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Abstract

This paper examines intermediation in production networks to unpack the firm
attributes and matching costs that govern firm-to-firm networks and the gains from
trade. Exploiting rich customs data for Chile, we show that exporters of all sizes use
intermediaries, mix trade modes across buyers, and set lower prices on intermediated
flows. We rationalize these facts in a model of network formation with suppliers of
heterogeneous productivity and matchability, buyers of heterogeneous productivity,
and intermediaries that reduce matching costs for a brokerage fee. Empirical evidence
on trade activity across firms and countries corroborates the model, and informs how
geographic distance, logistics and customs efficiency, formal institutions, and cultural-
linguistic similarity shape network costs. Model estimation reveals that sellers’ attributes
are negatively correlated, such that intermediaries enable highly productive sellers
with low matchability to reach smaller buyers. This amplifies the welfare gains from

intermediation due to wider and deeper network connectivity.
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1. Introduction

Firm production networks have transformed global economic activity, and become focal to
policy objectives of growth and stability. Despite dramatic declines in transportation and
communication costs in recent decades, driven by both policy advancements and technological
innovations, buyer-supplier networks remain sparse and dominated by few, highly connected
large firms. These patterns suggest that significant barriers to network formation persist,
limiting firms’ potential to benefit from globalization. Of special interest is whether network
connectivity is subject to market frictions that warrant policy intervention. This underpins
the active arena of trade promotion and facilitation, especially in developing countries that
are highly reliant on international trade but burdened by poor infrastructure.

Key to these questions are the costs of firm network formation and operation, and the
market solutions that emerge to facilitate buyer-supplier interactions. The nature of search,
match and transaction costs matters for how firms and countries participate in production
networks, how this impacts firm profits and consumer welfare, and how firms prepare for and
respond to shocks or policy reforms. By easing firm transactions, specialized intermediaries can
importantly reshape these network patterns and consequences. Indeed, wholesalers mediate
a significant share of global trade, accounting for example for 50% of imports and 14% of
exports in Chile. Yet little is known about the essence of firm network costs and the role of
intermediaries in buyer-supplier links.

This paper examines intermediation in production networks to unpack the firm attributes
and matching costs that govern firm-to-firm networks and the gains from trade. Exploiting
rich customs data for Chile, we show that exporters of all sizes use intermediaries, mix
trade modes across buyers, and set lower prices on intermediated flows. We rationalize these
facts in a model of network formation with suppliers of heterogeneous productivity and
matchability, buyers of heterogeneous productivity, and intermediaries that reduce matching
costs for a brokerage fee. Empirical evidence on trade activity across firms and countries
corroborates the model, and informs how geographic distance, logistics and customs efficiency,
formal institutions, and cultural-linguistic similarity shape network costs. Model estimation
reveals that sellers’ attributes are negatively correlated, such that intermediaries enable highly
productive sellers with low matchability to reach smaller buyers. This amplifies the welfare
gains from intermediation due to wider and deeper network connectivity.

Our first contribution is to unveil empirical facts about direct and intermediated trade in
firm networks. We exploit comprehensive Chilean data on the universe of firm-to-firm import

transactions, matched to tax records that report firm size and business activity. This allows



us to identify foreign exporters, domestic producers, and import intermediaries.! We also
classify foreign suppliers according to their trade strategy: purely direct exporters that sell
only directly to manufacturers, purely indirect exporters that transact only with wholesalers,
and mixed exporters that pursue both trade modes.

We document three stylized facts. First, exporters across the size distribution use all three
trading strategies, with bigger exporters less likely to trade purely directly, more likely to
mix trade modes, and similarly likely to trade purely indirectly. This sharply contrasts with
existing intermediation models, in which all sellers above (below) a productivity cutoff sort
into direct (indirect) trade, and points to the need to consider supplier heterogeneity along
two, imperfectly correlated dimensions. Second, exporters frequently mix trade modes within
narrow products and regardless of product rank. Mixed suppliers split product-level exports
evenly between direct and intermediated sales, with negligible variation across their core
and peripheral products. This suggests that buyer heterogeneity is also needed to rationalize
intermediation patterns. Third, exporters charge wholesalers lower prices than producer
buyers. Purely indirect suppliers set lower prices than purely direct and mixed suppliers,
and mixed suppliers set lower prices on their indirect transactions. This result informs rent
sharing with wholesalers, and therefore the trade-off faced by exporters when choosing their
optimal sales strategy.

Our second contribution is to develop a general-equilibrium model of network formation
with trade intermediation that is motivated by the empirical facts. In the model, upstream
suppliers choose their optimal set of downstream buyers, trade mode with each buyer, and
sales value, price and quantity in each match. Upstream suppliers are heterogeneous along two
dimensions: productivity, which pins down their marginal production cost, and matchability,
which determines their fixed cost of searching, matching and transacting directly with a
buyer. Downstream firms are heterogeneously productive in assembling inputs into final goods.
Finally, specialized wholesalers facilitate buyer-supplier transactions at a lower match-specific
fixed cost, and charge a fee for their services by capturing a share of the trade surplus from
each match under Nash bargaining with the supplier. The general equilibrium is characterized
by a fixed point for link functions that describe all direct and indirect matches.

This model illustrates novel economic mechanisms, and delivers rich predictions for the
pattern of global production networks. Along the extensive margin, the set of ultimate

customers widens with a seller’s productivity and matchability, where these attributes jointly

1We use “wholesaler” and “intermediary” interchangeably. The data distinguishes between wholesalers
that conduct firm-to-firm transactions and retailers that mediate firm-to-consumer sales. We restrict our
analysis to wholesalers to study intermediation in production networks as distinct from intermediation chains
to consumers. We capture the vast majority of cross-border flows, as retailers account for less than 10% of
total imports in Chile.



determine the profitability of each potential buyer under direct and indirect trade and thereby
the seller’s total sales. There can thus be purely direct, purely indirect, and mixed sellers
along the entire seller size distribution. Given productivity (matchability), suppliers with
higher matchability (productivity) are less likely to sell exclusively indirectly and more likely
to sell exclusively directly. Moreover, mixed suppliers optimally serve buyers above (below) a
cutoff productivity directly (indirectly). Along the intensive margin, bilateral sales conditional
on a match increase with both seller and buyer productivity, because buyer’s input demand
is higher when inputs are cheaper and when final demand is greater due to cheaper output.
The trade mode also matters, as a seller’s price and revenue are lower when serving a buyer
through an intermediary.

Intermediaries thus widen production networks by enabling more firm links, especially for
smaller buyers and for productive suppliers with low matchability. Intermediaries also deepen
production networks, as higher buyer connectivity endogenously increases input purchases
through lower input costs and higher final demand.

Our third contribution is to provide empirical evidence that corroborates the model and
informs the nature of network transaction costs. At the micro level, we show that the median
number of direct buyer links varies little across supplier size bins, while the link distribution
overlaps greatly across bins. This is in line with two-dimensional seller heterogeneity in the
model, and inconsistent with strict monotonicity predicted by frameworks with a single
seller attribute. We also confirm that direct buyer-seller matches exhibit negative degree
assortativity such that suppliers with more producer buyers on average sell to producers with
fewer suppliers. Analogously, more connected producers on average source from less connected
suppliers. While negative degree assortativity has previously been reported in firm networks,
we document it specifically for direct links that differ conceptually from intermediated links.

We then examine the variation in trade intermediation across countries exporting to Chile
at the sector level. Using GDP per capita as a proxy for average productivity, we document
that the shares of intermediated trade and of indirect suppliers fall with origin income,
consistent with model implications for the seller productivity distribution. We also analyze
a series of country characteristics that capture three potential types of average matching
and transaction costs across suppliers: shipping and logistics; customs and red tape; and
contracting frictions. This informs what barriers challenge buyer-supplier link formation, but
are possible for specialized wholesalers to alleviate. Our results suggest that intermediaries
primarily help producers in arranging shipping logistics and transacting with customers
when informal contracting institutions are weak: they mediate a greater share of trade flows
emanating from distant countries with unreliable shipping arrivals, low trust in foreigners,

and limited religious similarity. By contrast, trade intermediation varies little with customs



efficiency, linguistic proximity, or the quality of formal contracting institutions at the origin.

Our final contribution is to quantify the welfare effects of trade intermediation and the
role of two-dimensional supplier heterogeneity. We develop a method for estimating the model
based on the simulated method of moments. Two main results emerge from the quantification
exercise. First, intermediation reduces matching costs by 26% relative to average direct
matching costs. Second, we find a negative correlation between supplier productivity and
matchability, i.e. highly productive suppliers have higher direct matching costs on average.
While we do not investigate the origins of this correlation, it could arise, for example, due to
imperfect or incomplete labor markets, such as information frictions in the market for sales
managers or span of control issues inside the firm.

We conclude with two counterfactual exercises. First, shutting down intermediation raises
the consumer final-goods price index (CPI) by 3.3%, implying that the welfare gains from
intermediation are around 3%. Intuitively, many firm-to-firm links are broken, with small,
less productive buyers and high-productivity, low-matchability sellers affected the most.
This speaks to policies that improve access to cross-border intermediation services, such
as domestic competition policy in the services sector or multilateral deep integration that
spans goods and services trade liberalization. Second, moving from negatively correlated to
uncorrelated seller attributes decreases the CPI by 3.4%. Intuitively, highly productive firms
are no longer hindered by high direct matching costs on average, almost never sell purely
indirectly, and their inputs are more likely to reach final producers. This signals how the
gains from intermediation may vary across sectors or countries with different distributions of
firm-to-firm matching costs. Both counterfactuals reveal differential impacts across the seller

and buyer distributions.

This paper bridges and advances two parallel literatures on buyer-supplier networks and
on trade intermediation. On the one hand, research on global value chains and production
networks has made important advances in documenting and understanding their complexity
(Baldwin (2015), Bernard and Moxnes (2018), Antras and Chor (2022)). This literature has
examined the role of global input sourcing and roundabout production for firms’ productivity,
quality, innovation and profitability, and thereby for the gains from trade (Goldberg et
al. (2010), Manova and Zhang (2012), Gopinath and Neiman (2014), Caliendo and Parro
(2015), Antras et al. (2017), Amiti and Konings (2007), Halpern et al. (2015), Bgler et al.
(2015), Blaum et al. (2018), Boehm and Oberfield (2020), Bloom et al. (2021)). Frontier work
highlights the roles of two-sided buyer- and seller heterogeneity and imperfect competition
for endogenous network formation, performance across the firm size distribution, and the
gains from trade (Chaney (2014), Carballo et al. (2018), Bernard et al. (2018), Bernard et al.
(2019), Huang et al. (2021), Eaton et al. (2022), Bernard et al. (2022), Fontaine et al. (2023)).



While this literature is interested in how firms match and how idiosyncratic shocks propagate
to shape aggregate fluctuations, it typically treats network formation and operation costs as
a black box, and abstracts away from trade intermediation (Acemoglu et al. (2012), Baqaee
and Farhi (2019), Carvalho et al. (2021), Elliott et al. (2022), Lim (2018)).

