. The remaining fraction, 1 — n, can be
perfectly enforced and are exogenously prevented from using bank guarantees. These two
assumptions are imposed in order to make the problem interesting. The first guarantees
that there is an inefficiency to be overcome. The second ensures that this inefficiency
cannot be trivially overcome as symmetry in the two-county model implies that if banks
guarantee all trade then the net outstanding between banks is always zero and so efficient

trade can always be guaranteed. These considerations lead to the following proposition.

28In the law literature, this concept is referred to as “set-off” or “netting” (Wood, 1980; McKnight,
2008). Although the specific details vary across judicial systems, English law is clear on the matter:
if a claim that is due is not honored, the debtor has the right of set-off; in the case of insolvency or
bankruptcy, even contract clauses specifically prohibiting set-off will typically be ignored (Wood, 1980,
7.4). The situation under French law is less clear, but the parties usually specify in letters of credit,
either international arbitration or that a dispute is to be heard in London (implying English law). This
convention brings up another point: because conflicts are often heard in English courts, the expertise of
these courts — as well as the relatively strong contract enforcement by English law — would be another
argument favoring letters of credit.
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Proposition 5. Consider the game with two banks. A PBE with the first-best production

(L/M) for all varieties and with T® =1, can be achieved if n > fi, where 0 is given by

% ((p = 1) = 7 = 1)(@°/pp)™7) = (1 = ¢) (1 — 7). (38)

The left-hand side of equation (38) is identical to the LHS of inequality (18) for the
case of unconfirmed letters of credit, whereas the RHS is smaller to reflect that bilateral
guaranteed trade implies a lower net outstanding. In fact, the higher is the fraction of
home imports that require guarantees, the more balanced are the mutual outstanding
obligations of the two banks and the greater are incentives not to deviate.?”

The option of introducing an additional agent relates this paper to an emerging
literature on central clearing partners (CCPs) for the trading of financial derivatives
(Duffie and Zhu, 2010).

A.3 Banks as Providers of Credit

In addition, it is standard practice to couple the bank guarantee with extension of credit
to the exporter (the supplier, in this model) before production takes place. This coupling
can be captured naturally by a small perturbation of the present model. Consider an
extension of the open account model in which the supplier must obtain credit before
he can start producing. By taking out a loan before production of ¢, he establishes an
obligation to the bank that provides the credit. At the same time, through a confirmed
letter of credit the supplier obtains the bank’s promise to provide the payment Tq
once shipment has been made. Yet by coupling the two functions and having the bank
provide both the guarantee and the original credit, the net outstanding between the
two is only (7' — 1) ¢, which is equal to zero in the optimal PBE of open account. The
assumption of perfect domestic contract enforcement implies that there are no costs to
domestic liabilities but extending the model to incorporate issues of domestic contract
enforcement would also allow for an efficiency gain when coupling the two, just as they

often are in practice.

29Tn the theory of this section a bank’s only role is to provide letters of credit. In practice, banks
engage with each other in a number of ways besides letters of credit and often with outstanding amounts
that are orders of magnitude higher than those associated with letters of credit (examples are derivatives
and currency trading). In other words, the amount outstanding on letters of credit is dwarfed by a bank’s
total gross outstanding. In this case, the cost of reneging on a letter of credit is more than being cut
off from the letter of credit market; it also includes the cost of being cut off from other international
activities that are critical for the functioning of most modern banks.
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B A large intermediary

I keep the search technology unchanged, so that the intermediary does not facilitate
contact but does guarantee high-quality shipment to the producer. The setting in this
case is completely analogous to that of the intermediary bank and I can demonstrate

the following lemma.

Lemma 3. Consider the prepayment model as previously described but now add an inter-
mediary (in each country) that guarantees quality of the shipment. welfare-mazximizing
PBE has the unique allocation (¢5,qt) as follows.

Let P C R™ be the set of p for which

% p—=1-"=1)®"/pp) 7] > (1 -p)

holds, where an equilibrium an active intermediary will exist only if P is non-empty.
Then (superscript I for intermediary) p' = min{P}, ¢ = L(p'/P!)=°, with p' <
pt, ¢ = L(p"/P)=°, TT = p!, and P! is the ideal price index with non-financial
intermediaries. In this case the following statements hold.

(i) p' is increasing in the quality of communication (p) and decreasing in probability
of a relationship breaking up ()

(ii) Welfare per worker is given by

o

M) 1 [(pp)l_” + (pf)l_”} o

v (pDapI) = (7 pE)J " (pl)ﬂ, > (pD,pP) .

Proof. Analogous to Appendix C. O

C Strategic substitutability and complementarity

Consider an equilibrium in which a fraction p of contracts are done with open account
and a fraction (1 — ) are done on pre-payment. When contracts are constrained, the

incentive constraints are by definition:
[aT15) + (¢ — @)bar [plI5) + (1 — Iy ]] = (1 - ¢)¢°,
[al1}y + (¢ — )by [HIIF + (1 = Y]] = (1 = p)g"”.
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where we write a = 06°(1—m) /[1—86%(1—mp)], bar = 6N/ (1=6), by = dA;-(M;/N;)/(1—
9) for notational convenience. I first consider the case of ¢ > ¢ and then p < @. Tlet my,
be the probability of a producer finding a match and 7y the probability that a supplier
will.

Further, note that an IR constraint has to be binding for open account. It is no
longer possible to have 1§, = 0 because the supplier would rather go back into the pool

and search for somebody else. Instead I impose the constraint that:
VY >V,

which will be binding. Using equation 6 as well as the definition of the outside option:
Vil =7y [nVE + (1= wVE] +6(1 — mn) VA gives:

(1 — p)a?
{(1=m) [ —0(1 = m)05] + (1 — )}’

from which it follows that 11§ < 1§ Further, o115 /0 > 0.

g = (1 -6V =

The case where ¢ > ¢

Step 1: There are parameter values for which I%;|,—o < %], and TI{|,=1 > TI5/],=1
that is, when only open account contracts are used it is optimal to use open account
and when only pre-payment is used it is optimal to use pre-payment. When this is the
case there must also exist a value 0 < i < 1 for which I}, |,—; = Hf:ﬁ and producers
are indifferent between using the two contracts.

