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Abstract

Trade occurs between firms both across borders and within countries, and the vast majority of
trade transactions includes at least one large firm with many trading partners. This paper reviews
the literature on firm-to-firm connections in trade. A growing body of evidence coming from
domestic and international transaction data has established empirical regularities which have
inspired the development of new theories emphasizing firm heterogeneity among both buyers and
suppliers in production networks. Theoretical work has considered both static and dynamic
matching environments in a framework of many-to-many matching. The literature on trade and
production networks is at an early stage, and there are a large number of unanswered empirical and
theoretical questions.
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1 Introduction

The transformation of research in the field of international trade over the last few decades
has been dramatic. The systematic digitization of customs forms has enabled researchers to
dive deeply into the microeconomic underpinnings of international trade relationships. What
once was a discipline of the aggregate exchange between countries across sectors has become
increasingly focused on the firms that conduct trade and their heterogeneity, see Bernard et
al. (2012) and Redding (2011). At the same time that trade research has shifted attention
to the role of individual firms, the study of the economics of networks has grown rapidly,
in conjunction with the emergence of big data on social and economic networks between
firms and individuals (Graham, 2015 and Jackson, 2009). In spite of the importance of
heterogeneous firms in the research in international trade, there has been, until recently, a
surprising lack of attention to the fact that exporting and importing firms are embedded in
a network of production and exchange across borders with many partners.

Firms are not islands. While the canonical models of production imagine anonymously
supplied inputs being transformed into products sold to final consumers, almost all firms are
connected to a network of firms. These connections are both to upstream suppliers of raw
materials, components, and services as well as to downstream customers, both final demand
and other firms. Research on this network feature of domestic and global production is just
beginning and is the subject of this survey.

Trade is naturally a networked activity. International trade itself is comprised almost
exclusively of transactions between firms, and research on exporters and importers shows
that the vast majority of trade includes at least one large firm with many trading partners.
Consumers are largely absent from trade across borders although technology is pushing that
margin of trade as well.! Sellers, or exporters in the international context, sell potentially
multiple products to multiple buyers in multiple destinations. Conversely importing firms
potentially source multiple products from multiple sellers in multiple source countries. The
well-documented skewness of activity across exporting and importing firms extends naturally
to their foreign partnerships as well. Big exporters of a product to a particular destination
typically have many buyers and a skewed distribution of sales across those buyers. In contrast
a firm with low exports of the same product typically has a single customer in the market.

The recognition that a small number of firms have a disproportionate role in international

trade both on the export side and on the import side has been the subject of several papers,

IThe research on production networks and firm-to-firm connections naturally connects to a recent liter-
ature on the role of intermediation in trade, see Section 6.2. With few exceptions, the work on firm-to-firm
connections has not distinguished between producers, pure intermediaries, or firms that both produce and
intermediate.



see e.g. Antras et al. (2017) and Bernard et al. (forthcominge). However, in all these papers,
the foreign partners of the large firms, either suppliers or customers, are typically given no
interesting economic features. Theoretical and empirical work has tended to focus either
on the diversity and production decisions of exporting firms, or on the heterogeneity and
sourcing decisions of importing firms, but has not considered them both at the same time.

The small but growing literature on firm networks in trade, both international and domes-
tic, introduces “interesting” firms on both sides of the relationship. The advent of research on
the network structure of production raises new questions about market structure, responses
to shocks, returns to different factors such as skilled and unskilled labor, and the role of
trade in increasing economic welfare. Early research on the buyer and seller margins of trade
shows that the number of foreign partners is highly responsive to the traditional gravity
forces of distance and market potential. In spite of the rapid decline in transport costs and
tariffs, distance still attenuates aggregate trade flows, and the research on the networked
nature of cross-border trade offers potential insights into these relationships. The research
on firm-to-firm networks has the potential to enhance our understanding of the nature of
information frictions and how policy might reduce those frictions and increase trade.

Building on the recent work on global supply chains, research on the formation and
duration of supplier networks is addressing questions of how firms make upstream connections
and how those connections affect the marginal cost of production. Related work is modeling
the choice to perform tasks in-house or outside the firm and how firms find domestic or
foreign suppliers.

A separate line of research considers the relationship between firm sales and the down-
stream set of customers. Research shows that large firms have more customers but do not
sell more to each customer, rasing the question of how firms find and maintain their customer
base as they grow. Research also shows that when the customer base is endogenous, then the
responses to shocks to market demand, exchange rates or tariffs, will be different compared
to the response in canonical models. Similarly, the possibility that firms on both sides of a
transaction have market power introduces new and difficult questions about the change in
market structure, prices, quantities and varieties as a result of trade liberalization. Reduced
trade barriers may not result in the standard benefits of lower prices and increased varieties
if firms endogenously change their contracting relationships.

The dynamics of these interactions, e.g. why connections survive and how they evolve over
time, are just beginning to be considered in this emerging literature. Developing dynamic
general equlibrium models of network formation and evolution can provide valuable insights
into the short and long run responses to shocks. The research on trade and networks also

links closely to the literature on granularity and shock propagation in macroeconomics.



A robust finding in this emerging literature is that the network structure matters for
firm-level and aggregate outcomes. Simply put, who buys inputs from whom will determine
firms’ marginal costs and measured productivity along the supply chain. Various distortions
in the supply chain may therefore lead firms to source from suboptimal suppliers, which will
decrease aggregate productivity and real wages. In this literature, authors have identified
variable trade costs and relationship-specific costs as one source of friction. The costs of
switching suppliers may also lead firms to hold on to a given supplier for too long. Further-
more, the literature has shown that infrastructure improvements have a powerful effect on
who and where firms source from, and that these improvements cause big changes in the
network structure.

The remainder of this paper is structured as follows. We begin by reviewing some moti-
vating empirical evidence in Section 2. We then present a general framework for firm-to-firm
trade in Section 3 and then specific models and relevant empirical applications in Section
4. The evolution of relationships is discussed in Section 5, which includes full and partial
information frameworks, considering both the role of search frictions and learning. There are
several areas of research related to the developing work on exporter-importer connections in
trade. Recent years have seen research on intermediaries in trade and the propagation of
aggregate and idiosyncratic shocks. We briefly introduce the research in these areas and link

it to our discussion of firm-to-firm connections in Section 6.