A separate strand of research has explored the role of intermediaries in facilitating
commerce. Intermediaries are believed to reduce the fixed costs of trade (Ahn et al. (2011),
Bernard et al. (2015), Blum et al. (2009)), although their market power can diminish the gains
from intermediation (Dhingra and Tenreyro (2020), Ganapati (2018), Grant and Startz (2022)).
Early theoretical work examined the choice of direct vs. indirect exports of heterogeneous
final producers (Antras and Costinot (2011), Ahn et al. (2011)), which counterfactually
predicts that sellers above (below) a productivity threshold sort strictly into direct (indirect)
sales. Data limitations also restricted early empirical analysis to comparing the exports
of manufacturers and intermediaries (Bernard et al. (2010), Bernard et al. (2015)), rather
than the direct and indirect exports of manufacturers as dictated by theory. Current work
highlights the role of intermediaries in production networks. Allowing for both seller and buyer
productivity heterogeneity can accommodate suppliers with purely direct, purely indirect, and
mixed sales strategies, and has implications for aggregate productivity and shock transmission
downstream (Blum et al. (2024)). Yet, it cannot fully rationalize the prominent prevalence
we document for all three sales modes across the firm size distribution.

We advance this line of work by analyzing network formation between heterogeneous
sellers and buyers with two-dimensional seller heterogeneity and access to intermediation.
We establish the relevance of supplier productivity and matchability both empirically and
quantitatively, and show that their joint distribution shapes the welfare gains from interme-
diation. We also study the direct and intermediated exports of manufacturers, and exploit
their variation across origin countries to inform the role of the productivity distribution and
to unpack country drivers of firm networking costs.

More generally, our research speaks to the interdependence of manufacturing and services
sectors, in that wholesale services directly shape seller-buyer production networks. While we
focus on the use of intermediation by suppliers seeking to broaden their sales network, in
complementary work Perello (2024) explores how downstream producers choose to source
upstream inputs directly or through intermediaries to guard against supply network disrup-
tions. Implicitly, this body of evidence indicates to what extent the market for intermediation
services has responded to meet the needs of manufacturing firms. This informs thinking about
trade promotion and facilitation that many developing-country governments undertake and
international organizations support, as well as discussions of geopolitical reorganization of

production networks.



The rest of the paper is organized as follows. Section 2 introduces the data and stylized
facts. Section 3 develops the general equilibrium model of trade intermediation in production
networks. Section 4 presents empirical evidence for trade patterns across firms and origin
countries, and unpacks drivers of network costs. Section 5 provides model quantification and

welfare counterfactuals. The last section concludes.

2. Data and Stylized Facts

2.1. Data

We exploit rich data for Chile that allows us to examine the universe of firm-to-firm import
transactions and detailed characteristics of domestic firms. We obtain the value, quantity, and
unit value for all import flows from the Chilean Customs Service for the 2005-2019 period.
These records identify the origin country, HS 6-digit product, foreign seller, and domestic
buyer for each transaction. We also collect information on firm size and primary industry of
activity from the Business Statistics maintained by the Chilean Tax Authority for the same
period. We match these datasets based on a unique firm tax identifier. Below we report results
for the most recent cross-section in the data, year 2019; all patterns hold in the cross-section
for other years and in the pooled panel with year fixed effects.

We classify Chilean firms into three types based on their main business activity: produc-
ers, wholesalers, and retailers. The Chilean Tax Authority closely follows the International
Standard Industrial Classification (ISIC, rev. 4) for the wholesale and retail sectors. Whole-
salers specialize in the “resale without transformation of new and used goods to retailers, to
industrial commercial, institutional or professional users, or to other wholesalers”. Wholesale
operations can include services incidental to trade, such as sorting, packaging, or storage.
Retailers, on the other hand, specialize in the resale of goods to the general public for personal
or household consumption. Thus, wholesalers intermediate firm-to-firm transactions, while
retailers focus on firm-to-consumer transactions.

Table 1 provides summary statistics for the activity of these three types of Chilean
firms. Overall, there are 13,524 producer-importers, who represent 45% of all importers and
capture 46% of imports by value. Wholesaler-importers number 8,980 (30%) and account for a
disproportionately large share of imports (44%). Retailer-importers are likewise numerous at
7,851 (25%), but contribute only 10% of imports. Given our interest in firm-to-firm production
networks, we focus exclusively on Chilean producers and wholesalers, and omit retailers from
the analysis. For convenience, we will use “wholesaler” and “intermediary” synonymously.

We distinguish between three types of foreign firms exporting to Chile based on their

trade strategy: Direct suppliers sell exclusively to producers, indirect suppliers transact only
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Table 1: Summary statistics by firm type

N %  trade value % trade value

Chilean importers

Producers 13,524 0.45 28,105,142 0.46
Wholesalers 8,980 0.30 26,866,504 0.44
Retailers 7,851  0.25 6,540,562 0.10
Foreign suppliers

Direct suppliers 57,137  0.48 20,226,218 0.40
Indirect suppliers 54,032 0.45 16,858,178 0.34
Mixed suppliers 7,626  0.07 13,167,955 0.26

Note: Summary statistics are reported for the universe of Chilean importers, and for the subset of foreign
suppliers trading with producers and wholesalers. Foreign suppliers transacting with retailers are excluded
from the analysis. The table displays cross-sectional data for 2019.

with wholesalers, and mixed suppliers sell both to producers and to wholesalers. In some
empirical exercises, we also consider suppliers’ trade mode within a particular product, in
recognition of the large role of multi-product exporters in the data.

We display summary statistics for foreign suppliers in the bottom half of Table 1, and
visualize the relationship between foreign suppliers and domestic buyers in Figure 1. Chile
receives imports from 57,137 purely direct foreign suppliers from 141 countries of origin, 54,032
purely indirect suppliers from 148 origins, and 7,626 mixed suppliers from 78 countries. Direct
and indirect exporters represent respectively 48% and 45% by count, but are responsible for
only 40% and 34% of total trade value (approximately 20% less than their weight in the
pool of exporters). Instead, the 7% suppliers with a mixed sales strategy conduct 26% of all

exports to Chile, which is almost 4 times their weight by number.

2.2. Stylized Facts

We establish three stylized facts about trade intermediation using the detailed Chilean records.
These empirical regularities go against theoretical predictions in the prior literature that have
not been confronted with disaggregated data on firm-to-firm transactions, and motivate key

ingredients of the novel model we propose in Section 3.

Fact 1. Ezporters across the size distribution use trade intermediation. Bigger exporters are
less likely to trade purely directly, more likely to mix trade modes, and similarly likely to trade

purely indirectly.



Figure 1: Bi-partite network of foreign suppliers and Chilean importers

Foreign [ Direct ] [ Mixed ] [ Indirect ]

suppliers (57,137; 40%) (7,626; 26%) (54,032; 34%)
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Chilean Producers Wholesalers Retailers
importers (13,524; 46%) (8,980; 44%) (7,851; 10%)

v
Consumers

Note: Numbers in parenthesis correspond to the count of firms, while percentages indicate trade shares and
add up to 1 in each row. The figure displays cross-sectional data for 2019.

Figure 2a documents the use of different sales strategies across 20 size bins of exporters to
Chile. We measure a seller’s size with its total exports to Chile, and summarize trade activity
pooling across sellers from all origin countries. The share of suppliers that transact only
directly with downstream producers falls systematically with supplier size, from approximately
60% in the bottom 5% to fewer than 40% in the top 5%. The share of suppliers that trade
exclusively through wholesalers remains close to 40% across the size distribution, with some
indication of an inverse U-shape. Finally, the share of suppliers that pursue both direct
and intermediated sales rises monotonically with firm size, from negligible levels among the
smallest 5% to about 30% among the biggest 5%.

Intermediated trade is not only often used by suppliers big and small, but it also accounts
for a large portion of aggregate trade flows. Figure 2b decomposes the value of total exports to
Chile in each exporter size bin into direct exports by purely direct suppliers, direct exports by
mixed suppliers, indirect exports by mixed suppliers, and indirect exports by purely indirect
suppliers. Intermediated trade contributes 40-50% of aggregate exports across the board.

Figure 3 confirms that similar patterns hold when we consider one origin country at a
time. We plot the breakdown of export strategies across 20 size bins separately for suppliers
from Brazil, China, Germany, and the US. These countries are not only among Chile’s
most important trade partners, but they also represent a mix of developed and developing

economies, near and far. Each sees notable activity under all three trade modes.



Figure 2: Trade strategy across the supplier size distribution
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Fact 1 sharply contrasts key predictions of existing models of trade intermediation. Such
models feature seller heterogeneity, whereby all exporters above a productivity cutoff sort
exclusively into direct exporting, and all exporters below that cutoff trade only through
intermediaries (Ahn et al. (2011), Akerman (2018), Felbermayr and Jung (2011)). The new
empirical regularity we uncover points to the need to consider supplier heterogeneity along
two, imperfectly correlated dimensions; in our model, these will be seller productivity and

matchability.

Fact 2. Exporters mix trade modes within narrowly defined products, regardless of the

exporter’s product scope or product rank.

Table 2 demonstrates that mixed suppliers are not simply multi-product firms that sell
each product under a single trade mode but adopt different strategies across products. Instead,
mixed suppliers routinely market the same finely disaggregated HS 6-digit product both
directly and through wholesalers. Fully 65% of all mixed suppliers mix trade modes within at
least one of their products, with the average mixed supplier transacting both directly and
indirectly in 31% of their products. Revenues from such mixed-mode products are moreover
not trivial, but amount to 45% of total firm sales on average.

Table 2 also documents that these patterns hold for suppliers of different product scope.
We distinguish between mixed exporters with 1, 2, 3, or at least 4 products in their sales
portfolio. The share of exporters that mix sales modes within at least one product is always
above 50% and generally rises with product scope; this share is definitionally 100% for

single-product mixed sellers. Suppliers with a bigger product range tend to mix sales modes
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Figure 3: Suppliers’ trade strategy for top origin countries
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for a smaller share of their varieties that in turn generate a smaller share of total revenues,
but both shares remain high at 15% and 35% on average, respectively.

Finally, mixed suppliers do not systematically vary their choice of trade mode across
products based on the product’s sales rank. For each mixed supplier that offers at least n
products, we sort their products by export revenue, and assign rank = 1 to their core good
and rank = 2,3,..,n — 1, n+ to their progressively more peripheral goods. We then calculate
the share of a product’s direct and indirect sales by product rank for each firm, and average
these shares across firms. Figure 4 shows that among mixed suppliers of at least 4 products
(n = 4), intermediated sales account for a remarkably flat 52% regardless of product rank.
We have confirmed that the share of indirect sales remains similarly stable across core and
peripheral goods when we consider subsamples of mixed suppliers with a more diversified
product portfolio, such as n = 5 or n = 10.

Fact 2 suggests that seller heterogeneity is not sufficient to rationalize the incidence of
intermediated trade in the data. Existing models of multi-product firms typically combine

heterogeneity in firm-wide efficiency across firms with dispersion in firm-product specific
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Table 2: Trade strategy of mixed suppliers by product scope

Product ) % Firms mixing % Products % Sales from
# Firms 1 . .
scope within product mixed mixed products
1 1,067 1 1 1
2 1,622 0.5 0.27 0.41
3 1,093 0.53 0.21 0.38
4+ 3,844 0.64 0.15 0.35
Total 7,626 0.65 0.31 0.45

Figure 4: Trade strategy of multi-product suppliers by product rank

B Djrect trade
B |ndirect trade

% sales

expertise across products within firms (Bernard et al. (2011), Manova and Yu (2017)).
Incorporating this insight into standard models of trade intermediation with only supply-side
heterogeneity would imply that firms choose a single trade mode for each product and are
systematically more likely to rely on wholesalers for more peripheral goods. Fact 2 indicates
that both of these predictions are counterfactual. Instead, it points to a role for buyer
heterogeneity as featured in some prior models of trade intermediation, whereby each exporter
supplies a given product directly (indirectly) to buyers above (below) a productivity threshold.