Proof: Consider the case of m; — 0 and wn — 1 such that by, = 0. This implies

that open account prices are independent of other uses of contracts:

(1-9)

(0%

p0|,u:0 = po|,u:1 - + 17

such that

1m0 =19 = 2 (120 41) rran

(07

And for pre-payment:

Iy + (¢ — @)byIIN] = (1 — p)g" & T)yo — 1 =
[alT}y + (¢ — @)oNIIR] = (1= p)g =0 PR
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which gives profits for the producer of:

HP‘ _ 1 9 - (1_p> +1 1_JPUQ
Mp=0= 1 \s—1 a+ (p—@)bn b

such that the requirement for I1§;|,—o < II5/|,—o is:

2t () ()

And for ;4 = 1 we have that the constraint for pre-payment is:

L—p
[CLH§|M:1] =(1- p)qP|u:1 g T|u:1 - 1= P

such that the equivalent condition becomes:

(1;¢) (1;¢+1>_0>0i1 (Uil)_a((lgp)Jrl)l_U?

which can be met as ¢ — @ > 0 and o0 > 1 (but not if ¢ < @). An example is 0 = 4
, =026 =05 m=05 7y =1, p =1 (which gives a = 1/3), by = 1. Since the

condition is met strictly for these parameters it can also be met for by, > 0.

Step 2: If 11| =0 > 11| =0 then I1%; is preferable for all parameter values.
Proof: Suppose not, then there exists some parameter value p = [ for which
0 ),=x < O%|,=4, which implies that the two curves must have crossed in u space

with I1%; coming from below. This requires:

dr1S, d11t,
dii lne - < dy |2 —mo -

Differentiate the condition for open account:

1— drig diy
{a + (o — @)bup — ;p ib)l] dﬂM lne—no, = —(p — @)bu (1 — p) dﬂM lue,—no,- (39)
We have:
~ (1-p) dIIy _ - o) P dIIf
(o o200 - gy D) ] = oo [ - R
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<a+ (p—@)(1—p) — m> < 0, otherwise this wouldn’t be an optimal TI%.

Further, % > 0. Hence, with 11§ > II% we must have dﬂﬁ/dmnﬁzng\)ﬂ < 0, that is
more open accounts makes it less feasible to use pre-payment. Lower sales also implies
that dHﬁ/du\Hz:H% < 0. Hence, from equation (39) we must have dH%/du\Hz&:H% <0
as well. So for the two to cross we must have:

(1-9) _ _
ﬁ—a—(so—so)bw> (p—P)bu(l —p) &

g

1_
;p ib_)l —a> (¢ —@)bu,

meaning that if this holds for one p it must hold for all. Hence, the two lines can
at most cross once. So if they cross it must hold that 11{],—1 < IIt;|,—;, implying:
0S| im0 > 18, |im0 > & |1 > U$;|=1. This requires that the highest profits I1§;|,—o
that satisfy

(0I5 =0 + (¢ = @)y l=0] = (1 = 6)q° |0,

for TI¥,| =0 < I1{;],—0 must be higher than the highest profits 11{;|,—; that satisfy

[GH%M:l + (v — @)bMH%’li:l} > (1 - ¢)q07

which cannot be because higher profits loosen the IC constraint. Hence, a contradiction.
Step 3: step 2: If I1§|,=1 < I1%;|,=1 then II; is preferable for all parameter values.

Proof follows the same outline as for Step 2 and is omitted.

The case where p < ¢

Step 1: There are parameter values for which %;|,—o > 4|, and 1I{| =1 < II5;],=1
that is, when only open account contracts are used it is optimal to use pre-payment and
when only pre-payment is used it is optimal to use open account. When this is the case
there must also exist a value 0 < i < 1 for which I}, |,—; = Hg:ﬁ and producers are
indifferent between using the two contracts. This is the only equilibrium.

Proof. Again, consider the case of by; = 0 and note that the inequality from the case

of ¢ > ¢ are now flipped. Hence, we must require:

SO0 ) )
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(1;¢) (1;¢+1>_”<0i1 (Uil)_”((lgphrl)l_”_

Which since ¢ < ¢ can now be met for by > 0 (change p = 0.8 and ¢ = 0.2 in the
numerical example above).
Step 2: There can be at most one intersection of the I14; and II§; curves.

Proof: For there to be one intersection there must have exists an intersection where:

P _170 .
]\/I_HM

d11g, driy,
Whﬁ,:n% < dy n
but then following steps analogous to Step 3 above, there is only one intersection.

Combining these leads to the following Proposition.

D Increasing Returns to Scale in Matching Func-
tion

The probability of being matched by a domestic producer is Ap which is a function
of Mp/Np and Mp with elasticities 6;4[)/1\1 and e?f, respectively. The corresponding 5\1
gives the probability of a home foreign producer of matching and takes M;/N; and M; as
arguments. Let tariffs be denoted by the common variable 7 = 7 = 7*. Due to symmetry
I can disregard the distinction between domestic and foreign variables. Continue to let
T; be given by the equations in the text, but now as a function of M;/N; and M;
with elasticities 67];/’[ N and efj, respectively and corresponding expressions for Tp. Using

symmetry the labor market clearing condition can be written as:
ApMpap + ArMrqr + (1= 6%)f [Mp + Np + M; + Ni] = L. (40)

Use the free entry conditions (using that w* = 1):

1 1

= 1 _6)\MU_ 1T1qf (41)

f = T2 A M/N(T; = Dar (12)
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And differentiate to get:

dlog(MI/NI):—(T 1)M+6 dlogM; (43)
r— M/N

[6?\} + Gﬁ] (Tr—1)+ [EM] GYZ\}/N - [ER}/N] 63\?

dlogM;. 44
(Ty — 1)+ €y g (44)

—dlogqr =

I use these along with equations (41)-(42) to differentiate the labor clearing condition

(40):
ApM
DD AD 1 dlogMp + TrdlogM; = 0.
MMy qr

And use (with w* = 1):

gp 1—v ADMD:|;_Z |:TI }E
— = —T 45
qr 14 [ Ar M Tp ( )
to get
1—v % /\DNAJ % TT[ et 1
— dlogM —dlogM; = 0. 4
l » 1 |:)\IN]JVI:| |:TD og D+7_ ogM; =0 (46)

Then differentiate the utility function to get:

du

e—1

€ ()\]M[)ﬁ qr o—1

—1e—1 ) [(ApMp)aT ‘
_ e [( pMp) Q_D] {Ldzog)\DMDerloqu] + [%dlog)\jMf—l—dlong :

where I replace with equations (43) to (46) to get:

c1e—1)""
{UI/EQIG - } dU

1—v 621 >\DMD ;;_11 T[ et
= —T
v )\IM] TD
o 1 (Tp —1) (e}f — (o0 — 1)671\;?) + eff/Nejf - G%Neff

c—1 o-—1 (TD_1)+€§\F/[D/N

dlogMp
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A A A
o 1 (Ty — 1) (eﬁ—(a—l)eﬁ) +EZA}/N6A/}—6A;/N€1]\}

dlogM;

T,
oc—1 oc—1 (T]—l)—i‘EN}/N
1 o 1 (Tp — 1) (e?f — (o0 — 1)67]\1,’3) + e;“Ff/NeRf — eif/Neff
_ - — +— - T dlogM;
T |o o (Tp = 1) + e37)n
o 1 (Tr — 1) (eﬁj — (o0 — 1)63) + eﬁ/Ne?\‘j - e;‘/}/Nef/}
+ Tt 0 P dlogM,
o— o— (Tr = 1) + €4y n
such that: )
e—1e—1)  dU
Ul/e <
{ 2 € } dlogT
Al Ap
1 . ext—erp /T
[1- ﬂ s e T . dlogM,
= _ o— € D — o— € I A )
_’_ﬁ%(TD 1)( 1)+ M/N E%}D . ﬁ(TI 1)( 1)+ M/N EE dlogT

T T
(Tp=1)+€p7)n (Tr=1)+ep1/n

which is equation (31) in the main text. Differentiating equation (45) gives dlogM;/dT <
0.