2 Networks: A New Perspective on International Trade

Aggregate trade is ultimately the sum of all transactions between importers and exporters
so we begin by examining the role of buyers and sellers in aggregate trade flows. Aggregate

exports from a specific country to destination j can be written as
v = [ip;bid;z;

where f;, p;, and b; are the number of exporters, products, and importers respectively, d;
= 0;/(fip;bj), 0; is the number of exporter-product-buyer observations for which trade with
country j is positive and z; = z;/0; is average value per exporter-product-buyer. In a
regression of the log of each component on the log of total exports to a given market, the
coefficient represents the share of overall variation in trade accounted for by that respective

margin.



Table 1: The Margins of Trade (2006).

Sellers Products Buyers Density Intensive

Exports (log) 057 053 061 -1.05°  0.32°
(0.02)  (0.02)  (0.02) (0.04)  (0.02)

N 205 205 205 205 205

R? 0.86 0.85 081  0.81 0.50

Note: Robust standard errors in parentheses. ¢ p< 0.01, * p< 0.05, ¢ p< 0.1.

Source: Bernard et al. (Forthcominga).

Table 1, from Bernard et al. (Forthcominga), decomposes Norwegian aggregate exports to
205 destination countries. The results confirm and extend previous findings on the variation
of the extensive and intensive margins of trade. While it has been shown in a variety of
contexts that the number of exporting firms and exported products increase as total exports
to a destination increase (columns one and two), these results show the comparable variation
of the number of importing buyers in total exports (column three). In fact, the buyer
margin is as large or larger than the firm or product margins. The variation of the buyer
margin provides the initial motivation for examining individual trade links, their formation,
characteristics and evolution.

It is also useful to visualize individual transactions in international trade. The top panel
of Figure 1 shows all buyer-seller relationships between Norwegian exporters of a particular
type of machines (HS product 847990) to buyers in the U.S. in 2006. Every node represents
a firm, and the arrows show the direction of trade. The size of the node represents how many
relationships a given firm has, while the size of the arrow shows the value of the transaction.
The figure shows that most firms have few connections while a small number of firms have
many connections, i.e. that the in-degree (number of suppliers) and out-degree (number of
customers) are highly skewed. The bottom panel of Figure 1 shows all relationships between
Norwegian exporters and U.S. buyers in 2006, in total 8 320 relationships, 1,298 sellers and
5,066 buyers. Here, of course, it is difficult to see the individual links, but nevertheless one
observes the dominance of a few firms.

This pattern is a general finding across industries and countries. In the U.S. domestic

market using data on public firms from Compustat, Atalay et al. (2011) find that the in-



Figure 1: Firm-to-Firm Trade. U.S. importers and Norwegian exporters, HS 847990, 2006.




degree (number of suppliers) distribution is highly skewed and similar results exist for Japan
(Bernard et al., 2014) and Belgium (Dhyne et al., 2015).> The evidence from international
trade data, measuring the number of importers per exporter and the number of exporters per
importer are broadly similar, as shown for Ecuador, Uruguay, and Costa Rica by Carballo
et al. (2013), Norway and Colombia by Bernard et al. (Forthcominga), and for France by
Kramarz et al. (2016).

While a few firms are extremely well-connected on the buyer side, the seller side or both,
it is not typically the case that their partners only have one connection. Table 2 decomposes
total Norwegian exports into four mutually exclusive groups: trade from one-to-one matches,
many-to-one, one-to-many and many-to-many. One-to-one matches represent 9.5 percent
of all exporter-importer connections but account for only 4.6 percent of aggregate trade.
Many-to-many matches, i.e. where both exporter and importer have multiple connections,
make up almost two thirds of aggregate trade.® The dominance of many-to-many matching
makes firm-to-firm relationships different than many other relationships that economists
have analyzed empirically. For example, the assignment of workers to firms, or students to
colleges, is typically (but not always) many-to-one. Our review of the literature will therefore

start with models that feature many-to-many matching.

Table 2: Types of Matches, %.
(1) (2) (3) (4)

One-to-one Many-to-one One-to-many Many-to-many

Share of value, % 4.6 26.9 4.9 63.6
Share of counts, % 9.5 40.1 11.0 39.4

Note: 2006 data. Column (1) refers to matches between exporters (E) and importers (I) where both
have one connection in a market, column (2) refers to matches where the E has many connections
and the I has one, columns (3) refers to matches where the E has one connection and the I has many,
column (4) refers to matches where both E and I have many connections. The first row shows the
trade value for each group relative to total trade. The second row shows the number of matches in
the group relative to the total number of matches. Source: Bernard et al. (Forthcominga).

2These distributions are well approximated by a Pareto distribution, except in the tails where the Pareto
over predicts the connectedness of central firms and the mass of firms that have low in-degrees.

30ne might hypothesize that a substantial share of firms with multiple connections only have two links.
The share of trade value from many-to-many links when excluding two-connection firms is almost 50 percent.



3 General Framework

In this section, we present a simple framework that clarifies some key concepts and questions
that we will address in this article. Our starting point is a model where firms are heteroge-
neous in productivity or quality, as in Melitz (2003). Firms source inputs from one or more
suppliers. Consequently, firms may sell to other firms, in addition to final demand. Consider

the following production function of firm 4:

_ a, l—«
Y = kzliv; e,

where y; is output, z; is productivity, /; is labor, « is the labor share and x > 0 is a

normalization constant.? v; is a constant elasticity of substitution (CES) input bundle:

o/(o—1)
V; = <Z (¢kini)(J_1)/U) )

kEeS;

where vy, is the quantity purchased from firm k, S; is the set of suppliers to firm ¢ and o > 1
is the elasticity of substitution across suppliers. ¢y; is a demand shifter that captures the
idea that firms (and industries) may have very different production technologies, and that
their purchases from a given supplier may vary greatly.> The corresponding input price index
is P77 = > ks, (pki/qbki)l_g, where py; is the price charged by supplier k to firm ¢. The
marginal cost of the firm is then
w® pL-a
¢ = ——"——, (1)

Zi

where w is the common wage rate. Total sales by firm i is

JjeC;
o—1
=D (%> Py M, + 7, 2)
; Dij
JjeC;

Yh=a"2(1- oz)ai1

®One might also use a two-tiered production function with different elasticities of substitution across
suppliers within and between industries. We abstract from this here in order to keep the notation to a
minimum.



where M is total intermediate purchases of firm j. JF; is sales going to final demand, which
in equilibrium will be determined by a mixture of demand and supply side parameters.