In sum, Facts 1 and 2 together motivate a framework with two-dimensional seller het-
erogeneity (productivity and matchability) and buyer heterogeneity (productivity). Note
that allowing for one-dimensional heterogeneity among both sellers and buyers would fail to
explain the incidence of intermediated trade across the seller size distribution or across the

product hierarchy within sellers.
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Fact 3. Ezxporters charge wholesalers lower prices than producer buyers. Purely indirect
exporters set lower prices than purely direct and mized exporters, and mixed exporters set

lower prices on their indirect transactions than on their direct transactions.

Table 3 establishes that trade prices are systematically lower on sales to wholesalers
than on sales to producer buyers. This pattern holds both across sellers with different trade
strategies and across the buyers of sellers that mix trade modes, even within narrow product
categories.

We first compare the prices charged by purely direct, purely indirect and mixed foreign
suppliers of the same product.2 In Column 1 of Table 3, we regress log unit value at the
transaction level on dummies for seller type, conditioning on HS 6-digit product fixed effects.
Compared to mixed suppliers, purely direct exporters set 50% higher prices on average, while
purely indirect exporters receive 14% lower prices on average. These price differentials remain
large at 28.5% and 25% respectively in Column 2, when we additionally control for seller,
buyer and transaction attributes that may relate to bargaining power or volume discounts
and thus capture economic forces other than trade intermediation. In particular, we condition
on the size and connectivity of each trade partner, as well as the log transaction value.?

We then restrict the analysis to the subsample of mixed suppliers, and evaluate the
prices charged by the same supplier across direct and indirect sales transactions for the same
product. In Column 3, we now regress log unit values on a dummy for exports to a wholesaler,
controlling for supplier-product pair fixed effects. In Column 4, we further condition on
transaction value, buyer size and connectivity. Exporters consistently offer intermediaries
8.3%-9.6% lower prices compared to direct producer buyers.

Fact 3 is informative of price setting in wholesale transactions, and can thus discriminate
between different conceptualizations of the seller-wholesaler relationship in the prior literature.
This in turn informs the trade-off faced by exporters when choosing their optimal sales strategy.
The price discount on intermediated sales is inconsistent with the wholesaler engaging in
double marginalization or charging a brokerage fee on the seller’s variable profits, as in
both cases the supplier would not price discriminate across customers. The evidence also
speaks against a brokerage fee on the sales value of the transaction, which would manifest in
higher, rather than lower prices on intermediated trade. Instead, the new fact we document

suggests that suppliers and wholesalers may engage in Nash bargaining, whereby the fee for

2Table 3 shows results when mixed suppliers are defined at the firm-product level, such that suppliers are
classified as mixed only for their mixed products. As reported in the Appendix, we find similar results when
defining mixed suppliers at the firm level.

3The size of Chilean buyers is approximated by their total imports, while their connectivity is measured
by their total number of international suppliers. The size and connectivity of foreign suppliers is defined
analogously, but considering their sales and customers in Chile.
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Table 3: Direct and indirect prices

All suppliers Mixed suppliers
(1) (2) (3) (1)
log(Unit Value) log(Unit Value) log(Unit Value) log(Unit Value)
D(Direct Supplier=1) 0.496%** 0.285%#*
(0.030) (0.042)
D(Indirect Supplier=1) -0.14 7% -0.251%%*
(0.033) (0.044)
D(Wholesaler Buyer=1) -0.096*** -0.083***
(0.014) (0.015)
Product FE Yes Yes No No
Supplier-Product FE No No Yes Yes
Transacted value No Yes No Yes
Supplier controls No Yes No No
Buyer controls No Yes No Yes
N 471,730 471,730 27,296 27,296

Note: All regressions are at the supplier-HS6 product-buyer level for year 2019. Columns 1-2 compare the
prices charged by purely direct and purely indirect suppliers to those of mixed suppliers. Columns 3-4 compare
the prices that mixed suppliers charge when exporting to wholesalers and to producer buyers. Buyer and
supplier controls include firm size (total trade value) and connectivity (number of trade partners).

intermediation services depends on the wholesalers’ relative market power.

3. Theoretical Framework

We develop a quantifiable model of endogenous network formation with trade intermediation.
Models of trade and production networks typically abstract from distribution channels, while
canonical models of intermediaries ignore their role in shaping firm-to-firm connections. Our
framework blends these two approaches in a setting with two-sided firm heterogeneity and

heterogeneous relationship capabilities.

3.1. Setup

Consider a world with multiple countries 7 € J and three active sectors in each country: up-
stream suppliers (U) who use labor to produce differentiated intermediate inputs, downstream
producers (D) who assemble intermediates into differentiated final goods, and wholesale
intermediaries (W) who can handle transactions between upstream suppliers and downstream
producers. The upstream and downstream sectors are populated by a fixed mass of respec-

tively N; (U) and N; (D) heterogeneous firms that engage in monopolistic competition. We
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study homogeneous intermediaries to focus on the sorting of heterogeneous manufacturers
into different trade modes. We model intermediaries located in the destination market, as
import intermediaries are observationally much more important than export intermediaries
in the Chilean context. We use tilde-notation y to denote variables related to final goods and
standard notation y when referring to intermediate inputs, and suppress country subscripts
when not of interest.

Upstream suppliers differ along two dimensions: productivity, which pins down their
marginal production cost, and relationship capability (also called matchability), which
determines their fixed cost of searching, matching and transacting directly with a customer.
Downstream producers differ in their productivity in assembling inputs into final goods.*
Intermediaries offer distribution services that reduce relationship-specific costs in exchange
for an implicit brokerage fee that depends on their bargaining power. One can think of them
as wholesalers that coordinate transportation, logistics, contracts, insurance, and customer
communication. Thus, upstream suppliers choose whether to serve a given downstream
producer directly, indirectly by hiring the services of an intermediary, or not at all.

We examine a bi-partite production network in order to characterize the impact of trade
intermediation in a transparent and tractable way. In particular, we assume without loss of
generality that downstream producers operate domestically, while upstream suppliers can
serve both domestic and foreign markets. Incorporating trade in final goods, or the use of
final goods in producing intermediates, would add network complexity without qualitatively

affecting the novel mechanisms of interest.

3.2. Consumers

Consumers in country 7 have Cobb-Douglas preferences over homogeneous and differentiated
final goods. The homogeneous good ¢; is freely traded and produced using labor under
constant returns to scale, such that one unit of labor produces w; units of output. Using
the homogeneous good as numeraire sets wages to w; in country j. Consumers exhibit CES

preferences for varieties w € €, of the non-tradable differentiated good:

b

) ., \Bo/o)
Uj Aq'jloﬁ(/ﬂ G (w)aldw>

j
where o > 1 is the elasticity of substitution across varieties. Given aggregate expenditure
E’j and the price index P; = <f-Qj Aﬁ(w)lfcdw> 1/(1-0) for differentiated goods, demand for

4We assume that sellers bear all relationship-specific costs in order to understand how upstream suppliers
use intermediaries to trade with downstream producers. Section 4 discusses the role of heterogeneous seller
matchability in fitting the model to the data.
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variety w with price p(w) is:
G (@) = B (w) “PF L (BE; ). (1)

3.3. Downstream Producers

Downstream producers sell to local consumers in country 5. They own a blueprint for a single
variety w of final goods, and draw productivity ¢ € [¢, ] from distribution G(¢) with density
dG(C). The downstream technology transforms intermediate inputs into final goods under

constant returns to scale:

W0 =100, Q- ( /. a0

b

n-1 )n/ (m-1)

where n > 1 is the elasticity of substitution across intermediates, and ¢(v, ¢) is the quantity
purchased of input variety v from the producer’s set of upstream suppliers Q((). The marginal
cost of downstream producers thus depends on their own productivity and their input cost

index C((), which aggregates input prices p(v, () across suppliers:

1/(1-m)
c(Q) = @, C(C) = (/Q(C) p(v,C)lﬂdU) , (2)

Under monopolistic competition and CES final demand, downstream producers charge a
constant markup @ = 5% over their marginal cost, such that p(C) = ©¢(¢). Thus, quantity
sold by producer ¢ in country j is given by (1), and its demand for intermediate variety v

from country 7 is:

6ij (v,0) = pij (v,0) G (O LX; (0), (3)

where X (C) are the total input purchases of producer . Note that the trade mode does not
affect input demand beyond any effect it might have on prices. Furthermore, downstream
producers incur no matching costs, and the efficiency gains from input variety therefore

incentivize them to transact with all interested upstream suppliers Q ().

3.4. Upstream Suppliers

Upstream suppliers sell to downstream producers both at home and abroad. They draw
productivity z € [z,z| and matchability fP e | f D ,TD] from joint distribution G(z, fP) =
G(A) with density dG(A), where productivity and matchability may be correlated. They use
labor to produce a single variety v of intermediate goods under constant returns to scale, and

face iceberg trade costs T;;. The marginal cost of upstream supplier A =(z, f D ) in country 4
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selling to downstream producers in country j is thus:

Tij wy

Suppliers face relationship-specific fixed costs f D (in units of labor) when trading directly
with a downstream customer. Alternatively, they can delegate all relationship logistics to
an intermediary. They would then incur a fixed cost fI that does not depend on their
matchability, in return for an implicit brokerage fee specified below that reduces their variable
profits. One can micro-found this cost structure with intermediaries passing on some of their
own fixed costs to the supplier, or as suppliers having to retain some degree of relationship
management activities in-house.

Upstream supplier A =(z, f D ) will optimally choose the sets of downstream producers
to serve directly {CeD(A)} and indirectly {CeJ(A)} and the price and quantity for each

transaction to maximize global profits. The supplier’s problem can be expressed as:

max (A) = / 7P (A, Q)de + / (A, Q)de, (5)
D), IN){ PP (A0, pT (A0),aP (A0),a (A0)} D(A) I

where 7t (A, ¢) and ! (A, ¢) denote supplier profits when trading with producer ¢ under each
trade mode, and vector {pD(?\, Q0), p[(7\, 0), qDO\7 0), qI(7\, C)} indicates the bilateral prices

and quantities offered in direct and indirect transactions.

3.5. Trade Intermediaries

Intermediaries specialize in operationalizing transactions between foreign suppliers and
their matched domestic buyers. We abstract away from intermediary heterogeneity and
matchmaking services, and focus on the role of homogeneous intermediaries in reducing
relationship-specific costs associated for example with logistics, distribution, or communica-
tion.?

An import intermediary in country j receives and transfers goods from upstream supplier
A in country ¢ intended for downstream producer ¢ in j. The wholesaler incurs a fixed cost
f W per relationship, and charges the supplier a brokerage fee. Specifically, the wholesaler

and the supplier engage in Nash bargaining over the trade surplus (or variable profits)

5The presence of multiple homogeneous intermediaries that offer identical service contracts could be
justified with some degree of horizontal differentiation in intermediation services that is orthogonal to the
buyer-supplier production network. For example, intermediaries may specialize in different geographic regions
that have otherwise identical probabilistic buyer distributions, such that suppliers first choose intermediated
buyer links and then transact with whichever wholesaler covers that buyer’s region.
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from the transaction, with bargaining weights ¢ and 1 — ¢ respectively. The wholesaler’s
profits are thus 7" — Jaw[B(d, A, Q) - FW1d(A, ©), where QW is its set of intermediated
transactions, piI;V (A, Q) is the price it charges the final buyer, and the brokerage fee is
BN = (p (A0~ ey V) af; (A 0).