The elasticity ef/’}’ can be found by differentiating

Tp
Th—1

1-— )\DMD/ND
1—XAp ’

o+ (c—1) (47)

to get:

sign(ei?) = sign [(M/N — 1)%} :

Since the solution to equation (47) and

Tp —1Mp
Tp Np’

l=(oc—-1)

requires Mp/Np > 1, it must be the case that e;‘ff > (. One can show that

-1
(To = 1) =)+ ] [T -1 +hy] >0
Further, with T given by:

T] |: 5(1—71'1)) +(5(90—(,5))\1M[/N]

o—1|1—06(1—m) 1-6 ]:(1—;)),

it must be true that sign(el’) = sign(@ — ¢). Finally, one can show that
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(T =)0 = 1) + | [T = 1)+ €] oo

E Endogenous Entry

E.1 Changes in bargaining equilibrium

Consider an increase in contract enforcement p. As w* remains 1 from symmetry and

Mp/Np remains constant, I can rewrite the home labor market clearing condition as
ApMpap + AMpq + (1= 6%)f [Mp + Np + M; + N;| = L.

Differentiate and use free entry conditions to get:

M dlog(M dlog(My) di dlog(M;/N
ApMpqp o T, log( D)+ 7 log( 1)+ 09()\1(][)_<TI_1> log(M;/ 1):07
AMMpqr o0 —1 dp oc—1 dp dp dp
Use equation (1) to write:
|
qr v )\[M[ TD ’
to get:
e—1
1— Mple—" [T7]° M M M;/N.
v [ ApMp T\ o TDdZOQ( D)+ o TIdZOQ( 1)+dl09<>\1q1)—(Tf—l)dlog( 1/ 1):0
v A My Tp| o—1 dp oc—1 dp dp dp
Use this after differentiating the utility function to get:
au dlog(Ar) dlog(M;/N})  dlogq;
— M;/N} 4+ 1] —————— 48
dpo‘{[ N G (M N o T W

which is equation (27) in the main text.
Differentiate the free entry conditions of the international producers and suppliers
and substitute for dlogTy/dp:

{ex, = (I' = 1)} dlog(M;/Ny) + dlogqr = 0.
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Substitute in equation (48) to get:

dU dlog(M;/N
5 o {M;/Nye, + Ty} %

To see that dU/dp > 0 consider two cases:
a) M;/N; < 1. Note that —1 < €, < 0 and 77 > 1, hence, for all M;/N; < 1,
dU/dp > 0.
b) M;/N;y > 1. For all M;/N; > 1, —1/2 < €, < 0, so sufficient condition for
dU/dp < 0 is:
—% (M;/Ni] + T; < 0.

This is clearly most easily met for high M;/N; and low T;. The intersection between
the incentive constraint and the free entry condition must always feature a lower M;/N;
and higher 77 than the intersection between the bargaining condition and the free entry
condition. Hence, consider the intersection between the bargaining condition and the

free entry condition, which are, respectively:

T[ 1_)\IMI/NI
— A e Ve
T, —1 ot (o—1) 1—x
T]—lM[
1= (0—1 2
(o )TI N,

The intersection has the highest M;/N; and lowest 17 at ¢ — oo, which gives:

M 1= A M;/N
limo—moﬁl = limcr—mo 1+ 1I—>\[/I ;
I v

and implies:

limo—)ooMI/NI =2,

which implies that for all finite o:
1
—5 [M]/NI] +TI > 0

and hence dU/dp > 0 is unambiguously positive.
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The incentive constraint:

T] 555(1—71'[,) +5(g0—95))\1M1/N[
o—1[1-=6865(1—m) 1-9¢

=(1=p).

Differentiating shows that LHS is decreasing in m, implying d7T;/dm, > 0.
Differentiating shows that LHS is increasing in ¢ implying d77/dd < 0

F  Tariff Policy

The equilibrium is described by:

The utility maximization condition of home (equation 28) is given by:

1—v [ApMplet [7Tyw* ]
q_D _ 14 DIVID T1L1W ’ (49)
qr v Ar My Tp
with a corresponding equation for foreign:
b _ [%}1 {T:Ti"*]i (50)
dr ATM} Thw

The labor market clearing condition in home (equation 26)

ApgpMp + Ny My + (1 —0)f [Mp + Np + M; + Ni] = L,

with a corresponding equation for foreign.

The entry condition for home domestic and international producers:

/\D TD —f )\[ T]U)*
1—bo—1P= 11 551

QI:fJ

And for the suppliers they are:

Ap Mp B
1 _5N_D(TD —Dap=f

AT My
"1-0 N

with corresponding equations in foreign. And finally, a balance of trade condition

requiring:
T[U)*)\[MIQI = TI*)\?MI*q;
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These equations determine the whole equilibrium as a function of 7 and 7*.

Substituting equation (49) into the first order condition gives:

—1 _o(e=1)

(e=1) —€ (e—o)e
{q_p] ‘—f’( v )(‘—f’> o dlog(MD)_F({TT]} > { o dlog(A\tMqr) 1 dlog(qr)
o

=0
qr 1—v —1 dr Th o—1 dr c—1 dr
(51)
Note, that by using the free entry conditions and the trade balance I can write
dlog(M;)  dlog(Mf)  dlog(w*)
- ) 52
dr dr + dr (52)
€T dlogM;  dlogN} dlogw*

<+T1—1){ dr dr dr (53)

ex, + 1+ ETI% dlogw*  dlogqr
- €T = ) (54)

1+ 75 dr dr

where €, = dlog(A\r)/dlog(M;/N7) and er, = dlog(Ty)/dlogw*. Symmetric expressions
exist for [dlogM} /dr — dlogN;/dt] and dlogqr/dr. Using these expressions in the first
order condition (51) along with dlog(\;qr)/dr = —dlogw*/dT — er, [dlogM| — dlogN]
gives:

e—1

{Q_D}( v )ii’i?(ja dlog(Mp) 55)

qr 1—v -1 dr

o(e—1)

_ T
. ({TTI]E) | g {dlog(]\/[f)} R (0 —1) (1 + €Tzril> dlogw*
g

Ty o—1 dr -1 1+T€IT_11 dr

=0.