This framework is flexible enough to capture salient features of observed networks. For
example, firms in “upstream” industries such as oil production may have relatively few sup-
pliers in the set S; and sell mainly to other firms in the network (and relatively little to final
demand F;). Firms in “downstream” industries such as retail may have many suppliers and
sell mainly to final demand.®

This setup illustrates a number of important aspects of production networks. First, from
equation (1) we see that the marginal cost of firm i depends on the marginal costs of i’s
suppliers, through the input price index P;. A change in firm-level fundamentals such as
productivity, zx, will therefore affect marginal costs of all downstream firms that are using
k as an input directly, or indirectly through higher-order linkages. For the same reason, the
set of suppliers §; will also matter for firms’ costs. Domestic or international trade costs are
likely to affect production costs because (i) they may change who you source from, i.e. the
set S; (the extensive margin), and (ii) they change the cost of sourcing from a particular
supplier k& through the price py; (the intensive margin). Firm-level and aggregate measured
productivity will therefore depend on the level and structure of trade costs. Second, from
equation (2) we observe that a firm’s sales s; are determined by both the set of customers
C; (the extensive margin), as well as how much is sold to each customer (the intensive
margin), which will depend on the price charged p;; and the customer’s effective demand
(gbiij)U_l M;. Again, trade costs are likely to affect both these margins. Therefore, the
impact of e.g. tariffs on trade flows will depend on how C; might change.

In the following sections, we will review various frameworks for understanding how firms
find suppliers and customers, i.e. how the sets S; and C; are formed. We will also see how
trade costs matter for the formation of the network, and we will study various firm-level and

aggregate implications of the network structure.

4 Firm-to-firm Matching Models

A fundamental question in trade is how buyer-seller relationships are established. This
section provides an overview of the literature that is based on static frameworks. To organize
the presentation, we structure the section into two parts. First, we present papers with two
types of firms: sellers and buyers. This gives rise to so-called bipartite networks because a
seller might link to buyer, but a seller (buyer) cannot link to other sellers (buyers). While

this first wave of research has provided useful insights, it is also limited because in observed

6We discuss intermediaries in trade in Section 6.2.



networks firms are typically sellers and buyers at the same time. The second subsection

therefore presents new research where this constraint is removed.

4.1 Bipartite Networks

Bernard et al. (Forthcominga) develop a simple theory that explains buyer-seller links S;
and C; and the volume of trade between firms and countries. The network is bipartite, so
that one group of firms will have other firms as customers (the set S; is empty and C; is
non-empty), while the other group of firms will have other firms as suppliers (the set S; is
non-empty and C; is empty). The theory provides a buyer-seller micro-foundation for global
trade flows. In this framework, both buyers and sellers are heterogeneous in productivity.
High productivity can also be thought of as high quality at equal cost. Sellers, for example
German exporters, can potentially meet and sell to all other firms, both within Germany
and abroad. The model presumes full information about all agents in the market. However,
it is costly to establish links to customers.” These relationship-specific costs can be thought
of as expenses of establishing a good and trustworthy relationship, tweaking the product to
the client’s requirements, or negotiating the legal contract. Depending on the size of these
costs, which do not vary with the value of trade between partners, it will not be profitable to
sell to all potential customers. Instead, the German exporter will only sell to customers that
demand more than a certain threshold quantity. An implication of this model is that lowering
relationship-specific costs expands the number of customers in the set C;. In equilibrium,
firms therefore get more suppliers, which leads to lower marginal costs in equation (1) above.
The model therefore predicts that non-tariff barriers embodied in relation-specific costs (i.e.,
legal hurdles) can have a dampening effect on both aggregate trade and real wages.
Furthermore, a highly productive, or high quality, exporter will sell to more customers
than a low productivity exporter because high efficiency corresponds to more sales to each
potential customer. The marginal customer of a highly productive firm will be smaller (or
less productive) than that of a low productive firm, because only the highly efficient firm
finds it profitable to incur the fixed cost for that relationship. This mechanism gives rise to
so-called negative degree assortativity: less connected sellers, i.e. firms with few customers,
will, on average, link to more connected buyers. And conversely, very connected sellers
will, on average, link to less connected buyers. Empirically there is strong support for
this prediction from the model both in international trade relationships and in domestic

production networks. Observed production networks, both within and across countries, are

"The costs are borne by the seller and not by the buyer. This assumption, along with the CES demand
function as described in Section 3, ensures that buyers are always willing to accept new connections. In e.g.
Antras et al. (2017) and Bernard et al. (forthcomingb) the buyer bears the costs.

10



characterized by negative assortativity (Lim, 2017 using U.S. Compustat data, Bernard et
al., 2014 for Japan, Bernard et al., 2017 for Belgium, and Bernard et al. (forthcomingd) for
Colombian imports).® Tt is important to note that negative degree assortativity does not
mean that well connected sellers only sell to poorly connected buyers. The most productive
firms will sell to a wider range of buyers, from the most productive (best connected) down
to the less productive (less connected). Low productivity sellers, however, will only be able
to connect to a high productivity partner.

This feature of the international and domestic firm-to-firm production network is in
stark contrast to the positive assortativity found in many social and economic networks
based on individual connections. One example is the network of friends on Facebook: if
you are popular on Facebook, then on average your friends are also popular and, in fact,
are more popular than you. If you have few friends on Facebook, then your average friend

9 Negative assortativity had typically only been observed in

is typically also unpopular.
technical networks, such as the network of servers on the internet (Jackson and Rogers,
2007). In this sense, the production network has features that make it distinct from many
other matching environments. It is both dominated by many-to-many matches and there is,
on average, a productive, well connected firm on one side of almost every transaction.'”

In the model, the distribution of customers per firm inherits the shape of the underlying
productivity distribution, which is assumed to follow a Pareto (power law) distribution. The
theory predicts that a few firms will have a large number of customers while most firms will
have few, consistent with the empirical evidence. Finally, the model predicts a particular
type of invariance property: the distribution of sales across a firm’s buyers is independent
of how many buyers she has. For example, median sales, across all buyers for a firm with
10 customers is equal to median sales for a firm with 1000 customers. This is a very strong
prediction: big firms are large because they have more customers (extensive margin), not
because they sell more to those customers (intensive margin).!! Perhaps surprisingly, the
Norwegian export data offer empirical support for this prediction. Sales to customers at the
10th, 50th and 90th percentiles do not vary with the number of customers of the exporter in

the market. Bernard et al. (2017) find the same invariance property in the Belgian domestic

8Serrano and Boguna (2003) find negative assortativity holds at the country level, the partners of well-
connected countries are, on average, less well connected themselves.