We make two assumptions about the market for intermediation services that grant the
model transparency and tractability with little loss of generality. These assumptions ensure
that the use of wholesale trade is determined solely by the upstream supplier, such that we
can cleanly illustrate how access to intermediation reshapes production networks. We are
able to characterize rich and empirically relevant sorting patterns, without having to consider
an exhaustive taxonomy of cases.

First, we take the structure of the intermediation contract and the wholesaler’s bargaining
power ¢ as exogenous. However, these can be rationalized as equilibrium outcomes of the
market for intermediation services, for example under free entry in the wholesale sector or
when ¢ reflects a wholesaler’s market share of aggregate (intermediated) trade.5

Second, we also assume that f W is sufficiently small to guarantee that intermediaries
are willing to carry out any transaction that is deemed profitable by upstream suppliers.
Intuitively, this is consistent with specialized intermediaries having high relationship capability
due to their established distribution network, streamlined contracting and logistics, and

professionalized customer management.7

3.6. Firm-to-Firm Sales

Upstream suppliers maximize global profits by making independent sales decisions across
buyers.® The supplier problem (5) therefore reduces to a two-step optimization: (i) optimal
match-specific prices and quantities conditional on a direct or indirect link, and (ii) optimal
sets of direct and indirect links. We first characterize the intensive margin of firm-to-firm
sales conditional on the network structure; the next section then describes the extensive
margin of endogenous network formation.

Conditional on transacting with a given buyer, the supplier will choose the optimal
bilateral price and quantity to maximize profits from that relationship, taking into account

the chosen trade mode. The profit maximization problem of upstream supplier A from country

6For instance, ¢ would be pinned down by 7"V = 0 under free entry into intermediation.

"Alternatively, one can think of intermediaries passing their relationship-specific costs onto suppliers in
the form of non-linear pricing. The supplier fixed cost of indirect sales f I would then encompass f W,

8Interdependence could arise, for example, due to production capacity or credit constraints, or
(dis)economies of scale in marketing and distribution.
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1 selling directly to downstream producer ¢ in market 5 would be:

D _[,D o D _ D
z@@%ﬁhmamﬂko[pﬁ@i)C”O)%ﬂNQ FE).

Given downstream input demand (3) and monopolistic competition upstream, suppliers
would optimally charge all of their direct customers a constant markup p = 1% above their
marginal cost of production and delivery, such that pg (A, Q) = neij (A).

On the other hand, the profits of upstream supplier A when serving the same downstream

producer ( indirectly would be:

=10 [ 0] - 1,

where the first term reflects the share (1 — ¢) of the variable profits (or trade surplus)
( P ZI;V (A, Q) — ¢y (7\)) qi]j (A, €) generated from an intermediated transaction between A and C.

Given downstream input demand (3) and Nash bargaining between the wholesaler and
the supplier, the wholesaler optimally charges the buyer the same price as under a direct
transaction, p"V' (A, ) = pP (A, Q) = keij (M), so as to maximize the trade surplus to be shared
with supplier A. Thus, B($,A, 0) = ¢ <pZDj (A, Q) — cij (?\)) qilj (A, ¢) is the intermediary’s

brokerage fee, while (1 - ) (pg (A, Q) — cij (7\)) qZ-Ij (A, €) are the seller’s variable profits.
The supplier’s profit maximization problem under intermediated trade can therefore be

expressed in terms of the implied price received on indirect transactions pg j (A, 0):

1 1 I 1
max T((}\,C): []7(7\7&)*0(}\)] Q(A,C)*f ’
NSNS ? R
where pfj (A, O) satisfies (pgj (A, Q) — cij (?\)) = (1-0) (pZDj (A, Q) — cij (?\))
Suppliers will therefore price discriminate across customers, and offer intermediaries a

lower price than direct producer buyers:
n-¢ n-¢
p{j (A, C) = <T) Pg (A, €)= (ﬂ—1> cij (A). (6)

Note that the wedge between the supplier’s direct and indirect prices is shaped by the
bargaining power of intermediaries: When ¢ =~ 1, the wholesaler extracts all rents from
the transaction and the supplier only covers its marginal costs, while when ¢ ~ 0, the
supplier gives no wholesaler discount. Therefore, upstream prices depend on both seller
productivity and trade mode, but not on buyer productivity or any other match characteristic

beyond iceberg trade costs. On the other hand, the ultimate buyer faces the same input price
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regardless of how the input reaches them, since wholesalers’” double marginalization implies
pyf \O) = pE (A Q)0
We can characterize seller-buyer trade flows z;; (A, ¢) = p;; (A, )g;5 (A, ¢) by replacing

optimal prices in the demand for intermediate goods (3):

SN
oy OO =k (%) G (VX (0) @)
z; (A 0) = (T]T¢> (N 0). (8)

Firm-to-firm sales depend on seller productivity (through marginal cost), buyer productivity
(through total input purchases), and trade mode (through transaction price), but are unaffected

by seller matchability.

Proposition 1. (Intensive margin) Conditional on a seller-buyer match, sales from upstream

supplier A = (z, fD) to downstream producer (:
(a) increase in seller productivity z but are independent of seller matchability fD;
(b) increase in buyer productivity ;

(c) are lower and cheaper when intermediated.
Proof. See Appendix B. ]

Intuitively, more productive upstream suppliers set lower prices due to their lower marginal
costs, which in turn increases demand from downstream producers. At the same time, any
supplier would earn lower indirect than direct sales revenues because the intermediary holds
market power and extracts a share of the supplier’s markup on direct sales. Turning to buyer
heterogeneity, more productive downstream producers have larger total input purchases, as
their lower marginal cost of assembly attracts greater demand from final consumers. This
implies larger purchases from each infra-marginal supplier (intensive margin). However, we
show below that more productive downstream producers are profitable customers for a larger
set of suppliers. This tends to lower their input cost index, but also raise their consumer

appeal and thereby also their total input expenditure, with opposing effects on their input

9 Alternative pricing schemes for intermediation services can induce different pricing patterns that contradict
Fact 3 that suppliers charge lower prices on indirect transactions (see Appendix C for details). For example,
if intermediaries charge sellers an explicit brokerage fee y as a share of variable profits, sellers would
counterfactually charge the same price for direct and indirect transactions. Sellers would instead set higher
indirect markups and prices if the wholesale fee is applied on transaction values. Fact 3 aside, one can also
always find a level of wholesalers’ market power ¢ that is consistent with y.
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demand from each supplier (extensive margin). The relative strength of these forces depends

on supply and demand elasticities.

3.7. Direct and Indirect Links

The second step in the supplier’s problem is choosing which downstream producers to serve
and via which trade mode. Given optimal firm-to-firm prices, quantities and sales in equations

(7) and (8), the supplier’s profits from potential match (A, {) become:

z2 (N, Q)

(A, ¢) = 2 N L (9)

I n-¢ ”75 Ao

mhvo - (1) (10)
Upstream suppliers will pursue only partnerships that generate non-negative profits, and if
both direct and indirect sales are individually profitable, they will pick the more profitable
strategy. This gives rise to an endogenous network of direct and indirect links between
upstream suppliers and downstream producers.

Figure 5 illustrates the supplier’s problem. For a given upstream supplier A = (z, f D ) in
market ¢, we plot potential direct and indirect profits from transacting with downstream
producers ¢ in market j . Producers are indexed by their total input purchases X; (0), so that
X; (€) and X; (¢) mark the location of the least and most productive potential customer. 10
We suppress origin and destination subscripts for legibility. Note that supplier productivity z
affects the slope of both direct (9) and indirect (10) profits, but not their vertical intercept.
By contrast, supplier matchability f D determines the intercept for direct profits, but neither
the intercept for indirect profits nor the slope of either profit line.

Upstream supplier A faces a trade-off when choosing its optimal trade mode: Indirect
transactions entail lower fixed costs ff < fP (A), but also lower variable profits as indirect
prices are lower. At the same time, both direct and indirect profits increase linearly with
the input purchases of downstream producers X (), which below we establish increase with
buyer productivity ¢. This implies that there are downstream productivity thresholds b (A)
and ¢! (A), above which direct and indirect sales are respectively profitable for upstream
supplier A. There is also a downstream productivity threshold (=1 (A), at which the supplier
is indifferent between trade modes, and above which direct trade is strictly preferred. The

following proposition formalizes these properties:

10 Atomistic upstream suppliers take X; () as given: The firm network determines downstream producers’
input cost index, and thereby how much final demand they face and their total input purchases.
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Figure 5: Direct and indirect supplier profits
(A €)

Proposition 2. (Productivity thresholds) For each upstream supplier A = (z, fD) in market

i selling to downstream producers in market j , there is a set of buyer productivity thresholds
D I D=1 .

& (A), Cij (A) and & (A) such that:

(a) T (A CH(N) = 0 and i (A,C) >0 for C> CH(N);
(b) 7 (A ¢ (V) = 0 and ), (A, Q) >0 for ¢ > Cf; (A);

() m; (A G ) = (NG V) and m (A Q) = (AQ) for ©= CETT).
Proof. See Appendix B. n

The optimal trade strategy for upstream suppliers can be fully characterized with these
three buyer productivity cutoffs, which are implicit functions of supplier attributes and trade
costs. Variation in the distribution of supplier and buyer attributes can thus rationalize
heterogeneity in trade mode use across countries and sectors as observed in the data.

The model can accommodate four scenarios. First, the supplier will not trade with
any customers when (P (A) > C and ¢/(A) > C, since no buyer is productive enough to
incentivize sales by A. This would be the case if the supplier has both low productivity and
low matchability. Second, seller A will be a purely direct supplier, and transact directly with
customers Ce[maz(C, ¢P(A), T when ¢P(A) < ¢f(A) and ¢P(A) < T This would be the
case for suppliers with high productivity, high matchability, or both, such that profit curves

intersect below the x-axis or not at all.l1Third, seller A will be a purely indirect supplier and

1T be precise, there might be a fifth scenario where profit curves intersect above the x-axis, but the
supplier still trades only directly (i.e., ¢/(A) < ¢P(A) and (P=! < ). We assume that there is always a buyer
with sufficiently low productivity to rule this out.
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serve all buyers Ce[maz (g, (I (A)), ] through an intermediary when ¢/ (A) < T < (P=1(A).
This might be the case for suppliers with either low productivity or low matchability in a
market with few highly productive customers. Lastly, supplier A will mix trade modes across
buyers when ¢/(A) < ¢P=1(A) < C and ¢ < ¢P=T(A). Mixed sellers will directly supply
sufficiently productive customers ¢e[¢P?=T (), 7] that warrant the higher fixed costs, and serve
a less productive segment of customers (e[maz(, ¢I(A)), P~1(A)) through a wholesaler.
This is the case illustrated in Figure 5, and is likely to describe suppliers with intermediate
levels of productivity and matchability.