Differentiating the labor market clearing condition gives:

ApqpMp leg(N/%\)/[)delOg()\?Q}kM}k)jL(l - 5)f

D 2 dlog(Mp) +MIdZOQ(MI) +N1d109(N1)
Ajqr M dr dr A1q; M

dr dr

[(MD + Np)
where I have used that the free entry conditions of domestic producers are independent

of foreign wages and therefore 7. As a consequence, ¢p,Ap and Mp/Np remain constant.

Use equation (49), the fact that the equilibrium is symmetric as well as the free entry
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conditions to find:

L. OF L OINo/Mp) [ap] = (v [7Ty] 7\ 7 diog(Mp) | dlog(XigiM;)
/\DqD )\DqD qr 1 — UV TD dT dT

0f

+
ArqrM;

[ s, g9 _

dr L
Use the free entry condition and equations (52) to (54) as well as the trade balance (34)
to find:

{1+ of N (5fND/MD} {qpr_flf ( v |:TT[:|_E>” dlog(Mp) er, dlogw*  dlogw*

Abgp ADqD ar 1—v | Tp dr _<1+ ety ) dr dr

Tr—-1

(1-0)f (1-=9)f } 2¢r, dlogw*  dlogw*
+ 14 + dlog(M;) + —< +
[ ArqrMrp  Arqr M /Ny 9(M;) 1+ TIT—II dr dr
of 1 dlogw*
+ Y R )
A1qrMp /Ny (1 + %) dr
—

where the free entry condition of the home international suppliers ensures that the terms

with dlogw* /dt cancel:

5 §FNp /M =
o
Apqp Abpgp qr

o—1
v [rTi] "\ "7 dlog(Mp)
1—v | Tp dr

(1-0)f L+ (1-0)f } dlog(M)
AgiMr MMy /Ny dr

Which I then insert into the first order condition (55) to find:

= 0.

+{1+

Sf SFNN B €x T
1+ Nidp + ,\;q;z\fly* o |:TT[:| ! dlog(NIM)+ pa (1 +eny T111> dlog(w*)

1— = 0.
1_'_/\2);D+6f1/\\/§q/]13\7g0—1 Th dr 1+;IT_11 dr
I use the free entry conditions in equilibrium to find:
14 2L 4 N S -1
X " NN [TTI} _ ot
5f SFND/NE | T - Ib T o
1+ ADY4D + /\quD b o-1 1o b
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such that the first order condition reduces to:
(14 epy T .
dlog(My) L] Tr 7y—1 dlog(w*)

1—771 =
[ e 1+ 75 dr

=0.

To find dlog(w*)/dr and dlog(Mj)/dr note that total-differentiating equation (49)
gives:
—dlogqr =
€e—o
oc—1

[dlogMp — €y, [dlogM; — dlogN}]| — dlogM;|+e€ [dlogT + dlogw™ + €r, [dlogM; — dlogNy]]

—dlogq; = % [dlogM}, — €y, [dlogM; — dlogNy] — dlogM;]+€ [—dlogw® + ez, [dlogM; — dlogN]].

Substitute for all but M; and M; further using that Mpdlog(Mp) + Midlog(M;) = 0

from the labor market clearing condition:

ex, + 1+ ep, L
{ N N } [dlogM; — dlogM}] =

1+ 7
- M
0N L glogMy — —2 [dlogM; — dlogM?] — dlogM;
o—1 MD (1 + €T )
Tr—1
14+ ¢
+e |dlogr + —L"L [dlogM; — dlogM]

(1+7%)

{6/\1 +1+6TI%

€

T,
L+ 775

} [dlogM; — dlogM;]| =

— M
0N L glogMy + —20 [dlogM; — dlogM?] — dlogM
g — 1 MD (1 + TET1>

-

T
1+ T €Ty

(1+75)

which is a system of two equations with two unknowns and can be written as:

c1 Co dlogMy B edlogt
cy €1 dlog M7y 0 7
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where

€>\1_<€_1)(1+6T1%) o—e€ | My 6)\I+1+€TITT—£1—|—1+TET_11
cl = T, — + IeTI s )
1+ 74 o—1|Mp 1+ 74
€E—0 My
=— 1
Co C1+0_1{+MD}
€E—0
a2 = —ay +
o—1
such that:
dlogM; €
dlogr ¢ —
* * e(1+ 2
dlogw*  dlog(Mr) dlog(M}) o —¢ Mp
dlogr ~—  dr dr  o—-1 ¢ —c
G Subsidies to fixed costs of entry
Proof of Proposition 4.
The home government maximizes per-period utility: :
, 1 U 1 . =1
mawaxk’x%x% <[)\DMD]ﬁ QD> + (:) <[)\1M1]ﬁ q1> ) (56)

subject to the trade balance and labor market clearing conditions, respectively

Trw" A\rtMiqr = Tf AT Mq;. (57)
ApMpap + NsMiqt + (1 —6%)f [Mp + Np+ M; + N;| = L, (58)
the relative consumption of domestic and international varieties:
1o o] 1 -
qr v ArM; Tp
@: 1_1/ |:)\*DMZ*D:|J1 |:T1*/w>k:|€ (60)
q v [ AM Tp
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and subsidies for entry of the four types of firms.

A T, Ap M

D D D D D D

— = — = —(Tp — 1 61
I 1 1 * I 1 * * * *

f—Xu = 1 5>\IU 13161110  f=xy = 1-5 5)\1(1\41/]\71)(71 — )qj, (62)

with analogous expressions for foreign.

Step 1. Subsidies to domestic firms ensures: Mp = Np and gp = %(o—

1).
Proof: Construct the Lagrangian of 56 subject to 58, and (61) and note that the
Lagrangian constants on the two constraints of (61) must be binding. The first order

conditions wrt dlogMp and dlogNp then require::

dAoMp) _ d(ApMp)
dlogMp dlogNp '’

and as dlog\p /dlogMp = —dlogAp/dlogNp this requires dlogAp /dlogMp = —1/2 which
is only met at Mp = Np. Using this it is trivial to show that:
2f(1—6°
gp = %(U - 1), (63)
D
with Ap = A((6°)%,1) is optimal. Symmetry ensures an analogous expression for foreign’s
home production. We can take gp and ¢}, as given and solve the problem just for x?,
and k.
Step 2. The first order conditions of the maximization problem.