9Network formation models where individuals meet friends of friends can explain positive assortativity
as observed in social networks (Jackson and Rogers, 2007).

10Blum et al. (2010, 2012) were early contributions that observed the importance of large firms in pairwise
relationships in international trade.

1A high productivity firm sells more than a low productivity firm to the same customer. However, the
high productivity firm connects to more customers, and those marginal customers are smaller. The two
forces cancel out so that the distribution of sales across buyers, within a firm, is identical for all firms.

11



production network, highlighting the importance of the extensive margin of firm-to-firm
connections.

An important question is whether the move to examining ever more detailed data on
trade transactions gives us new insights about the welfare gains from trade. In Bernard et
al. (Forthcominga) the gains are similar to the class of models analyzed by Arkolakis et al.
(2012). Hence, the change in real income in moving from the current equilibrium to autarky
depends on only two sufficient statistics: (i) the share of expenditure on domestic goods and
(i) an elasticity of imports with respect to variable trade costs. However, the buyer-seller
focus shows that high relationship-specific costs dampen trade flows and therefore reduce real
incomes for consumers. The reason is simple: higher relation-specific costs mean fewer links
between firms. This translates to higher production costs in a world where firms benefit from
having many suppliers. One way to think about this is that the firm is not able to fully take
advantage of specialization in production when it has few suppliers. Higher production costs
then translate into higher consumer prices and therefore lower real wages for consumers.

High relationship-specific costs therefore cause lower aggregate output and welfare. The
exact nature of these relationship-specific costs is not well understood. They may encompass
items as varied as the level of communications technology in the two countries, the similarity
of languages, and the density of activity across space. They may be associated with the
characteristics such as the degree of trust between agents in two economies. Greater trust
may make it easier and less costly to establish relationships, for example, potentially lowering
costs associated with contract negotiations. Identifying the sources of relationship-specific
costs is an important and promising research area where we currently have limited empirical
knowledge.

Another important implication of the buyer-seller focus is related to the impact of tariffs.
In classic trade theory, a tariff might help the import competing sector because they will
then enjoy higher output prices and less competition from abroad. In Bernard et al. (Forth-
cominga), instead, a tariff is bad for domestic firms because they typically use imported
intermediate inputs. Tariffs therefore raise production costs for importing firms, and the
higher the share of imported inputs, the higher the increase in costs will be. In addition,
firms would want to drop their marginal suppliers, because those relationships are no longer
profitable. This is not just a theoretical possibility: as mentioned above, a large share of
global trade is in intermediate inputs, meaning that tariffs can be bad news even for import
competing sectors.'? It is well known in the literature that when trade consists of cross-
border supply chains, then tariffs have adverse impacts on import-intensive firms. The new

insight here is that tariffs have two effects: First, the direct effect of increased prices from

12The magnitude of this effect will depend on the level of tariffs in downstream and upstream industries.
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existing foreign suppliers, and, second, the indirect effect of losing suppliers.

Bernard and Dhingra (2016) consider the effects of tariff liberalization in the context of
firm-to-firm matching and the US-Colombia free trade agreement. They show that trade
liberalization increases the incentive to engage in joint contracts, thus raising the profits of
these exporters and importers at the expense of consumer welfare. Using matched importer-
exporter data from Colombian import transactions, they show that US exporters that started
to enjoy duty-free access were more likely to increase their average price, decrease their
quantity exported and reduce the number of import partners in the Colombian market.

Bernard et al. (Forthcominga) provides a framework for thinking about relationships
between firms in international trade and associated efficiency and welfare gains. It is empiri-
cally challenging to identify such mechanisms because firms with high productivity naturally
choose to have more, and perhaps better, suppliers. Causality therefore goes both ways -
from relationships to productivity and the reverse. Bernard et al. (forthcomingb) estimate
the impact of more and/or better suppliers S; on sales and productivity by exploiting a
quasi-natural experiment.!® Instead of looking at firm-to-firm trade across countries, they
analyze relationships within a country. A new high-speed train (Shinkansen) was introduced
in Japan in 2004 in the southern island of Kyushu. The train dramatically lowered travel
time in the southern part of Japan; between the major cities on the route, Hakata and Yat-
sushiro, travel time fell from 135 to 35 minutes. An interesting feature of the Shinkansen
trains is that they only carry people and not cargo. This means that the natural experiment
only lowered the cost of moving individuals, whereas shipping costs remained constant.

The paper tests two main hypotheses: first, whether the high-speed train made it easier
for firms to find and link to new suppliers or customers along the new train line; second,
whether the high-speed train facilitated more efficient collaboration with suppliers located
along the new train line. The presumption is that lower travel time made it easier to
find and interact with suppliers, e.g. by monitoring their production. Both hypotheses
rely on the premise that face-to-face (F2F) communication is more effective than other
forms of communication such as telephone, email or video conferences. Research from the
management literature gives some support to this idea (Warkentin et al., 1997; Hightower
and Sayeed, 1995, 1996; Maznevski and Chudoba, 2000).

The authors have annual balance sheet data before and after the introduction of the high-
speed train as well all firm-to-firm relationships in Japan in two cross-sections. They use

a triple differences approach, exploiting (i) changes before and after the new train, (ii) the

I3A related question is whether an exogenous change in connections also trigger new relationships. A
recent paper by Furusawa et al. (2017) estimate the impact of offshoring, i.e. international outsourcing,
on the likelihood of using domestic suppliers. They find that upon offshoring, firms are less likely to drop
domestic suppliers.

13



geolocation of a firm, in particular whether it is located close by a new train station or not
and (iii) the input intensity of the industry the firm belongs to. Input intensity is important
because theory suggests that input intensive industries are expected to benefit more than
other industries in response to the shock. The reason is simply that high input intensity
means that the price of intermediate inputs is relatively more important in production costs.
Any change in the price index due to the infrastructure shock will therefore translate into
larger changes in marginal costs, prices and output. The third difference is also important to
rule out alternative mechanisms (such as endogeneity of the location of new train stations and
various demand side and commuting mechanisms). The results from the study are striking.
Firms that were located close to a new station connected to suppliers in more locations in
Japan compared to other firms, and they increased their share of suppliers located close
to a new station. These same firms also grew faster both in terms of output and labor
productivity compared to the control group, suggesting that marginal costs in equation (1)
decreased because of changes in the set ;.