The proposition below summarizes suppliers’ optimal trade strategy:

Proposition 3. (Optimal trade strategy) Consider the set of downstream buyers in market j
with productivity support [(; ,Zj |. The optimal trade strategy for upstream supplier A = (z, f D )

from market i is:
(a) No trade if Cg (A) > ¢; and ij A) > ¢ ;
(b) Direct trade with buyers Ce[maz((;, Cg (), ¢ if 53 (A) < ij (A) and C% A) <¢;
(¢) Indirect trade with buyers Ce[max((;, Cz[j (), G| if ng A) < < CZL}:I(?\);

(d) Indirect trade with buyers Ce[maz((;, ij (A)), CgZI(A)) and direct trade with buyers
CeleD TN, G ] if ¢ (N < cT TN < G and g < BTN,

Proof. See Appendix B. n

To build intuition, we analyze the optimal trade mode of upstream suppliers when varying
only one of their two dimensions of heterogeneity. Figures 6a and 6b compare suppliers of low,
medium and high productivity levels, zL0% < » < 2High byt the same matchability. They
all share the same intercepts for direct and indirect profits, but both profit lines are steeper
for more productive suppliers. Holding matchability constant, more productive suppliers will
thus serve more buyers and be more likely to transact directly. Suppliers with sufficiently
high productivity will sell exclusively directly, suppliers with sufficiently low productivity
will pursue only indirect trade, and suppliers with intermediate productivity levels will sell
directly to their more productive customers and rely on intermediaries for an additional
margin of less productive customers.

Figure 6¢ in turn compares two suppliers of the same production efficiency but different
degrees of matchability, fLov < fD — fHigh \While profits for indirect transactions are
not affected by matchability, the profit lines for direct sales are parallel to each other at
different intercepts, so that they cross the z-axis and 7l at different points. Suppliers with

higher matchability will be more likely to have direct customer relationships. Suppliers
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Figure 6: Supplier productivity and matchability
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with sufficiently low relationship costs will sell exclusively directly, and among purely direct
sellers, those with higher matchability will have more customers. By contrast, suppliers
with sufficiently high relationship costs will sell exclusively through intermediaries. Suppliers
with moderate levels of matchability will target more productive buyers directly and reach
additional customers through an intermediary. Conditional on productivity, all mixed suppliers
will have the same number of ultimate buyers, but those with higher matchability will maintain

a bigger share of direct links.

Proposition 4. (Eztensive margin) The set of direct and indirect buyers ¢ € {D(A) UI(A)}

of upstream supplier A = (z, fD) 18 non-contracting in supplier productivity z and matchability

P
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(1) Given matchability (productivity), suppliers with higher productivity (matchability) are

more likely to sell exclusively directly and less likely to sell exclusively indirectly.

(i1) Suppliers with mized trade strateqy serve buyers above (below) a productivity threshold
directly (indirectly).

Proof. See Appendix B. m

This endogenous network of direct and indirect buyer-supplier links implies negative degree
assortativity along the extensive margin when supplier connectivity captures all ultimate
customers. In particular, all upstream suppliers follow the same pecking order of downstream
buyers based on buyer productivity, even if some of these transactions are performed indirectly
through trade intermediaries. Holding matchability (productivity) constant, a more productive
(matchable) supplier would thus serve the same customers as a less productive (matchable)
supplier and further add an extra margin of less productive customers. Since buyer size and
number of suppliers are monotonic in buyer productivity, the average ultimate customer of a
more connected supplier will be smaller and less connected.

However, more connected suppliers need not be more connected in terms of direct links.
This occurs because sellers’” productivity and matchability jointly determine both the number
of their total links and the number of their direct links, but these two numbers need not move
proportionately or even in the same direction. This model can therefore rationalize deviations

from strict negative degree assortativity in network data that ignores indirect linkages.

3.8. General Equilibrium

The general equilibrium of the model is a bipartite global network of upstream suppliers
selling directly and indirectly to downstream producers, who in turn sell to final consumers.
We first solve for the equilibrium conditional on a given network of matches, using firms’
optimal sales prices and quantities for this network. We then use the formulation for suppliers’
optimal direct and indirect matches to characterize the endogenous network as a fixed point
that can be solved for numerically.

The network of firm-to-firm linkages can be summarized with two link functions: 5 (A, Q)
and lgj (A, {) for direct and indirect links, respectively. As described below, we follow
Bernard et al. (2022) and introduce an idiosyncratic match-specific component to a seller’s
matching cost in order to estimate the model in Section 5. Thus [ Z (A, ) is the share
of seller-buyer pairs (A, () between ¢ and j that match directly, and l‘i’j (A, Q) is defined
analogously for indirect connections. The total share of potential links that are activated is
thus [;; (A, C) =1 ZD] (A, Q) +1 ZI i (A, €). We will establish that the equilibrium is characterized

by a single fixed point for 1 ;; (A, C).

25



We first describe key outcomes for downstream producers. Taking the matching functions
as given, and noting that producers perceive the same price under direct and indirect

transactions, the input cost index (2) of final producer ( is:

_ Zﬁ </z(>\)“115(7\, 0)dG(N) +/z(>\)ﬂll{j (A, C)dGO\)) (11)

where N;(U) is the mass of upstream suppliers in market i. The producer’s input cost index
depends on the productivity of all its direct and indirect suppliers. It is also implicitly affected
by these suppliers’ matchability, through the matching process that determines links /; D (7\ Q)

and ZZ[ i (A, €). Producers’ input costs C] "(¢) in turn pin down their optimal output price
Pj (C) and sales X(j (€)= pj (Q)g ().

We next relate the global sales of upstream suppliers to the equilibrium link functions.
Suppliers’ total sales are the sum of direct SZ-D (A) and indirect SZ.I (A) sales worldwide, which
in turn summate sales 7;; (A, ¢) to individual downstream producers. Aggregating direct (7)

and indirect (8) bilateral sales across markets and customers, supplier A’s global sales are:12

Si(A):ZN( n1</ccol 1D (A 0dG(0) + (” d’)/cccl 1L ?\C)dG(C))

j (U-wz'tz]
(12)
: . : BE; P!
where N; (D) is the mass of downstream producers in country j, and B; = —e
summarizes aggregate demand for final goods.

Suppliers’ global sales depend on their own productivity z(A), as well as the productivity
¢ and input costs Cj (C) of all their customers. Suppliers’ relationship capability f D (A) and
the option of intermediation affect their sales through the matching functions 15 (A, ¢) and
lZI j (A, £), which reflect the extensive margins of direct and indirect customers. Access to
wholesale services also affects the intensive margin of bilateral sales, since direct and indirect
prices differ.

We can express the share of indirect trade for upstream supplier A globally and within

market 7 as:

12Producers’ total input purchases scale up with their total sales, X; (Q) = X’T(C), where [t is the markup

for final goods. We use this relationship to express X; () in equation (7) in terms of final demand for good ¢ .
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ST > N (D)Bj ;" (“nd’) J Ccr—n( )l{j (A, ©)dG(C)

S s ()BT <fcﬁf%—1(c)lg(7\, QdG(C) + (L2) J G Gl odo )
(13)
n-o ¢ ' T
shny ( )f o gyt i (M ©4E () (14)

Sy [ o n(c)zD()\ 0)dG () + (nnd>> I Cc‘f 1@;{]. (A, Q)dG(T)

Note that these indirect trade shares depend on the supplier’s productivity and matchability
both through their role in determining equilibrium linkages and through the value of direct vs.
indirect bilateral sales conditional on a link. These shares also reflect the relative productivity
and input costs of direct and indirect downstream customers, weighted by customers’ market
size and trade costs when aggregating across destinations.

Firm-to-firm matching in general equilibrium is determined in two steps. In the first
step, suppliers determine whether direct or indirect sales dominate to a given seller, i.e.
k* = arg maxyc(p r} [ﬁf] (A, Q) — fF (7\)], where ﬁfj (A, Q) is gross profits for a potential
match using mode k. In the second step, we assume that suppliers observe an idiosyncratic
multiplicative shock, €, so that their total matching cost becomes f k* ( ) €. After observing
€, the supplier determines whether to match or not, i.e. whether 71 (7\ Q)—¢€f K (A) > 0.
Therefore, the share of seller-buyer pairs (A, () that trade with each other is:

Lij (7\,&)/ [1ne<1m A O) -In ()] aE (o), (15)

where I[] is the indicator function and dH (€) denotes the density of e.

The link function is a fixed-point problem, as profits from a potential match determine
the link probabilities according to equation (15), and the link probabilities in turn determine
profits according to equations (11) and (12).13 After solving for [ ij (A, Q), it is straightforward
to back out direct lg (A, €) and indirect l{ i (A, €) links given the optimal trade strategies

described above.

13While we do not provide a formal proof for the uniqueness and existence of the unconditional equilibrium,
the fixed-point problem is numerically well-behaved and converges to the same solution under different
starting values.
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3.9. Role of Assumptions

We show numerically that a weakly negative correlation between seller productivity and
matchability is necessary to account for the fact that exporters across the size distribution
use trade intermediation, with larger suppliers being less likely to trade only directly, more
likely to mix trade modes, and similarly likely to trade indirectly. By contrast, the share of
purely direct (indirect) suppliers would counterfactually increase (decrease) with supplier size
if supplier efficiency and relationship capability were uncorrelated or positively correlated.
Reverting to one-dimensional seller heterogeneity in productivity alone would counterfactually
imply that sellers sort monotonically into either purely indirect or mixed trade, and are
never purely direct. Finally, suppressing productivity differences across buyers would remove
suppliers’ incentives to mix sales modes, and they would counterfactually sort monotonically

into purely indirect or purely direct trade. These simulations are reported in Appendix D.

4. Empirical Evidence

We next provide empirical evidence that corroborates the model and informs the nature
of network transaction costs. We first validate theoretical predictions for the number of
direct links across suppliers and the assortativity of buyers and suppliers in direct matches.
We then show that the shares of intermediated trade and of indirect suppliers fall with
origin-country GDP per capita, consistent with model implications for the seller productivity
distribution. Lastly, we analyze how trade intermediation varies with different origin-country
characteristics, to unpack the economic forces that drive firm-to-firm matching and transaction
costs. This informs what barriers to buyer-supplier links are problematic but wholesalers can

help overcome.

4.1. Network Connectivity

A key feature of the model is sellers’ two-dimensional heterogeneity. Since we do not observe
seller productivity and matchability in the data, we cannot directly assess their pattern
across firms. However, we can evaluate the model’s implication that the number of direct
matches will generally not vary systematically with total sales across sellers, since neither
is a sufficient statistic for sellers’ vector of attributes. This contrasts with the prediction of
strict monotonicity in standard models with unidimensional firm heterogeneity.

Figure 7 shows that the median number of direct buyer links indeed varies little across
suppliers sorted into 10 bins by total sales. This holds not only when we pool all sellers in

Panel A, but also when we focus on purely direct sellers in Panel B. Moreover, the distribution

28



of direct connectivity across firms within a size bin overlaps greatly across bins, as illustrated
by the 25th-75th interquartile ranges.

Figure 7: Number of direct customers by seller size
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Since two-dimensional seller heterogeneity breaks the monotonicity of seller size and
connectivity, the model implies negative degree assortativity in the production network in
terms of firms’ number of direct links and buyer size, but not necessarily in terms of seller
size. Appendix Figure A1l reveals that, on average, suppliers with more direct connections in
Chile sell to producers with fewer direct connections and lower imports. Analogously, more
connected Chilean producers on average source directly from suppliers with fewer direct links
and lower direct sales, but the latter relationship is significantly flatter as expected.

Note that while recent work has analyzed degree assortativity using the universe of
transactions across or within countries (Bernard et al. (2018), Bernard et al. (2019), Bernard
et al. (2022)), we explicitly exclude intermediated transactions that may be aimed at multiple
producers. We thus provide more accurate evidence for negative degree assortativity that in

principle need not, but in practice does corroborate conclusions in the prior literature.