The utility maximization problem is reduced to:

e—1

Mmaz,r 1 ([)\DMD]ﬁ qD>661 + (L)1 <[)\]M1]ﬁ C][) - (64)

1—v

with gp and Ap (but not Mp) constant. Differentiating wrt xI, 2 = N, M. and using

symmetry and equation 59 to write:

=0.

dU |:1—V:| [ADMD};_—II{T]]E_I o dlogMDjL{ o dlogh\tMrgr 1 dlogqr
o

N A N W Tn “1d |oe—1 a4 o—1 dx!

Substitute dlogMp/dx! from equation (58) and dlog(N;M;q;)/dxt from equation
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(57) and use that:

dlogM; — dlogN; — [dlogM; — diogNi) = 7 h. {M()gw* N fd_xA;M . fd_XJ;N
to get:
5—2 o ¢ (X1 Xir)
dlogw® €r 2dlogw* 1
dd (1 e l dx? +f—x£}

(ex+1) B (1 —6%)f] dlogM; B (1 —6%)f dlogN; __&x dlogNy
o—1 A1qr dx! NsM7/Nrqs dxl o—1 dx!
+TI —-Tp o dloghi M N dlogq; — 0,
TD oc—1 ng ng

which is equation 37 in the main text.
Step 3. The derivatives wrt yy and ;.
See Online Appendix H. These expressions will be used below.
Step 5. Show that for ¢ = @: lim._.,(M;/N;) ™' = k(e — 1)Y? and lim,_1q; " =
Ko(e — 1) with k1, ko positive and finite.
First note that: 50— G)ATMy /N
— 1Mr /Nt
R ([ R o
which gives ez = 0 for ¢ = @. Differentiate the system of equations for A\,xz and 7
(equations (3)-(5)) to find:

dlogh, 1= 1 [-(M/ND™' = oNigadfhes A8 dlogh
leg(M[/N[) N 1—5(1—7T)1'+1 (M[/N[)_l—)\[(s 1—/\[5dl0g(M[/N[) ’

and lima v, /Ny 00 = UMTa, /Nj—00 = limag N, —ooAr = 0. Using the same equations it

can be shown that: )
p(Mp/Np)~

1= - —m)
. op(My/Np)~!
1| = .
el S TS )
such that limag, /N, secdloghr/dlog(M;/N;) = —1 and lima, /N, —ecdlog(ex+1) /dlog(M;/N;) =
—1.

limM]/N]‘)OO)\I
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Use this in the first order condition 65 along with the expression from appendix H

(in particular their limits as (¢ — 1) — 0) to get:

. T] g (1 - 5S)f
= |— -1 1) — —==0.
llm€_>1¢M |:TD R :| (6)\ + ) )\Iql 0 (67)
, (e—1) 1 (1—6%)f 1
lime =2 — =0, 68
10w o—1f—=x~v AM;/Niqr f—xn (68)
where, in the second equation, I have used:
, dlogw* dlogNI*) , 1 (e—1) 1
lim, — + =lim._12(e —1 —1 =2 )
Hl( dx- % A ey o v

As lime (ex+1) o< lime_y (M/N)™" = k1 (e—1)"/? and limg_nvlq[ o lime_1(M/N)/q; =

rikg(e — 1)Y/? and [;—;ﬁ — } is asymptotically a positive constant, equation (67)

presents an equation with k1, ko. Since 0 < lim.1A;(M;/N;) < 1 equation 68 presents
an additional condition. It is clear that the solution requires k1, ko > 0.

Step 6. Show that for ¢ > @: 1 < lim.,1(M/N) < oo and lim,,1q < o0

From equation 66 we have that e < 0. For ¢ — 1 and asymptotically constant M /N

and ¢ we can write:.
dU
d_XI X ¢z(X5v= Xfw)

z

_ er 1 T, o } (1—6%f 1
lim. = - +| = — 1| (ex+1) — —
o (1+ 7€r) [f - Xﬂj HTD o—1 (Ex 1) Argr | f =X
€ ﬁET 1 0
0—1(1+ﬁeT)f—XM ’
. €T 1 (1 — 5S)f 1
lim, = — — =0,
o (1+ 75€r) {f - Xﬂj MMy /Niqr f — X3,
Substituting
1
er M € TI€T [TI o ]
——T = -1 == + | =L — 1] (er+ 1),
(1+ 7€) {N 1 o —1(1+ 7er) Tpo—1 (x+1)

which, as er < 0 requires lim._,oo M/N > 1.
Step 7. Show that for ¢ < ¢ such that ez > 0: lim.,;(M/N) = k(1 —¢)™!

and lim.,1qr = rk2(1 — €)™ with 0 < k1, ke < 0
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This gives:

lime19opm = {—ET + { =0

. 1-0f [0 Jl=DY 1
z = —er — -
imentn = { e~ S+ 751 o1 ) 7o =

where limer o< (M/N)™' = k(1 — €)' and there always exists a x; low enough to

<ek+1>_<1—55>f}+ -
o—1 Aiqr T-17" f=xu

ensure that the second equation is binding for positive M /N and q. ks follows from first
equation.

Step 8. Show that lim.,,(M/N) =1 and lim.,, = q.

Consider the first order conditions at M /N = 1 for ¢ — ¢ and use that:

dlogNy dlogM
lime_o(0 — €) Ziz L —(o0— e)limeﬁo% =>0
. dlog  dlogM
lzmeﬁU<U - E) diz L= (0 - €>llm6~>0# > 07

for z = M, N. Hence:

. dloghi M _ dlogM;  dlogN;
lime_ o (0 — e)%h\@/mzl = limes1/2(0 —€) { diﬁ L diﬁ I] =
i ( >dlogq1 i ( ) (ex+ 1+ Z5er) {dlogMI dlogM}*} 0
iMese(0— € =lime,o(c—¢€) |— — =
7 dy! - (1+ ~er) dy dy
, dlogw* , [ dx }
lime,s(0 —¢€ = limeq(0 —€) |dlogM; — dlogM; — =0,

which enables me to write:

. 1/2
imeol—on = 70 | 225 | |G+ G Xidi
M M 117

and

dlogM;  dlogN} (1 —6%)f [dlogN; ~ dlogM;
+ —(o—¢) - -
dX dX

oc—1

lim.atlo—e) = (o=

dxh dx’y Niq;

And since:
legN[

dx.

dlogM
= (o0 — e)limg_mM => 0,

dx.

lime_o (0 —€)
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dxy %"
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both first order conditions reduce to:

12 0oy

oc—1 )\[Q]

=0,

which reduces to the definition of .