The results strengthen the hypothesis that firm-to-firm trade yields measured productiv-
ity gains for the economy as a whole. Moreover, the results suggest that the infrastructure
shock gives rise to more firm-to-firm trade and specialization across firms. Hence, it seems
to be a story of comparative advantage, but not across industries and countries as in classic
trade theory, but instead across firms within a country. An implication of this research is that
economic integration within a country can be as important as integration across countries.
Other studies have found that within-country trade costs are significant. For example, Atkin
and Donaldson (2015) find that a doubling of distance between buyer and seller increases
transport costs by four to five times more in Ethiopia and Nigeria than in the U.S. This sug-
gests that there is significant scope to improve gains from both domestic and international
trade in many countries.

An early contribution in the empirical literature on firm-to-firm connections is Blum et
al. (2012). Using data on firm-to-firm trade between Chile and Colombia, they document a
set of stylized facts and develop a simple trade model. The empirical findings mirror the ones
described above. First, both firm-level exports and imports are characterized by extreme
concentration. Second, in most exporter-importer pairs, at least one of the parties is a large
international trader. Third, the in-degree and out-degree distributions are also very skewed.
The starting point of their model is Melitz (2003), with fixed costs associated with selling
to each consumer in foreign markets. It is assumed that the fixed costs are larger for small
firms than large firms. Instead of selling directly to the consumer, exporters may instead ex-
port through an intermediary. If the intermediation cost is not too large, it may be cheaper

for small exporters to use intermediaries instead of selling directly. This setup gives rise
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to a simple sorting pattern: small exporters will match with one importer (the intermedi-
ary), whereas large exporters will match with many importers (final consumers). Moreover,
these importers will buy small amounts while the intermediary importers will purchase large
amounts. Finally, the model gives rise to a flavor of negative degree assortativity described
above: In their model, low out-degree exporters will match with high in-degree importers
and high out-degree exporters will match with low in-degree importers. Low in-degree im-
porters and exporters will not match. However, their model fails to capture the presence of
matches between large exporters and large importers, which are commonly observed in the
data and dominate aggregate trade flows.

The papers above rely on some sort of friction that limits the number of matches taking
place in the economy. Benguria (2015) develops a model where gathering information about
the quality of a buyer is costly, so an exporter will not always end up with the best possible
match. Trade liberalization can potentially increase the quality of matches because firms
will search more actively. In the model, an exporter can only sell to a customer via a foreign
distributor. The exporter therefore engages in two activities: production and searching for
distributors. There is heterogeneity in productivity among exporters and distributors, and
ideally the exporter would like to match with the most productive distributor. However,
buyer productivity is unobserved, and the exporter must incur a cost each time she wants to
observe the productivity of a randomly sampled distributor. A firm that searches many times
will meet more potential buyers and will on average will find a higher productivity distributor
compared to a firm that only searches once. Naturally, more productive exporters will search
more and therefore find better distributors, leading to positive assortative matching on the
intensive margin, i.e. highly productive exporters match with highly productive importers.
Using the same logic, lower variable trade costs will lead to greater search intensity and
exporters will match to better importers than before. A limitation of the model is that
exporters are matching with only one importer. In the data, we typically see small firms
only connecting to one customer, whereas large exporters match with many. The author tests
these predictions using data on firm-to-firm trade between U.S. exporters and Colombian
importers, and exploiting the U.S.-Colombia Free Trade Agreement which greatly improved
market access among U.S. firms. Search intensity is not observed in the data, so instead
the author checks whether lower Colombian import tariffs induced U.S. exporters to switch
to new and more productive importers, providing evidence which is consistent with the
predictions of the model. This suggests that opening up to trade may lead to efficiency gains
because it enhances buyer-seller match quality.

In related research, Sugita et al. (2014) analyze one-to-one matches between Mexican ex-

porters and U.S. importers, and also find evidence for positive assortativity on the intensive
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margin. They develop a theory combining a Becker (1973) model of the marriage market
and a Melitz (2003) trade model. In their framework, exporters and importers are hetero-
geneous in productivity. Consider the case when the cross-derivative of the joint production
function of a firm-pair is positive, i.e. there are complementarities between the exporter and
importer. In a stable matching equilibrium that features pair-wise stability, i.e. that both
seller and buyer find an optimal partner, then matching will feature positive assortativity
on the intensive margin. Sugita et al. (2014) test for positive assortativity using Mexican
firm-to-firm trade data. Specifically, they exploit the phase-out of the Multi-Fibre Agree-
ment which resulted in massive entry of Chinese exporters in the U.S. market. According to
their model, Mexican exporters should re-match with new, less productive U.S. importers,
i.e. partner downgrading. The authors find evidence for this mechanism, but a limitation of
the theory and empirics is the exclusive focus on one-to-one matches. A promising area of

future research is to build richer matching frameworks with many-to-many matching.

4.2 Full Networks

The theory described above only deals with one step in the production network, i.e. between
buyer and seller but not between the buyer’s buyer or the seller’s seller, and so on. Eaton
et al. (2015) develop a theory for the full production network with many countries, with
the aim of analyzing the impact of outsourcing, i.e. using an external supplier instead of
in-house labor, on the labor market. Each firm produces a good by combining various tasks
according to a Cobb-Douglas production function. Tasks can be produced within the firm or
purchased in the market. From the firm’s perspective, labor and the available intermediate
inputs are perfect substitutes for producing a task. Sellers randomly meet potential buyers,
and low-cost sellers are more attractive than others and therefore meet more potential buyers.
Buyers optimally choose whether they want to produce a task themselves or outsource to the
lowest-cost supplier. The firm can therefore have zero, one or many suppliers. The firm can
also have one or many customers depending on whether she is chosen as a supplier among
potential customers. The probability that a given task is outsourced depends on a range of
model parameters. For example, higher relative home wages and better foreign technology
increase the probability that a given task is outsourced. Interestingly, even though the basic
production technology is Cobb-Douglas across tasks, the overall labor share in production
costs is not constant and will depend on wages and other factors.

Using this framework, one can solve for the aggregate equilibrium in the production of
intermediates, given wages, and then solve for the labor market equilibrium to determine

wages. The authors illustrate the mechanics of the model in a simple counterfactual exercise.
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They assume that labor is composed of non-production and production workers and that
non-production workers cannot be outsourced. Trade liberalization will increase the fraction
of tasks that are outsourced because lower trade costs make it more likely to find a good
match abroad. An interesting theoretical possibility is that trade liberalization can cause a
fall in real wages among production workers and a rise in real wages among non-production
workers. The intuition is simple: non-production workers will benefit from cheaper goods,
while tasks produced by production workers are now more likely to be outsourced to a cheap
foreign supplier. Labor market clearing therefore requires the wage of production workers to
fall. This research therefore suggests that the network structure can potentially affect the
skill premium in the economy.