4.2. Average Productivity

We next exploit the variation in trade intermediation across origin countries exporting to
Chile, in order to inform model predictions for the role of the seller productivity distribution.
The model implies that conditional on matchability, more productive suppliers are more likely
to sell directly and less likely to trade through intermediaries. We use origin GDP per capita
as a proxy for average productivity across suppliers from that origin. Assuming that the shape

of the matchability distribution is orthogonal to average productivity across countries (even
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if average matchability isn’t), we can expect less use of intermediation services by exporters
from richer origins.

Figure 8 confirms that intermediated exports are indeed more prevalent for origins with
lower GDP per capita. We examine aggregate exports to Chile at the country-sector (HS
2-digit) level, demeaned by sector and sorted into 20 bins by origin income. Panel A shows
that the share of intermediated sales to Chile systematically decreases with source-country
GDP per capita. Panels B-D reveal that this pattern reflects the sorting of foreign suppliers
into different trade modes. As origin income rises, there is a smaller share of purely indirect

suppliers to Chilean buyers and bigger shares of purely direct and mixed suppliers.

Figure 8: GDP per capita and intermediation shares
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4.3. Matching Frictions

Finally, we analyze how intermediated trade varies with origin-country characteristics that
may plausibly capture economic determinants of network matching and transaction costs.
We consider country indicators for three types of potential costs: shipping and logistics,
customs procedures, and contracting frictions. We view these country indicators as proxies
for average matching costs across suppliers from that origin. Assuming that the shape of
the productivity distribution is orthogonal to average matchability across countries (even
if average productivity isn’t), there is in principle more scope for trade intermediation for
origins with higher matching costs. In practice, we can expect more use of intermediation
for such origins only to the extent that intermediaries are able to offer specialized services
targeted at these frictions.

We measure shipping and logistics costs with the distance between capital cities from CEPII
and several indicators from the World Bank’s Logistics Performance Indez, such as the quality
of logistic services, track and trace, the ease of arranging shipments, timely shipment arrival,
and overall trade infrastructure. For customs procedures, we take the cost and time of border
compliance, the cost and time of export documentation, and the number of trade procedures
from the World Bank’s Doing Business Report, as well as the overall customs efficiency
component from the Logistics Performance Index. Lastly, we distinguish between formal and
informal institutions that shape contracting costs. For formal contracting institutions, we
study the control of corruption (World Bank’s Worldwide Governance Indicators), the rule
of law (World Bank’s World Development Indicators), and an indicator for common legal
origins with Chile (CEPII). For informal contracting institutions, we exploit measures of
trust and cultural affinity. We consider the share of people who report complete trust in
foreigners from the World Values Survey, and the share of people who share the same religion
or language proximity with Chile based on ancestral roots (i.e., language trees) from CEPII.

Armed with these country indicators, we estimate variants of the following specification

in the cross-section of origin countries ¢ and sectors s:

Yes = v1 Shi p pinge+yao Customs.+ys Formal «+v4 In formal .+y5 Productivit y .+8s+€cs,

where the outcome variable is the share of intermediated trade by value or shares of exporters
by sales mode. We condition on sector fixed effects &5 and origin GDP per capita as a proxy
for productivity in light of the analysis above. We first run separate horse-race regressions for
each cost category that include all cost indicators from that category. Appendix Tables Al,
A2 and A3 report these results. We then pool the leading, most significant cost measures

across all categories into a holistic regression that we present in Table 4.
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Table 4: Matching frictions and intermediation shares

(1) (2) (3) (4)
% Ind Trade % Ind Sellers % Mix Sellers % Dir Sellers

Shipping logistics (distance) 0.041%%* 0.051%%* -0.045%** -0.005
(0.013) (0.014) (0.013) (0.017)
Customs efficiency (cost in border) -0.024 -0.044 0.052 -0.008
(0.088) (0.092) (0.073) (0.109)
Formal contracting (control of corruption) 0.024 0.013 0.006 -0.018
(0.017) (0.019) (0.013) (0.020)
Informal contracting (trust in foreigners) -0.432%* -0.420%* -0.014 0.435%*
(0.194) (0.210) (0.141) (0.170)
Average productivity (GDP per capita) -0.078** -0.081** 0.034* 0.046
(0.031) (0.033) (0.019) (0.034)
HS2 sector FE Yes Yes Yes Yes
N 3.197 3.197 3.197 3197

Note: All regressions are at the origin country - HS2 sector level for year 2019. The outcome variable is the
share of imports intermediated by wholesalers in Column 1, and the shares of purely indirect sellers, mixed
sellers, and purely direct sellers in Columns 2-4. Shipping logistics are proxied by the log-distance between
the origin country and Chile (CEPII). Customs procedures are measured by the monetary cost at the border
(World Bank’s Doing Business). The ease of formal contracting is accounted for by the control of corruption
(World Bank’s Worldwide Governance Indicators). Informal contracting is measured by trust in foreigners
(World Values Survey).

The results suggest that intermediaries primarily help producers in arranging shipping
logistics and transacting with customers when informal contracting institutions are weak.
In particular, intermediaries mediate a greater share of trade flows emanating from distant
origins with unreliable shipping arrivals, low trust in foreigners, and limited religious affinity
with Chile. A greater share of suppliers from such origin countries are either purely indirect
or mixed exporters to Chile. On the other hand, we do not find that trade intermediation
varies systematically with customs efficiency or the quality of formal contracting institutions

at the source country.

5. Model Estimation and Counterfactuals

We estimate the model by simulated method of moments (SMM). This serves two purposes.
First, the estimated parameters are of intrinsic interest, as they inform us about the nature
of seller and buyer heterogeneity and about the economic costs and benefits of intermediation.
The results reveal that seller productivity and matchability are negatively correlated, which

may suggest that there are frictions in the market for managers or span of control issues
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inside the firm.

Second, using the estimated model parameters, we can perform counterfactual analyses.
In particular, we quantify the welfare gains from intermediation by shutting it down and
the role of two-dimensional seller heterogeneity by imposing orthogonal productivity and

matchability.

5.1. Simulated Method of Moments

Recall that the joint distribution of upstream suppliers’ productivity z and matchability
Pis @ (z, o > We assume that this distribution is joint log-normal with expectations
Hin, = 0 and py D standard deviations oy, , and o), D and correlation coefficient p. We
also assume that the downstream producers’ productivity distribution is log-normal with
expectation py, ¢ = 0 and standard deviation Glnc~14 Together with the indirect cost f7, this
yields six unknown parameters to be estimated: Y = < oy, 5, My £ Oy £05 05 Oln s ff }

In addition to these parameters, we need information about the elasticities of substitution
o and n and the bargaining weight ¢. Since we have no direct evidence on the elasticities,
we set 0 =1 = 5 in the baseline estimation to be consistent with prior estimates of trade
elasticities (e.g., Broda and Weinstein (2006)). Recall that ¢ is the share of variable profits
generated from an intermediated transaction that accrues to the wholesaler. From the pricing

rule in equation (6), the relative price of a direct to an indirect transaction is:

P n
pl n-o¢

Rearranging, the bargaining weight is ¢ = n (17 pI / pD ) From Table 3, the indirect
to direct price ratio pI / pD is roughly 0.9 in the data, using our preferred estimate with
supplier-product fixed effects in Column 3. Inserting 1 = 5, the bargaining weight is therefore
¢ =0.5.

The idiosyncratic matching cost € is also assumed log-normal, with mean wj, . = 0 and
standard deviation oy, ¢. Following Bernard et al. (2022), we set the standard deviation to
Ol ¢ — 4.1 Table 5 summarizes the external parameters of the model.

We choose in total 24 empirical moments to estimate Y. The first two moments are the
variance of log intermediate sales across sellers and the variance of log intermediate purchases

across buyers. Intuitively, these moments map to the variance of suppliers’ and downstream

14The normalizations py, , = 0 and Wn ¢ = 0 are innocuous, as a shift in the productivity distribution
would not affect firms’ market shares or network connections.

I5The role of € is to make the objective function smooth in the parameters of the model. With a very low
Oln e, the SMM estimation procedure is not well-behaved using standard gradient-based methods.
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Table 5: External model parameters

Parameter Definition Value Source
I ,
() Intermediary bargaining weight b d=n (1 - #), pI/ pP from Table 3 Column 3
o Elasticity of substitution across final goods 5 Broda and Weinstein (2006)
n Elasticity of substitution across intermediates 5 Assumption: n = o
Oln e Pair matching cost dispersion 4 Bernard et al. (2022)

producers’ productivities z and (. The third moment is the average share of indirect to
total sales across upstream suppliers, S I /S. Intuitively, this moment relates to the indirect
matching cost f I The fourth moment is the variance of S7 /S, calculated for each of the
20 sales bins (i.e., the bins from Figure 2), and then averaged across bins. This moment

informs us about the variance of the direct matching cost f2: If Oy, D = 0, then all firms in

a bin would choose the same mode (direct, indirect or mixed), and as such var (S I/s ) = 0.
Conversely, if o) D is very high, we would expect high dispersion in S7 /S.

The last twenty moments are the shares of indirect and mixed firms for each sales decile
(again, from Figure 2). These moments reflect My 0 relative to indirect costs f I as well as
the correlation coefficient p. With p = 0 or p < 0, we expect high-productivity suppliers to
choose predominantly direct sales. With p > 0, however, we expect some high-productivity
firms to choose indirect sales, as those firms face high direct matching costs f D This is
consistent with the evidence in Figure 2: A high proportion of suppliers in the upper sales
bins are either indirect or mixed suppliers.

Collecting the empirical moments in vector z and the simulated moments in vector z% (Y),
the SMM estimates for Y solve:

arg m\;n (z— 25 (") (z— 2% (7).

5.2. Estimation Results

The results from the SMM estimation procedure are reported in Column 2 of Table 6. Two
take-aways stand out. First, there is a positive correlation between supplier productivity and
direct matching costs (p > 0). In other words, on average highly productive suppliers have
lower capabilities of matching with foreign buyers. This is consistent with the conclusion
in Bernard et al. (2022) for domestic production networks in Belgium. Interestingly, our
identification of p is based on a completely different data context and set of moments, but
we nevertheless arrive at the same qualitative result.

While we do not examine the origins of p > 0, we expect it arises from imperfect or
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incomplete labor markets, either inside the firm or external to the firm. One possibility is
that firms need to hire production and sales managers, but either do not perfectly observe
manager talent, or there are firm-manager match-specific shocks that are revealed only after
hiring the manager. Another possibility is that firm CEOs have limited time resources, and
face span of control issues when supervising both production and sales managers.

Our second take-away is that intermediation indeed lowers matching costs: f I'— (.74,
suggesting that using intermediation reduces matching costs by 26% relative to average direct
matching costs. However, there is also large dispersion in direct matching costs, so that
1~ #P for some firms. According to our estimates, the fixed cost of indirect sales exceeds
the fixed cost of direct sales for 39% of all firms.

Table 6 also reports targeted and untargeted moments. The SMM procedure is able to fit
the first four moments quite well. The simulated share of indirect and mixed firms according
to our estimates are shown in Figure 9a. Comparing these shares to the empirical counterpart

in Figure 2, we observe that the fit is relatively good.