Step 9. For d(M;/Ny)/dy <0

Note that rewriting first order conditions (f — x.)¢. they do not depend directly on
X-- We can therefore equivalently write them as depending on ¢; and M;/N; and write

the corresponding two-dimensional vector as:

¢(Mr/N1, qr; 90) =0,

and differentiate the system to get a linear system from which d(M;/N;)/dy can be

derived along the lines of appendix H. Tedious derivations demonstrate that

d(M;/Ny)/dp < 0.

H Appendix System of equations

Differentiate the two equations for relative consumption (60) and (59)

—dlogq; = [0 : ie,\ + eeT] (dlogMI—dlogN}‘)—i-%dlong—%dlogMD+edlogw*,
(69)
—dlogq} = {U - i“ + eeT} (dlogM}k—dlogNl)+Z - idlogM}‘— - idlong*)—edlogw*.
(70)
Differentiate the labor market clearing condition:
(1 Y V) [2—?} {%1 2 1?—?&09(]\[54) + —Z—dlog(N}")

1 T, —1
+—dlog(\1qr) — (Ti )dlog(NIM/N}V) =0,
17 17

with ¢p, qr, Ty, Tp all positive but finite v — 0 implies dlogN ¥ — 0 and dlogNX* — 0.

Total-differentiate (62) and the corresponding expressions for foreign as well as the
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trade balance to find the derivatives of w*, qr, q7, Ny and N; as function of dlogM; and

dlogM7; as well as dx} and dx},

1
dlogM; — dlogN| = —————— [dlogM — dlogM], (71)
(1 + HET)
1 dxn dx
dlogM; — dlogN; = —————— |dlogM; — dlogM7; + =
' ' (1+ 7er) ! " f=x~ f—xu

dlogw™ = dlogM; — dlogM; — D .

= xum

(ex+ 1+ %ET)

dlogqr = — dlogMy; — dlogM7;
941 (1 4 ﬁET) [ givir g ]]
dxn (ex+1+erzy) dxn dxm
dlogq; = — + dlogM; — dlogM7 + — ,
e (U er) ! T =xw fexu
which we then substitute into equations (69) and (70) to get:
(ex+ 1+ z5er)
dlogM; — dlogM;]| = 72
(1 + ﬁ€T> [ gLy g I] ( )
[F=iex + eer] LT [ . _dxu }
———— = |dlogM; — dlogM;| + ——dlogM; + € |dlogM; — dlogM; — ,
(L1 ey (ooMr = dloghy] = dlogMy Y
dxn (x + 1 +ergy) l dxn dxm ]
— dlogM; — dlogM7 + — = 73
f—xn (1+ 75er) ! " fF=x~ f—xu (73)
o—€ dxn dx v } o—€
— €\ + €€ dlogM; — dlogM; + — + dlogM;
{ -1 T} (1+ﬁ6T){ 9 S v =S R
d
—e {dlogM; — dlogM; — ﬂ} ,
f—=xum

such that the system can be written as:

a; Qg legM[ _ b11 0 f*IXM
Ao A1 legM}k b21 b22 f—1XN ’

with:
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where:

(75 +1) (e —1) = e

g

a ==
2 (]. -+ ﬁ€T>
bn = —€
bo1 = as

b22: —a2+6—1.
This immediately gives the derivatives of the system:

dlog M7 B biia; — baras

dxm detA
legMI* . a1621 — a2b11
detA detA
legM[ . _b22a2
dxy  detA
legMI* B albgg
dyn  detA
legM[ . b11a1 — b21a2 1 . 1 B (a1 + 6) aq 1
dxy det(A)  f—xh f—xu detA  f —Xu
dlogM; (1 —e+az)ay 1
dxy — detA f—xn
dlogM}" o a1b21 — agbn - _<;:§(1 + 6/\))& 1
dxy  detA det A =\
dlogMj — ai(l—€e+ay) 1
dxn detA f—xn
dlogw* _ dlogM;  dlogMy 1 <0’—€) ap+e 1
dxh,  dxu dxy  f—xu  \o—1) detA f—xu
dlogw* _ dlogMr  dlogMj b p— I (c—1) — (er) p— 1
dy X, dx N dx N 2detA f —xn (1+ 7er) ) detAf —xy

dlogw* _ dlogM;  dlogMy (a — e) (1—€e+a) 1
dx% dxn dxn detA  f—xn
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dlogN7 Fer 1 ate 1 1 { 1 }
_ — €ETa
dxiy 1+ 75er) f—xu  detA f—xul+ 7er ? T

T _
dlogN; _ dlogM;  dlogw* (1—€e+ay) 1
B - detA  f—xn]|’
1

dxly dxn dxn
dlogN;  dlogMy N 1 [dlogM;  dlogM;
dx mr dx v (1 + ﬁeT) | dxum dxm J =X
dlogN;  dlogMy 1 [dlogM;  dlogM; 1
dxiy dxy (14 75er) | dxy dxty  f—xw)

dlogqr (ex+1+ %ET) [dlogMI B dlogM}*}

dxy B (1+ ﬁeT) dx dx

dlogqr  (ex+1+ gger) [dlogMI - dlogM}‘}

dxl, (1+ 7=er) dx’, dxt,
dlogq; (ex+1+erps) {dlogMI _dlogMyp 1 }
dxly (14 iser) dXr dxye = Xxwu
dload® (ex + €7) 1 (ex+1+ers) [dlogMI dlogMI*]
094qr = -
PO ghen) | foxy o (Tgiger) Lodov dww

detA — <a2+g:§)2—a2: (Z:i>2+23:§a2'
Online Appendix

I Perfect Bayesian Equilibrium - For Online Publi-

cation

Here i formally define the game and the strategies of Assumption 3.4.

I.1 Definition of Game

All players are either always in domestic or always in international relationships and

players in domestic relationships always set monopoly prices pp = o/(c — 1). In the
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following, I can therefore focus on a game just with the players who engage in interna-
tional relationships. To facilitate exposition, I will let MT = M;U M denote the total
set (home and foreign) of final good producers who can match internationally and let

= N7 UN7}, the corresponding set of intermediate input suppliers with ./\;l{t cMF
and N7, C N7 the sets of such players active in period ¢.

The extensive form of the game is
= <MIT UNT Ue, H, P, fo (T 0,7 U (T s, s (Z)ienym U (25) s, > where H
is the set of possible histories (as described below), and h € H is one such history. The
correspondence P (h) C M ;TUNG T Ue assigns a set of players to move at history h, where
¢ denotes chance, and f, (-|h) is the associated probability distribution that determines
the “actions” of chance (as described below). Z; and Z; are information partitions of final
good producers (i € M [T) and intermediate input suppliers, (j € N IT), respectively,
and finally perfect diversification means that all players are risk-neutral and inherit the
common discount factor § of the representative agent. I initially define the set of possible
histories.