Oberfield (forthcoming) provides a theory of the formation of the production network
in order to analyze the role of network structure on aggregate productivity. Each firm ran-
domly meets potential suppliers. For each potential supplier, the firm has a Cobb-Douglas
production function using labor and intermediate inputs, along with a match-specific pro-
ductivity parameter. Hence, in contrast to the paper above, labor and inputs are not perfect
substitutes. Match productivity is random across all firm pairs. After a meeting, the firm
chooses to match with the optimal supplier. The decision depends on supplier’s price along
with the match-specific productivity component. Hence, the firm may not always choose
the lowest cost supplier if the idiosyncratic match component is poor. The firm may also be
unlucky and not meet anyone. In this model, intermediate inputs are required in production,
so firms with no suppliers will exit the market.

The number of potential suppliers a firm meets follows a Poisson distribution, and for
each meeting, the identity of the supplier is random and uniformly drawn from all firms in
the economy. In this framework, a firm will only have one supplier. However, in equilibrium
a firm can have many customers. The reason is that the firm can be discovered by other
customers, and many of them may choose to use the firm as a supplier. In equilibrium,
the distribution of customers asymptotically follows a power law distribution. In other
words, a few dominant firms with a large number of customers, so-called superstars, will
emerge in equilibrium. The reason is that a slight cost advantage relative to other firms will
make the firm attractive as a supplier. Hence, low cost firms that happen to meet many
potential customers will win over a large fraction of those potential customers and obtain
many actual customers. This is consistent with the empirical regularities discussed above:
Observed production networks have a small share of firms with many customers and a large
share of firms with very few customers. In Oberfield’s model, the skewness of the customer
distribution will depend on the wage share in the industry. Superstars will be bigger if the

wage share is low, because then cost differences between potential suppliers will be relatively
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more important (and the match-specific component relatively less important). More firms
will then choose the superstar as a supplier, as it is the cheapest option. This, in turn, has
consequences for aggregate productivity. A low wage share raises aggregate productivity
because high productivity firms become more dominant in the supply chain. As in the
research above, a powerful conclusion and insight is that the network structure matters for
aggregate productivity. A limitation of Oberfield (forthcoming) is that the model describes
a closed economy and there is no notion of trade frictions. A promising area of research

involves extending the model to an open economy and modeling geography explicitly.

5 Dynamics and Information Frictions

The frameworks described above are static - they are silent on the evolution of the production
network over time. In this section, we describe recent important contributions that also have
a dynamic component. We structure this section into three parts. First, we review papers
with no uncertainty about the economic environment and where all agents observe all other
firms in the market. Second, we review papers where firms need to actively search in order
to find potential matches. Finally, we look at papers where firms may also learn about their
own attractiveness in other markets, or about the quality of potential partners, through

repeated interactions with other firms.

5.1 Full Information

Lim (2017) introduces simple dynamics in the production network. The static model is
similar to the setup in Section 3 and model of Bernard et al. (Forthcominga) described
above, but it is extended in various ways. First, firms are buyers and sellers simultaneously,
and the author can characterize the full static market equilibrium of the production network
(conditional on the realization of the network structure). Second, the author develops simple
dynamics and network formation. As above, there are relationship-specific fixed costs, so
only a subset of matches is profitable. Sellers actively target potential customers, whereas
the customers themselves are completely passive (due to CES preferences, customers always
value access to new varieties). More productive firms will form more links both upstream and
downstream. They will form more outward links (to customers) because their sales volumes
are higher to more potential customers, so that more matches are profitable. They will
form more inward links (to suppliers) because they generate higher demand for intermediate
inputs and therefore more suppliers are willing to pay the fixed cost of matching to them.

The fixed costs vary randomly over time and across all firm pairs, but firms cannot add or
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drop connections every period. Instead, there is randomness in when the firm can add/drop
connections, a so-called Calvo-fairy. This is mainly a modeling trick, but one can think
of this a reduced-form way of introducing persistence in relationships, for example that
firms cannot immediately enter or cancel a contract. When the Calvo-fairy arrives, the firm
will consider all possible future revenue and costs before establishing or dropping a link.
Firms therefore have rational expectations about the future. An immediate implication
is that relationships that are profitable today may not be activated because the match is
not profitable enough in the long run. And conversely, currently unprofitable relationships
may be activated because they are profitable enough in the long run. The Calvo-fairy
assumption enables Lim to characterize the dynamic market equilibrium of this economy
in a relatively straightforward way. Lim’s work therefore provides a useful framework that
can be used for quantitative work.!* After calibrating the model, the author finds that the
propagation of firm-level shocks may be very different when there is endogenous adjustment
of the production network.

Monarch (2016) develops a dynamic discrete choice framework to model importer deci-
sions of exporter choice, with the aim of estimating the magnitude of costs associated with
switching from one supplier to the next. In contrast to Lim (2017), the model is partial
equilibrium and only one step in the production network is considered (i.e., the network is
bipartite). Moreover, buyers can only have one supplier, whereas suppliers can potentially
have many customers. Buyers observe prices and qualities of all potential suppliers, and
pick the optimal one based on the expectation about future profits for a potential match.
Exporters are passive and are willing to sell to any buyer. Suppliers’ prices are subject to
random shocks every period. Buyers know the distribution of these shocks but not the future
realizations of them. The buyer’s problem of finding the optimal supplier becomes dynamic
because there is a switching cost associated with replacing one supplier with a different one.
One can think of these switching costs as long/term trading contracts. Just as with sunk
costs, switching costs naturally leads to persistence in relationships: even if the supplier’s
price increases, the relationship may persist if the expectation is that the price will revert
back relatively soon. However, if the relationship deteriorates substantially, the buyer will
opt for a “divorce” and find an alternative partner.