Table 6: SMM model fit

Data Estimated model

(1) (2) Baseline
Estimated parameters:
W, pD 1.48
Oln 2 0.44
O, D 1.49
p 0.32
Oln ¢ 0.48
f! 0.74
Targeted moments:
var (In Sal es) 4.86 4.86
var (In Purchases) 6.01 6.01
mean (indirect sales / total sales) 0.48 0.56
var (SI/S), average across bins .24 .23
Share indirect firms, by sales decile (10 moments) Figure 2a Figure 9
Share mixed firms, by sales decile (10 moments) Figure 2a Figure 9
Non-targeted moments:
Share intermediated trade value .48 .54
Share intermediated trade value, by sales decile Figure 2b Figure 9b
Share sellers using intermediation .52 .59
Share of intermediate trade, top 5% sellers .82 .65
Share of final goods trade, top 5% buyers .67
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Turning to untargeted moments, Figure 9b reports the share of intermediated trade value
to total trade for each sales bin according to the model. This is the model counterpart to
the empirical patterns in Figure 2b. The model matches the data relatively well. Table 6
also reports three additional untargeted moments. On average, the share of intermediated
trade value is slightly over-predicted. Dispersion in suppliers’ sales, as indicated by the share
of intermediate trade by the top 5% suppliers is also somewhat under-predicted. While not
observed in the data, the simulated distribution of final good sales by downstream buyers
seems comparable to that of intermediate sales by upstream suppliers, as reflected in the

market share of the top 5% of final producers.

Figure 9: Estimated model: Trade strategy across the supplier size distribution
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5.3. Two Counterfactuals

We end this section by performing two informative counterfactuals. The first counterfactual
is to shut down intermediation completely, by setting f I' — 50. Table 7 summarizes the
results. With no access to wholesale services, the final goods price index increases by 3.3%,
implying that the welfare gains from intermediation are around 3%. This occurs because many
connections are broken in the absence of intermediation: The total number of buyer-seller
links declines by more than 15%.

Figure 10a reports the change in the input price index C(() and final-goods sales across 20
bins of the final-goods seller productivity distribution ¢. Small, low-productivity final-goods
firms are most affected, with their input prices increasing by as much as 8% and sales

declining by almost 20%. Intuitively, these producers rely heavily on intermediated trade,
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Table 7: Counterfactual I: No intermediation

Baseline Counterfactual

(1) (2)
Change in consumer price index 3.3%
Change in number of firm links -15.3%
Share intermediated trade value .54
Share sellers using intermediation .59 0
Share of intermediate trade, top 5% sellers .65 .66
Share of final goods trade, top 5% buyers .67 .69

which is no longer available. Figure 10b reports changes in suppliers’ sales across 20 bins of
the productivity, 2z, and direct matching cost, f D distributions. Our results indicate that
both low- and high-productivity suppliers are affected by intermediation, possibly because of
the positive estimate for p. In addition, low-matchability sellers see the largest reduction in

sales, as these use intermediation intensively in the baseline scenario.

Figure 10: Counterfactual I (no intermediation): Seller and buyer outcomes
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In our final counterfactual, we explore the role of the correlation between productivity and
matchability, by setting p = 0. Table 8 summarizes our findings. In this case, the consumer
price index decreases by 3.4%, as highly productive suppliers are no longer penalized by
having high direct matching costs on average. Interestingly, the total number of buyer-seller
connections declines by 1.3%. Figure 11 reports the shares of direct, indirect and mixed

suppliers in the counterfactual scenario. The largest suppliers are now almost completely
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absent among indirect firms. The reason is straightforward: Highly productive firms are now
no longer burdened by low matchability, and therefore almost always sell directly to at least
one customer. Nevertheless, we still observe many large mixed suppliers, as intermediation

may still be the most profitable option when selling to small customers.

Table 8: Counterfactual II: Orthogonal seller attributes

Baseline  Counterfactual

(1) (2)
Change in consumer price index -3.4%
Change in number of firm links -1.3%
Share intermediated trade value .54 .34
Share sellers using intermediation .59 .59
Share of intermediate trade, top 5% sellers .65 .69
Share of final goods trade, top 5% buyers .67 .66

Figure 11: Counterfactual II (orthogonal seller attributes): Share of suppliers by trade mode
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6. Conclusion

This paper examines the role of trade intermediaries in buyer-supplier networks and the
implications for international trade and aggregate welfare. Using uniquely rich data for Chile,
we establish novel stylized facts about seller-buyer interactions when suppliers can access

wholesale services. We develop a general-equilibrium model of production networks with

38



suppliers of heterogeneous productivity and relationship capability, buyers of heterogeneous
productivity, and intermediaries that reduce relationship-specific costs in exchange for an
implicit brokerage fee related to their bargaining power. This model with two-sided hetero-
geneity and two sources of supplier heterogeneity can rationalize how exporters optimally
sort into different sales strategies. Intermediaries widen production networks by enabling
more firm-to-firm links, especially for smaller buyers and for productive suppliers with low
matchability. Intermediaries also deepen production networks, as higher buyer connectivity
endogenously increases their input purchases through lower input costs and higher final de-
mand. The presence of specialized intermediaries thus induces welfare gains and heterogeneous
effects across firms.

Our work begins to unpack the nature of search, match and transaction costs that shape
global value chains. This opens promising avenues for future research at the intersection of
production networks and trade intermediation. Micro-foundations for the market power of
wholesalers can provide additional insights on rent sharing, and inform policies aiming at a
more competitive intermediation sector or denser production networks. The role of intermedi-
aries in buyer-supplier links may also have important implications for shock transmission
and the adjustment of firms’ sourcing and sales decisions in response to trade reforms or
macroeconomic movements. Further analysis can illuminate to what extent the market for
intermediation services has responded to meet the needs of manufacturing firms, whether
its market structure warrants policy intervention, and how trade promotion and facilitation

policies implemented in developing countries can be most effective.
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Appendix A. Additional Empirical Results

Table Al: Shipping logistics

M) 2) 3) ()

% Ind Trade % Ind Sellers % Mix Sellers % Dir Sellers
(log) Distance 0.050%** 0.062%** -0.057##%* -0.006
(0.013) (0.012) (0.007) (0.014)
Logistic services -0.059 0.061 -0.153 0.092
(0.263) (0.255) (0.142) (0.260)
Track and trace 0.298 0.143 0.123 -0.266
(0.185) (0.195) (0.089) (0.189)
Ease of arranging shipments 0.273 0.260 -0.040 -0.221
(0.165) (0.160) (0.083) (0.153)
Shipment arrivals (within time) — -0.613*** -0.578%H* 0.164 0.414%*
(0.187) (0.176) (0.124) (0.218)
Trade infrastructure -0.144 -0.208 0.191%* 0.017
(0.148) (0.157) (0.082) (0.149)
(log) GDP per capita -0.008 -0.002 -0.021%* 0.023
(0.023) (0.023) (0.012) (0.024)

HS2 sector FE Yes Yes Yes Yes

N 4,008 4,008 4,008 4,008
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Table A2: Customs procedures

(1) (2) (3) (4)
% Ind Trade % Ind Sellers % Mix Sellers % Dir Sellers

Border compliance: USD (0-1) -0.035 -0.027 0.087 -0.060
(0.119) (0.112) (0.097) (0.130)
Border compliance: hours (0-1) 0.005 -0.054 0.011 0.043
(0.198) (0.190) (0.093) (0.177)
Export documentation: USD (0-1) 0.008 0.073 -0.161 0.088
(0.297) (0.324) (0.223) (0.299)
Export documentation: hours (0-1) -0.117 -0.015 -0.213 0.228
(0.253) (0.261) (0.140) (0.238)
(log) # procedures -0.051 -0.072 0.053 0.019
(0.049) (0.053) (0.036) (0.049)
Customs efficiency -0.005 -0.052 0.072 -0.021
(0.092) (0.096) (0.073) (0.094)
(log) GDP per capita -0.059** -0.063** 0.017 0.046**
(0.025) (0.027) (0.017) (0.023)
HS2 sector FE Yes Yes Yes Yes
N 3,955 3.955 3,955 3.955

Table A3: Formal and informal contracting institutions

(1) (2) (3) (4)
% Ind Trade % Ind Sellers % Mix Sellers % Dir Sellers
Control of corruption 0.016 -0.000 0.022 -0.022
(0.017) (0.019) (0.015) (0.020)
Rule of law -0.000 0.008 -0.026** 0.018*
(0.012) (0.014) (0.012) (0.010)
Common legal origins (=1) 0.023 0.015 0.022 -0.037
(0.027) (0.024) (0.017) (0.024)
Trust in foreigners (%) -0.625%+* -0.617H+* 0.089 0.528%#*
(0.180) (0.203) (0.154) (0.171)
Common religion (%) -0.108*** -0.117#%% 0.047* 0.070**
(0.040) (0.040) (0.028) (0.034)
Language proximity (tree index) 0.032 0.043 -0.045 0.002
(0.039) (0.046) (0.042) (0.033)
(log) GDP per capita -0.042 -0.045 0.026 0.019
(0.030) (0.033) (0.024) (0.033)
HS2 sector FE Yes Yes Yes Yes
N 3,104 3,104 3,104 3,104
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Figure Al: Degree assortativity in direct transactions
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Appendix B. Proofs

B.1. Proposition 1
Part (a)

Consider a supplier A = (z, f D ) in market i selling to downstream producer { in mar-

ket j. According to Equation (7), firm-to-firm sales conditional on a direct match are
I
(7\ ¢) = plm (T”(;))l> C; (O 11X, (0), where p = 1% Differentiating with respect

. 0z (AL - _ - -
to seller productivity we obtain % =M 1)l mz(A)n2 (Tij wi)l N C; (QN 1Xj (0),

which is positive since 1 > 1 by assumption and all other terms are positive by defini-
tion. Under an indirect match, Equation (8) states that firm-to-firm sales are proportional
to direct sales, a: (7\ () = <ﬂ) :vg (A, £), and considering that ¢ € [0, 1] we have that

n
I (A, - A
5; E)\)C) = <nn¢) 5; E)\)C) is also positive. Finally, note that neither z; (7\ ) or a: (7\ )

depend on seller matchability f

Part (b)

Considering again Equation (7) for firm-to-firm sales under direct trade. Differentiating with

respect to buyer productivity ¢ we obtain axf]?a(CNC) =l (T;J(}i‘)“)l a aac ( Cj (O 1X (C))
where total input purchases can be expressed as X; (¢) = ¢(0)q(¢) = ¢ 1 Cj Q) Gp,PJQ 1[3E]-
after replacing downstream demand (1) and the marginal cost (2). We then have that
0z, L0 = [(G ~1)¢° 2 Ci (O + (-~ 0)¢o 1 Cj (ot %C(C)] Kj where the last element

[iJe
o T — 17T1 Tijwi
s Kj = i (S
final and intermediate goods (o = 1), this expression is always positive since o > 1 and the

1 ~ ~
) ﬁchf’l BE; > 0. For the case where elasticities are identical across

second term cancels out, such that firm-to-firm sales increase with buyer productivity. The
demonstration is analogous for the case of indirect trade using equation (8). For the case
where o > 1, a sufficient condition is that the buyer’s input cost index C(() is decreasing in

buyer productivity ¢, which ultimately depends on seller’s endogenous matching decisions.

Part (c)

Conditional on a match (A, ¢),the fact that firm-to-firm sales are lower under indirect mode
is evident from Equation (8), where x (A0 = (ﬂ> D(?\ (),m>1and ¢ €|0,1]. The

fact that sales are cheaper follows from Equation (6), where p” A, Q) =02 (b pg (A, Q).
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B.2. Proposition 2
Part (a)

From Equation (9) we have that direct proﬁts from upstream supplier A = (z, f D ) in market 4

selling in market j are 71 (7\ Q) = - P (A) for each potential buyer with productivity
(. As shown in Proposrtron L, z; (?\ C) is continuous and monotonically increasing in ¢. Also
note that z; (7\ ¢) = 0 when C = 0, such that 7t (7\ () < 0. Thus, there exists a unique

D
threshold (7 ] (A) where the direct profits curve of suppher A equals zero andrr (A, Q) >0
for ¢ > ¢fJ (A).