The set of histories

Let a; be the actions (including those of chance) of period ¢ € Z. Using this, I define:

h(t°) = (...,a;_2,a;1) is a history at the unset of every stage game, where P (h (t°)) =
¢, and chance decides on the sets of active players and matches as described in the main
text. M7, is the set of active final good producers and g : ./\;l}[:t — N [, is the mapping
of specific links such that g;() is the partner of ¢ at time ¢. This gives

h(t') = h(t°) U{(MT,,9:)}, at which point P (h(t')) = M], and each final good
producer, i € M7, offers a contract b¢7""*" = (¢; 4, T;y) € RT x R to g; (¢). This leads
to:

h(t*) = h(t') U {(Qi,taTi,t)ieM{t}> at which point the intermediate input suppliers
(P (h (%)) = NT,) decide whether to accept or not borti) tance ¢ Laccept, noaccept}, and
thereby ship ¢;; or not. This leads to:

h(#%) = h () U {0 " Viexaz, } at which point P (h (t*)) = M, and the final
good producers decide whether to pay or not: € {pay,nopay} if bgf(cfpt“me =
accept. If = noaccept, then b avment — (). This leads to:

h(t') = h (t3) U{(BEE™ ) e sz, }, at which point both players simultaneously decide
whether to continue (P (h(t*)) = MT, " NT,), m} ,mg i € {continue, nocontinue}.
This leads to:

h () = h (£ U{(mi},

payment
bi,t

bacceptcmce

g(i),t)ieMITt}, at which point chance, (P(h (%)) = ¢), chooses
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(C’L’,tu Li,t)ie./\;t?tu
draws are independent and for each i there is a probability 1 — m, of C;; = {continue}

and a probability ¢ of L;; = {tell}. If, for a given pair, (7, ¢: (7)) (m%,mgf(i)’t) =

where C;; € {continue,discontinue} and L;; € {tell, notell}. All

(continue, continue) and C;; = continue, then the pair will be a part of next period’s
matches: i € Nf,,; and j = g, (i) = gi41 (¢). If not both will go back to the pools of
unmatched players. I will denote by

e = 100 0)) (0 Do) L), ), () (Co L)} the ont-
come of the particular stage game, such that a; = (ai’t)i6 M, is total set of actions in
period t. Let H (t*), s =0,1,2,3,4,5 denote the set of possible histories of type s, and
let H (t) = U._, H (*) denote the possible set of histories at stage t.

Information sets

For each i € MT I construct a partition Z; of {h € H : P(h) = i} such that [;(h) € Z;
and if for two histories h’, h”, with h” € I;(h") then ¢ cannot distinguish between the two.
I impose the following restriction: Consider two histories h',h” € {h € H : P(h) = i}
and denote by “” all elements of i'. If forall s < tand . € M]: a) C], € W & C € W"
and b) For all C,; = tell or « =i then a;, € b’ < a;, € h”. Then A" € L;(1'). If not
then h” ¢ I;(h'). I construct the analogous partition, Z; for all j € N{. Hence, players
are informed of the particular stage games of which they were a part or where nature
played “tell”.

Strategies

I misuse notation slightly, by defining, b{7""*" : Z; — R™ x R as the strategy function

bacceptance
75t

of final good producer ¢ when offering contract, : Z; — {accept, noaccept} as

the response function of the intermediate input supplier, b awment . T, — {pay, nopay} if
b;‘f(cfffance = {accept} and bﬁ“;yme”t = {0} if bgff;{’f“”ce = {noaccept} as the pay function
of the final good producer, and finally m% : Z; — {continue, nocontinue} mj-v,t I —
{continue, nocontinue} for the decision of whether to continue. The strategy for final
good players is denoted 0,7 € M¥ and for intermediate input suppliers ajv € N7 with
o =)z (07")jenr}

Beliefs

A belief system u(I;) (h) assigns probabilities to each history h € I; for each infor-
mation element and analogously for p with p = {(u");e 7, (1)) jen }-

Having defined the game, strategies and beliefs I define the perfect Bayesian equilib-
rium

Perfect Bayesian equilibrium
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A perfect Bayesian equilibrium is an assessment (o, 1) where i) for every i and every

M N given p and analogously

h in which player i plays o (h) is a best response to (o
for every j. ii) Whenever possible (on the equilibrium path) Bayes’ rule is used for the
beliefs.

Characteristics of the unique PBE allocation

When a new match has been made there are two possible histories: either neither
has deviated from the history so far in which case the main text shows that the producer
offers T = 1 with a ¢ resulting from a price of maz{l + (1 — ¢)/a,0/(c —1)}. The
supplier will adhere to this and this constitutes an equilibrium.

The welfare maximizing PBE

Consider a potential candidate assessment (o', ') with production by each inter-
national match of ¢ which has suppliers always accepting the offers of producers and
producers always paying 7;;. Consider first strategies on path. If a producer ¢ pays he

gets:
Vie (o', 1') = (p(q) = Ti) g + 6[(1 = mp)0° Vi (0, 1) + (1 = (1 = m)8*) VI, (o, 1)

whereas if he doesn’t he gets:

~

(p(q) = ¢T30) a4 6[(1 — ) Vigu(ipasr (o' 1) + @V (07, 1),

where ‘A/@gt (i),++1 18 the value to producer i of having cheated but only her present partner
(9+(7)) knowing and no other potential partner will believe a deviation has happened.
Maximal incentives requires partner g;(i) breaking the match and all players V;lg 1 =0,
but if C;; = notell only ¢:(i) will know of the deviation. As the discounted value of
ever meeting this supplier again is zero and no other supplier’s moves can be made
contingent on actions in this period, Vi,gt(i),tﬂ (o', 1) can be no lower than VZI;I +1- The
only requirement on supplier’s incentives is willingness to participate so T;; = 1 in all
periods ensures highest incentives for producers. This result in (dropping ¢ and ¢ as

equilibrium actions are identical for all):

(p(gr) = 1) g+ 0(1 = (1 = m)8°)V;" (o', 1)
1 —(5(1 —7Tb)

Vi (0/7 Hl) =

> (p(q) — @) g+ 01— (1 —m)6%) (1 — ) Vi (o, ).
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From the main text I have V¥ (o, i') = ma(p(qr) — 1)q/[(1 — 6)(1 — 66°(1 — m, — wpr)),

which results in the constraint

a(p(q) —1)g > (1 - 9¢)q,

from Proposition 1.

It is thus established that no PBE can have higher welfare. It remains to be es-
tablished that this can be supported as a PBE. Consider first the case in which the
constraint does not allow for first best (the alternative case follows straightforwardly).
Hence, there is a unique p® = 1 + (1 — ¢) /a charged by international relationships.
Consider the following candidate assessment (o, ). Define H* as the set of histories
where no deviations have taken place H;; (H;; D H*) as the set of histories where
neither producer 7 nor producer j have deviated and F[Z* ; (t) as the set of histories where
supplier j does not have positive information that there were deviation in any particular
stage game a;,, s < t that producer i participated in (i.e. the only particular stage

games, a; ¢ in which there could have been deviations had j # gy (i) and C; ¢ = notell).