The author estimates the model by maximum likelihood using data on manufacturing
imports by U.S. buyers from Chinese exporters over the period 2002-2008. The data source
is the Longitudinal Foreign Trade and Transaction Database (LFTTD), which is collected
by U.S. Customs and Border Protection and maintained by the U.S. Census Bureau.As

1n a recent working paper, Tintelnot et al. (2017) offer a complementary domestic network formation
model and study how international trade affects firm efficiency and real wages.
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mentioned above, sunk costs and switching costs lead to persistence in relationships. This is
strongly supported by the U.S data. In the dataset, the overall survival rate, i.e. the share
of importers using the same supplier year-to-year, is almost fifty percent. A major empirical
challenge is that while persistence is consistent with switching costs, it is also consistent
with the hypothesis that relationships are optimal, i.e. that there is no alternative supplier
around that would be a better match. This is a version of an identification problem that
has been analyzed in the sunk costs literature for many years (see e.g. Moxnes, 2010). It
is therefore of first order importance to control for observed and unobserved covariates that
determine match survival, such as quality and/or productivity of suppliers and buyers.
Structural estimation of the model reveals that switching costs are quantitatively impor-
tant. Consider two identical suppliers, one that is the current partner and another that is
not. The results suggest that the buyer would require much lower prices from the outsider
in order to make her indifferent between the two suppliers. A broader implication is that
aggregate import prices are inflated. In a counterfactual, the author shows that cutting

switching costs by half would lower the U.S.-China import price index by 15 percent.

5.2 Search Frictions

In spite of the rich structure and analytical elegance in Lim (2017), it lacks a geographical
dimension. It is therefore not well suited to study international trade or spatial questions
within the boundaries of a country. Chaney (2014) introduces international trade and ge-
ography in a simple network model. Firms randomly meet customers in two different ways.
First, the firm meets customers based on the headquarter location of the firm. For exam-
ple, it may be more likely to find a customer in its domestic market compared to in Japan.
Second, the firm meets customers based on the location of its existing customers. For ex-
ample, if it already met a customer in Japan, then search can originate from Japan, making
it more likely to find new customers in Japan or near Japan. The central idea is therefore
that existing connections lower the cost of finding new connections, in the spirit of Jackson
and Rogers (2007). The existing foreign network can provide more information about local
market conditions, the preferences of consumers there, and so on. Firms that are lucky and
meet many foreign clients therefore have a big advantage compared to non-exporting firms.
As a consequence, superstar firms will also emerge in Chaney’s model: the lucky few that
get many connections will grow even more, while the large majority of firms will be small
and only serve the home market. In the model, there are no transportation costs in the
traditional sense. However, as in e.g. Allen (2014) and Startz (2016), information does not

flow freely. The network is important because it helps reduce those informational barriers
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between firms. A limitation of the model is that firms are only selling to consumers, so
firms are not using other firms as suppliers. The model is therefore not well suited to study
heterogeneity on the supply side. Moreover, the growth in the customer base C; is entirely
driven by a stochastic process, so firm-level fundamentals such as productivity do not play
a role.

An empirical implication of Chaney (2014) is that firms’ geographic expansion abroad is
history dependent. A firm exporting to Germany, for example, will have a higher likelihood
of exporting to France or Poland the next period, compared to Argentina. There is empirical
support for this, see e.g. Morales et al. (2014) or the empirical evidence in Chaney’s paper.

While most of the literature has focused on one-sided search, i.e. that either the seller
or the buyer actively searches for a partner while the other firm sits idle, Eaton et al.
(2016) make progress by allowing both seller and buyer to search.'® International trade
takes place between producers (exporters) and retailers (importers). Exporters can match
to many importers and importers can match to many exporters (many-to-many matching).
The likelihood that a firm finds a partner depends on various factors: the intensity of search;
market tightness; and the existing connections of the firm. This last feature of the model
helps generate “fat-tailed” in-degree and out-degree distributions, which is pervasive in the
data. Search costs are assumed to be positive and convex in search intensity pinning down
search intensities for buyers and sellers. While firms choose how much to search, meetings
are assumed to be random. Hence, the baseline model does not feature assortative matching
on the intensive margin, but the authors show in an appendix an extension of the model
with this feature. The authors calibrate the model using Colombian customs data with
information about Colombian importers and foreign exporters in the footwear industry. A
key takeaway from the calibrated model is that search costs are large and that reducing
them leads to substantial welfare gains. In the model, welfare gains come from an increase
in the number of varieties available to final consumers, and in addition the fact that varieties

become more spread out across retailers.

5.3 Learning

In Eaton et al. (2014), information about possible partners abroad is limited, so that ex-
porters and importers must engage in costly search to establish new business partnerships.
In addition, the firm can learn from interactions with other firms. Specifically, when they

find a match, they receive a noisy signal about the attractiveness of their product in that

15Krolikowski and McCallum (2016) model search frictions with heterogeneous exporters and identical
importers. Search frictions induce selection into exporting, alter the gains from trade and result in a lower
than optimal number of searching firms.
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market. The firm then updates her belief about the scope for exporting profits in a Bayesian
manner, and then adjusts her search intensity accordingly. In other words, firms learn about
their attractiveness over time. Firms that happen to be popular among buyers will search
more intensively, while unpopular sellers will search less.

Search costs are increasing and convex in search intensity. Interviews conducted with
Colombian exporters revealed that search costs were related to the following top three ac-
tivities: maintaining a foreign sales office; paying the exports promotion office to organize
visits with prospective clients abroad, and sending their sales representatives to those visits;
sending sales representatives abroad to visit potential clients on their own. The model also
allows for search costs to depend on the firm’s current stock of customers, perhaps because
a large customer base increases the seller’s visibility in the marketplace.

When a firm searches more intensively, it will encounter more potential buyers. Search
is random, so the seller cannot direct search towards certain types of buyers. After meeting
potential buyers, only a fraction 6 is willing to do business with her. This fraction 6 repre-
sents the attractiveness of the firm, and it is this magnitude the firm aims to learn about.
In every period, the belief about # is updated according to the actual realization of new
relative to potential customers. In their model, sellers are heterogeneous because they differ
in productivity as well as in attractiveness 6. There is also heterogeneity in demand, as
each potential match is associated with a time-varying idiosyncratic demand shifter across
buyer-seller relationships. Given a match, the seller will evaluate the profitability of the
relationship. It may be negative because the seller needs to incur a fixed cost to keep the
match alive. If so, the seller will exit the relationship. There is also a constant exogenous
hazard rate that a match will terminate.

The authors calibrate the model using U.S. data on manufacturing imports by buyers in
the U.S. from Colombian exporters over the period 1992-2999. The data source is identical
to the one used in Monarch (2016) described above. The results indicate search costs up to
over $50,000 for an expected yield of one potential customer per year. Moreover, those costs
are significantly reduced when firms already have clients abroad, suggesting that network
effects are important. Learning is also quantitatively important, in the sense that sellers
quickly adjust their search intensity when potential matches are more or less successful than
anticipated.