Part (b)

From Equation (10) we can have that indirect proﬁts of upstream supplier A = (z, fP) in
market i selling in market j are 7T (7\ () = (ﬂ d)) G ~ f1. Sincen > 1 and ¢ € [0,1],

the analysis is analogous to that of part (a) for d1rect profits: z; (7\ () is continuous and
monotonically increasing in (, so there exists a unique threshold CZI j (A) where the indirect

I
profits curve of supplier A equals zero andn (A, ¢) >0 for ¢ > ¢ i (A).

Part (c)
Combining equations (9) and (10), we can define the curve 7; (7\ () = 7t (7\ ()—m (7\ () =

<%) @ — <fD(7\) —f ) Where €10,1] sincen > 1 and ¢ € [0, 1]. If direct matching
costs are higher than contracting w1th intermediaries ( f D(x AN - f I 0), then the analysis is
analogous to that of parts (a) and (b): 7 D (X, Q) is continuous and monotomcally 1ncreas1ng in
(, so there exists a unique threshold CD I( A) where 7t} (?\ ¢) = 0 and 7'[ (7\ () = 7': (7\ Q),
such thatﬂ (A, ) >0 and 71? (7\ C) > 71 (7\ () for C > CD T(A). For supphers Wlth high
matchablhty (fP(\) - f1 < 0) then 7t} (7\ ¢) > 0 and 7t (?\ ¢) > ml; (A, ¢) for any ¢ > 0.

B.3. Proposition 3
Part (a)

From Proposition 2a we know that 7[ (A, Q) <0 for ¢ < CD (A), such that all potential
direct matches in market 5 are unproﬁtable for seller A when the highest-productivity buyer
is Zj < Cg( ). Analogously, from Proposition 2b, 7T (A, Q) <0 for C < CI (A), and all
potential indirect matches are unprofitable for C] < C{ J (A). Thus, no-trade is the optimal
strategy for seller A.
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Part (b)

Since Czl.? A) < Zj , there exists a set of potential buyers [mazx (C_] , Cg (7\)),?] in market j
that generates positive profits for seller A under direct trade. If Cg (A) < CZI. j (A) then it must
be the case that Cf?:[(?\) < {CZ (A), C{j (7\)}, because fP(A) < fI and both direct and
indirect profit curves are monotonically increasing in buyer productivity (Propositions 2a and
2b), so direct profits can only reach zero from below before indirect profits if these curves
already crossed each other. This implies that 7(5 (A, Q) > 7'[2Z i (A, €) for all potential buyers
that generate positive profits for seller A, since direct and indirect profits cross only once
(Proposition 2¢). The optimal trade strategy is then to sell only directly to all potential
buyers Ce[max(C_j, C@ A). G1.

Part (c)

Considering CZ[ i (A) < Cj, there exists a set of potential buyers [maz (C_j : CZI j (A)), ¢j] in market
J that generates positive profits for seller A under indirect trade. Analogous to part (b),
the fact that f D A) < f I and that both profits curves are monotonically increasing implies
that, if ¢/; (A) < ¢ (), then it must be the case that ¢0=1(A) > {55 a2 (?\)} (ie.,
if indirect profits reach zero from below before direct profits, then these curves must cross
each other afterwards both curves generate positive profits). This implies that 7121. j (A, Q) >0
and ﬂZ[j (A, Q) > 715 (A, €) for buyers with productivity [C{j (A), CZZ_I (A)], while n{j (A, Q) <
7(5 (A, ¢) for buyers above Cf;:IO\). In the case where ngl(k) > (j, there is no buyer in
market 7 with a productivity large enough to induce seller A to prefer direct over indirect
trade. The optimal trade strategy is then to sell only indirectly to all potential buyers
Celmas(&;., T (). )

Part (d)

Starting from part (c), we now consider the case where C{j (A) < Zj and CZL;:I(?\) < Zj-
Analogously, this implies that ¢J~"(A) > {Cf} (), ¢ (?\)} and 713 (A, €) > 0 and 7/, (A, C) >
7t£- (A, ¢) for buyers with productivity [ij (A), 55:1(7\)], while 7121]- (A, Q) < 715- (A, Q) for
buyers above ngf (A). As long as CZ-[}:I (A) > ¢; , the optimal trade strategy for seller A is
to mix trade modes, selling indirectly to buyers Ce[maz((;, C{j (A), ngl(}\)] and directly
to buyers C€[C5:I(7\),Z]‘ |. Note that the case where CZ-DJ.:I(A) <G is analggous to part (b),
and seller A would sell directly to all potential buyers in market 75, Ce[Cj N |-
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B.4. Proposition 4
Part (a)

From equation (9) and (10), we know that upstream supplier A — (z, fP) in market i
D\
selling in market j obtains direct profits 715 (A, Q) = M — fP(A) and indirect profits

DA
T[Z[j (A, Q) = <ﬂ:1_¢> M — f! when transacting with a buyer with productivity {. An

increase in seller productivity z increases firm-to-firm sales under both trade modes as shown
oz ; (A,0) _ (nd oz} (A, 0)
0z(N) n 0z(N)
and ¢ € |0, 1], such there is a greater increase in direct profits. Thus, given a matchability

in Proposition la, and we have that where (n]}—d)) < 1sincen > 1

level f D more productive sellers are more likely to trade directly. On the other hand, given a
productivity level z, a higher matchability level (i.e., lower f D ) increase direct profits 7'[5 (A, Q)
without affecting indirect profits 71{ j (A, €), such that sellers are more likely to trade directly.

Part (b)

The fact that mixed suppliers serve buyers above (below) a productivity threshold directly
(indirectly) follows directly from Proposition 3d.
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Appendix C. Alternative Pricing Schemes

Consider the following prices in each potential firm-to-firm transaction: (i) supplier A charges
pp (A, {) to buyer C under direct trade, supplier A charges pl (A, {) to the wholesaler under
indirect trade, and (iii) the wholesaler charges PWO\, () to buyer (. Below we explore
alternative pricing schemes for intermediaries, relative to the one presented in Section 3: Nash
bargaining over the trade surplus (or variable profits) from the firm-to-firm transaction, with
bargaining weights ¢ and 1 - ¢, respectively.

C.1. Brokerage fee on variable profits

Consider that the intermediary takes a share y € (0,1) of supplier variable profits. The
demand faced by supplier A when selling indirectly to buyer ¢ is ¢! (A, Q) = (p W(?\, C))an,
and in the absence of double marginalization p"V (A, ¢) = p!(A, Q)

ma;xﬂlz(lfy)<p1*0> qI*fI

p —(1Y)(<p1>1nBc<p1>nB)ff

FOC : (1-m) (p[>n+nc<pl>nl —0 = pl= (%) c

Note that firm-to-firm sales are independent of the trade mode: 2 (A, ) = p! (A, Q¢! (A, Q) =
2P (A, ). The supplier charges the same price p! (A, ¢) = pP (A, ), while ¢/ (A, Q) = ¢P (A, Q)
because the buyer perceives the same price p W(?\, Q) = pP (A, Q)

C.2. Brokerage fee on sales

Consider that the intermediary takes a share y € (0, 1) of the supplier sales. As before, buyer
demand is ¢I(A, Q) = ( pl (A, C))an when the supplier sells indirectly because p"W (A, ) =

pI (A, ¢) without double marginalization. The supplier’s optimal indirect prices are then:

mE}XﬂI =(1-v)plg el - 1

p
=(1-v) (pf)lnBC(pl>anI

Foc: (1-v)a-m () "ene () " =0 :pf( 1 )( 0 )

) i
Indirect firm-to-firm sales are z/(A, Q) = (1-v)" 2P, ¢) = 2\, Q) < 2P (A, Q).
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The supplier receives pI(A, Q) > pD(7\, (), while qI(7\, () < qD(7\, () because the buyer
perceives p W(?\, C) > pP (A, €), and the reduction in buyer demand dominates. The intuition
for this result is that the suppliers has a lower marginal revenue, similar to monopolist facing

a less elastic demand.

C.3. Double marginalization

In thie case, the intermediary charges a markup uW > 1 over the supplier price. The demand
faced by supplier A when selling indirectly is now ¢! (A, Q) = (},LW pl (A, C))an , because
the price perceived by the buyer is p W(?\, () = uW oyl (A, £). The supplier’s optimal indirect

prices are then:
max 7! — p‘rq[f cqu fI
I
p
- I -
S(W) () B (w) Ta

FOC : (1-m) (p1>n+nc<p]>n1 =0 = pI: (%) c

Indirect firm-to-firm sales are 2/ (A, {) = (HWW P00 = 2I(A Q) < 2P\, Q). The
supplier charges same price for indirect and direct transactions p! (A, Q) = P (A, Q), but
qIO\, () < q? (A, £) because the buyer perceives a higher price pW(?\, () > pD(7\, Q).

C.4. Implications for Prices and Sales

The following table summarizes the implications for prices and sales under each pricing

scheme, including the case with Nash bargaining considered in the model.

pD I v Pricing Sales
Fee on variable profits (ﬂnj) c (1%) c (%) c pP = pl = pW ol =P
Fee on sales (nnfl) c (ﬁ) (nnfl) c (ﬁ) %) c pI > pD7 pW > pD gl < 2P
Double marginalization (nnfl) c (%) c uW (nnfl) c pI = pD, pW > pD gl < 2P
Nash bargaining (Tlnfl) c (%) c (%) c pI < pD, pW = pD gl < 2P
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Appendix D. Role of Model Assumptions

We simulate a simplified version of the model to inform the role played by different assumptions
in matching the sorting of sellers into different trade modes. For this exercise, we assume that
the productivity and matchability of upstream suppliers A = (z, f D ) are distributed joint
log-normal with expectations p;,, , = 0 and My gD = 1, standard deviations sd;,, , = 0.25
and Sdln = 1, and a correlation coefficient of p = —0.2. We likewise assume that the
productivity of downstream producers is log-normally distributed with parameters w;,, ; =0
and sdj, ¢ = 0.25. As standard in the trade literature, we set the elasticity of substitution
for final goods to 0 = 5, and we also use this value for the elasticity of substitution across
intermediate inputs, 1. Lastly, we let the fixed cost of trading indirectly f! be 10% lower
than the average relationship-specific cost f D for direct transactions.

Figure A2 illustrates how the model is able to accommodate the sorting of exporters
into different sales strategies. Panel A demonstrates that the model can reproduce Fact 1
under the assumed weakly negative correlation between seller productivity and matchability:
Exporters across the size distribution use trade intermediation, with larger suppliers being
less likely to trade only directly, more likely to mix trade modes, and similarly likely to
trade indirectly. By contrast, Panel D indicates that the share of purely direct (indirect)
suppliers would counterfactually increase (decrease) with supplier size if supplier efficiency
and relationship capability were uncorrelated (or positively correlated). Panels B and C in
turn show that alternative frameworks with no buyer heterogeneity or with one-dimensional
seller heterogeneity cannot replicate Fact 1. Without productivity differences across buyers,
there is no incentive for exporters to mix sales modes, and they sort monotonically into
purely indirect or purely direct trade according to size. When suppliers instead differ only in
productivity but not in matchability, they sort monotonically into purely indirect or mixed

trade, with no purely direct sellers.
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Figure A2: Direct and indirect sellers
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