(¢°,1) ifh(t') € Hy, (1)
(0,0) else

Y

i (@) - |

. if o (t2) € HY (t)
bs'thment I (h t2 — CLCCGpt 1 2y
» ( ’ ( ( ))) { noaccept else ’
aymen pay i h(t*) € Hi (1)
bf’ty t ([i (h (f”))) B { nopay else J ’

Y

continue  if h(t*) € H}; (t)
nocontinue else

mj (L (0 (1)) =

. )
nocontinue else

{ continue  if h(t*) € ﬁf] (t)
The requirement of a PBE is that Bayes’ rule is used on-equilibrium path, that is
pi (H*)(h) and iy (H"), i € M7, j € N7,

adheres to Bayes’ rule based on the specification of the matching function. Since, the
exact matches do not matter the exact nature of the distribution is not essential. In
addition to this I add:
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u(H;;)(h) =0, forh ¢ H,,

2y

that is regardless of what other off-path behavior has been observed, for a match (i, )
player j will believe ¢ has not previously deviated regardless unless he is observed to
have done so. We place no additional requirements on ™ and p (except that they are
proper probability distributions).

As in the text, let V' denote the value function for a matched final good producer who
does not deviate, V¥ is the value function for an unmatched final good producer who has
not deviated, and V' that of an unmatched final good producer who is publicly known
to have deviated. By the one-deviation principle we can examine simple deviations for

each note. It is trivially clear that bfﬁ"”ad is optimal. On path, adhering to the contract

for h; (t') € H;;(t) gives V, whereas deviating gives 0+ 6 (¢VP + (1 —¢) VH) < V.
Off-path, regardless of what contract is offered, the partnership will break up and both
will go back to the pool. Hence (0,0) is optimal. For bj.ﬁipme”t, when h(t*) € H;; (t)
both will return 0 and accepting is optimal. For h;(t*) ¢ H;; (t) any contract (¢',T")
will return —¢’ in expectation and not accepting is optimal. For bf W it follows from the
discussion above that pay is optimal when h;(t*) € H;; (t). When h;(t*) ¢ H;; (t), there
are two possibilities: If it is public knowledge that ¢ has participated in a particular
stage game with deviation, then there is no need for paying and nopay is optimal. If this
is not public knowledge, it will be with probability ¢ regardless of what the producer
does, and nopay is optimal. Finally, on-path continue is optimal for both parties, and
off-path both are optimal as well.

The Economic Outcome

With the solution for the optimal PBE in hand, it follows that the price of goods
sold by international relationships is p® = max{l + (1 — ¢)/a,0/(c — 1)}, such that
relative demand immediately follows: ¢©/q¢% = (p®/pp)~2. With symmetric labor mar-
ket clearing condition I get 14) from Proposition 1. The rest of the proposition follows

directly from differentiation.

J Appendix B

Proof of part (iii)-(v) of Proposition 1
Part (iii) follows directly from the definition of p© and differentiating v(p®, pp) with

respect to parameters.
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For part (iv) differentiate equation (14) wrt N:

€
e—1

{Pobal = + 25 s 50 o] )

e—1 =1 —€
[ApMple=T + 7% [\fM;]==T [p° /pp]

U(pova) =

= [\ M) [pO)pp]

e—1 =1 —€
[ApMple=T + 7% [\t M;]==T [p° /pp]

dlogv = X

e—1 e—1 —e
e o ApMplo—T+ A\ My]o—1 [po/pD] e—1 o
— |P/Pp = — — <=6\, dlogNy — (€ — 1)dlogp
! [ / D} [ADMD]ﬁJr—liV[AIMI]Fll[zoo/pp}l’e [ L ( ) } )

+<=Ley,dlogNy + edlogp®

o—1

|

from which it follows that dlogv/ddlogN; > 0 and dlogv/dlogp® < 0. Since dp® /ON; <
0 for ¢ > ¢ it follows that dv/dN; > 0. For the second part of (v) consider:

dp® dp®  da 1—¢ ¢ M )
= =————¢€ — Q).
dlogN; _ da dlogN; a2 1_ oMWY
As limpr, /ny—oorr = 0 it follows that the partial effect of N; must dominate and:
dlogv

limM,/N,—wom > 0. Conversely, consider M;/N; — 0 which has limpg, jny—oAr = 1.
Then it is clear that there exists an ¢ where for any € < ¢’: dlogv/dlogN; < 0.

Analogous derivations show the result for (iv).

K Proof of Lemma

It is clear that the symmetric setting requires symmetry in solution. Use this to write

the problem as:

e—1
_o € 174
MAaX N, ,Np,M;,Ni,qar,9p (([)‘DMD]G_l QD> + < >

subject to:
ApMpap + ArMigr + (1 = 6°)f [Mp + Np + My + N;| = L.

Write this as a Lagrange problem and note that the first order conditions of logMp and
logNp are:
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e—1 e—1

(v (s25)’ o)) o) [ ]

—K [ADMDQD(EAD + 1) + (1 - (Ss)f} = 0,

L e—1

(([ADMDM w) "+ (1) () ) (ool 0n) ™ [ (=)

—# [ApMpgp(—er,) + (1 = 6°) f] =0,

which requires €y, = —1/2 and consequently Mp = Np and analogously M; = N;. The
problem can therefore be rewritten as:

o 621 v % s % eil
maxMD,M,,q,,qD(([A(Ll)MDJauw) +(15) (= o) )

—k {1, 1)Mpgp + M1, 1)Mqr + (1 — 6°) f [2Mp + 2M;] — L}

with first order conditions:
logMp:

€e—

(o) (1) (b0 i70)

—k [M1,1)Mpgp + (1 — 6%)2fMp] =0

v

7

—
/N
>
—~
—_
—_
~—
=
!

| |9
=
)
N—
7

Q
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(i)™ ) w2

—r [A(L,1)Mrgr 4+ (1 — 6%)2fM;] = 0

o=

(i () o)

1—v

N——
)
VR
—_
|| =
T

—r [A(L, 1) Mg = 0,
combine logMp and logqp to find:

(1—6%)2f
S el |
where the same holds for ¢;. Finally, combine logqp and logq; to get

e—1

e(oc—e)
|: - :| MD = MI;

1—v

and insert in labor market clearing condition to get:

v 6(60'76) L
L [1—y] ] Mp = 2fo(1—65)

which completes the proof.
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