A related type of information friction is that firms cannot completely observe the quality
or productivity of a potential partner. While Eaton et al. (2014) focused on how exporters
are learning about their attractiveness among customers, Monarch and Schmidt-Eisenlohr
(2016) analyze how importers are learning about the reliability of their suppliers. There

are two types of suppliers in their model, firms that want to shirk and exert no effort
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(myopic firms) and firms that comply. The type of the supplier is not directly observed by
the importer, because local contract enforcement means that myopic firms may be forced
to comply. Being forced to comply occurs with a fixed probability. In every period of a
relationship, the importer observes whether the supplier exerts effort or not (a noisy signal),
and if the relationship is a successful one, then the importer becomes more certain that
the supplier is reliable. If the exporter shirks, then the relationship ends immediately. A
limitation of the framework is that the relationship formation and destruction is not modeled,
i.e. observed relationships are taken as exogenous.

What are the economic consequences of this type of mechanism? First, the volume of
trade between buyer and seller increases over time. This occurs because expected costs, and
therefore output prices, decrease when the buyer is more certain that the supplier is reliable
(the delivery probability increases). Lower prices, in turn, generate more sales and higher
intermediate input demand. Second, the survival probability of a relationship increases with
age, because unreliable suppliers will typically reveal themselves early on. Third, countries
with good contract enforcement, or inherently reliable suppliers, will on average have longer-
lived relationships (under plausible parameter values). The authors calibrate the model
to detailed panel data on U.S. importer relationships, using the U.S. LFTTD data. An
important finding is that learning, i.e. accumulating knowledge about suppliers, leads to
substantially higher aggregate trade than in a situation without learning. The authors
illustrate this by resetting relationships, i.e. wiping out all knowledge about suppliers. This
leads to a substantial decline in overall imports and it takes several years before imports
move back to the initial steady-state.

Rauch (1999) was an early contribution to the literature on information frictions and
trade. He introduced the idea that information frictions might dampen trade and that the
customer- or supplier network might help reduce those frictions. In his empirical work, he
grouped products in two categories - differentiated and homogeneous products. He then
showed that geographic proximity was much more prevalent for differentiated compared to
homogeneous products, consistent with the idea that geographic proximity might reduce
those informational asymmetries more for products that are more complex. In later work,
Rauch and Trindade (2002) showed that ethnic Chinese networks contribute to more bilateral
trade, and that the effect is stronger for trade in differentiated products. The authors showed
that the product of ethnic Chinese in the export and import countries is positively correlated
with bilateral trade between those countries. Again, this suggests that social networks
might dampen information frictions between buyers and sellers. This early empirical work is
supportive of such an hypothesis, but at the same time it is difficult to completely rule out

competing hypothesis. The new generation of datasets on networks and trade makes this a
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promising future research agenda.

6 Related Emerging Areas

Before concluding, we briefly review research closely related to the literature on trade and

networks.

6.1 Shock Propagation

A central question in macroeconomics is how shocks propagate throughout the economy
and how the network structure affects aggregate volatility. Acemoglu et al. (2012) show
that idiosyncratic shocks to certain sectors can have aggregate consequences under certain
configurations of the input-output structure of the economy. In particular, shocks in a sector
can propagate to the rest of the economy if that sector is a supplier to a disproportionally
large number of other sectors (first-order interconnections), or if that sector is indirectly
supplying many other sectors (higher-order interconnections). di Giovanni et al. (2014) and
Magerman et al. (2016) take this insight to the firm-level and quantify to what extent shocks
to individual firms generate aggregate volatility, and to what extent the network structure is
causing it, using French and Belgian data respectively. Empirical evidence from exogenous
shocks also points to sizable supply chain distortions at the firm level. For example, Carvalho
et al. (2016) and Boehm et al. (2016) use the Japanese Tohoku earthquake in 2011, while
Barrot and Sauvagnat (2016) use U.S. natural disasters over a 30-year period, to identify
idiosyncratic shocks to firms and their propagation through the supply chain. In related
research, Heise (2016) examines propagation in old versus new relationships. He finds that,
perhaps surprisingly, prices adjust more freely in old relationships compared to new ones.

He then builds a model based on risk sharing to rationalize the empirical findings.

6.2 Intermediaries

The research on production networks and firm-to-firm connections naturally connects to a re-
cent literature on the role of intermediation in trade. Early theoretical work, e.g. Rauch and
Watson (2004) and Petropoulou (2011), models trade as an outcome of search and networks.
Antras and Costinot (2011) add frictions to a search model of farmers and intermediaries.
Recent papers take a more technological perspective based on models of heterogeneous firms,
e.g. Ahn et al. (2011), Akerman (forthcoming), and Felbermayr and Jung (2011). In these
papers, exporting entails both fixed and variable costs and the intermediation technology

allows wholesalers to lower the per-product fixed costs and exploit economies of scope in
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exporting. The common prediction of these models is that producing firms sort into dif-
ferent export channels according to their productivity. As in Blum et al. (2011), these
models predict a pattern of firm-to-firm matching where larger intermediaries match with
small producers either within countries or across borders. Using Belgian data, Bernard et
al. (forthcomingc) show that two thirds of the products exported by manufacturers are not
produced by the firm, suggesting an important role for large firms intermediating exports
for smaller producers. However, in spite of the advances in the work on intermediation, we
have little direct evidence on the connectivity and partners of intermediaries, making this

an important topic for further research.

7 Conclusions

This paper has provided a brief review of the small but flourishing literature on trade and
networks. A data revolution has taken place during the last few years, where detailed
information about firm relationships within and across borders is becoming available for
more and more countries. Only a few years ago, economists knew next to nothing about the
input-output structure of the economy at the firm level. The availability of new data has
enabled researchers to analyze completely new questions as well as to get better answers to
old ones. In the years ahead, we expect a continuing boom in research on trade and networks
as well related areas analyzing production networks (e.g., empirical 10, macroeconomics and
labor).

A range of related and important research questions are omitted or only briefly discussed
in this article. Perhaps the most important one is how the network structure affect the
propagation of shocks in the economy, and how shocks transmit from one firm to the next in
a global (or local) value chain. Another related question is how information itself can spread
throughout the nodes of the production network. We have also allocated little space to the
related literature on intermediated trade.

The research so far shows that networks are important to understand the growth of firms
at the micro level and of countries at the aggregate level. Information frictions and (the lack
of) trust affect firm-to-firm links which again affect measured productivity growth. More
research on what drives these frictions will inform policy and can help policymakers improve

resource allocation and economic growth.
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