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Abstract
Firms operate in complex supplier-customer networks that potentially range over long distances.
However, the effects of supplier networks and supplier location on firm performance are largely
unknown. This paper characterizes the domestic production network in Japan using detailed
buyer-supplier data on over 950,000 firms. Beyond describing the characteristics of the Japanese
production network, the paper examines the geographic features of the network links. Greater
geographic distance plays an important role in reducing the probability of buyer-seller relations
between pairs of firms. For a given firm, greater distance is associated with better performance
measures of suppliers and customers. Geography, the density, and the quality of network connections
are strongly correlated with downstream (customer) firm performance. Labor productivity, credit
score, and size of a downstream firm are positively correlated with features of its upstream supply
base including the number of suppliers and their average performance. In addition, geographic
proximity of a firm's suppliers is associated with improved firm performance. The paper also
provides the first evidence on the relationship between supplier network connections and
downstream firm outcomes. Firm performance is better when its suppliers have more suppliers of
their own. However, firm performance is lower when its suppliers are connected to more

downstream customers.
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1 Introduction

In spite of the widespread perception that firms’ success in part depends on their connections with
suppliers and customers, relatively little work has been done on the structure, performance and
importance of production networks. Even less is known about how geography (and trade costs)
affect links in production networks. In this paper we use a comprehensive, unique data set on the
production network in Japan. For the (large) majority of (big) firms in Japan, we can determine
their location, suppliers, customers, owners and measures of performance. Our goal is to provide a
new set of facts that can inform and discipline theory on the importance of geography and networks
in firm outcomes.

While there has been an explosion of research on social and economic networks, their formation,
and their effects on performance, to date little of that work has considered the supplier-customer
relations between firms. In addition, existing studies are often limited to a particular industry or
geography within a country. Our data provide supplier, customer and owner links between firms
for over 950,000 firms in Japan for 2005. This set of firms accounts for the large majority of
private sector economic activity in the country. The fundamental question motivating the research
is whether firm performance is related to the characteristics of the supply network.

To address this question we must first understand what makes one network of suppliers better
than another and how supplier networks interact with firm characteristics and location. While the
data is extremely rich in terms of its coverage of firm connections, it does not allow us to see the
value of sales between firms nor can we observe the evolution of the network over time.

We start by characterizing the features of the production network. As with many social and
economic networks, the Japanese production network has feature of a “small worlds” network with
short average path lengths between nodes and most firms belonging to the same component. The
distribution of buyers per supplier and the number of suppliers per customer are well characterized
by a Pareto, scale-free distribution except for relatively small deviations in the extreme tails of the
distribution. The production network displays negative assortivity, the trading partners of well-
connected firms on average are less-well connected. This feature of big firms matching more often
on average with smaller firms also is found in exporter-importer networks in international trade.

We pay particular attention to the geography of the domestic production network. Physical
proximity plays an important role in the matching of suppliers and customers. Firms are more
likely to form connections if they are in the same prefecture, on the same island and are close in
terms of distance. Firm performance and distance are linked in many dimensions. Better firms
have suppliers and customers that on average are farther away; the better the firm the greater the
value it brings to a supplier or customer relationship and the more likely it is to cover the costs of

transacting at a distance. This relationship between distance and firm quality also is present within
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firms. For a given downstream (upstream) firm, the quality of its suppliers (customers) is increasing
in distance.

The characteristics of supplier networks themselves are correlated with firm outcomes. High
performing firms have more suppliers and higher average quality of those suppliers. Controlling for
the number and quality of suppliers, downstream firm performance is negatively correlated with
average distance to suppliers. The position of a firm’s suppliers in the overall network is also
correlated with firm outcomes. Performance of a downstream firm is higher when its upstream
suppliers have more suppliers of their own after controlling for the number of direct suppliers, their
average quality and their geographic proximity. In contrast, firm outcomes are worse if suppliers are
well-connected with other downstream firms. If a firm’s suppliers also sell to many other customers
then sales, labor productivity, credit scores and sales growth are lower.

Our work is related to a number of papers that examine characteristics of the Japanese produc-
tion network. Saito et al.| (2007) show the strong correlation between firm size and the number of
suppliers and customers while |Ohnishi et al.|(2010]) establish patterns of relationships in the network
(motifs) showing that triads of firms are rarely configured in feedback or feedforward configurations
but instead show V-shaped relationships. Saito (2013) shows that distant firms are often connected
indirectly through a few hub firms, a feature of the production network that combines our findings
of negative assortivity and the relationship between firm size and the distance to partners. [Carvalho
et al. (2014) examine the effects of the Great East Japan earthquake to other firms through the
supply chain network. They find the sales growth of linked upstream and especially downstream
firms outside the affected areas is negatively affected. Their findings complement our results that
the performance characteristics of upstreams firms are positively related to productivity and sales
of downstream firms.

We look at a cross-section of the Japanese network and the relationship between the number of
suppliers and customers, physical geography and firm productivity and performance. Firms make
choices about which suppliers to use that are influenced by firm characteristics of both the customer
and supplier as well as locational characteristics such as distance. We find that geography plays
an important role in the buyer-supplier links as do the size and age of both the customer and the
supplier. In addition we then find that downstream firm performance is influenced by the supply
network characteristics of the upstream firms. To understand these complicated relationships we
look at both the probability of links as well as the correlations between supplier characteristics and

customer performance.

2 Data

The data employed in this paper are assembled by Tokyo Shoko Research, LTD. (TSR). TSR is

a credit reporting agency and firms provide information to TSR in the course of obtaining credit
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reports on potential suppliers and customers or when attempting to qualify as a supplier. The
resulting database for 2005 contains information on more than 950,000 firms, represents more than
half of all the firms in Japan and covers all sectors of the economy.

Each firm provides rank-ordered lists of the most important suppliers (up to 24), customers
(up to 24), and shareholding firms (up to 24)E| TSR also collects information on employment, the
number of establishments, the number of factories, up to three (4-digit) industries, three years of
sales and profits and a physical address. In addition, the database records TSR’s credit score for
the firm.

Using an address matching service provided by the Center for Spatial Information Science at
the University of Tokyo, we are able to match a firm’s address to longitude and latitude dataﬂ
The top 3 prefectures by counts of firms are Tokyo, Osaka and Aichi (Nagoya) while the top three
2-digit industries are General Construction Work, Specialist Construction Work and Equipment

Installation. We use the geo-coded data to create a measure of great circle distance between ﬁrmsﬂ

2.1 Supplier and Customer Connections

The TSR data has both advantages and disadvantages relative to other production network data sets.
Among the advantages is the inclusion of firms of all sizes and industries including both publicly
listed and unlisted firms. In addition, the TSR firms self-report their most important suppliers
and customers; there is no cutoff in terms of sales or purchasesﬁ However, the 24-firm limit for
suppliers, customers and owners potentially causes a truncation in the number of relationships in
the self-reported data relative to the actual number of such connections.

To mitigate this issue, we combine both self-reported and other-reported information for each
firm in the data and use the union of own-reported and other-reported information. For firms A and
B, we consider A to be a supplier of B if both firms are in the TSR data and either (i) A reports B
as customer or (ii) B reports A as supplier. On average, two-way reporting is relatively rare, only
5.3% of A’s own-reported customers also report A as a supplier. Importantly, some firms that are
suppliers and customers are outside the TSR set of firms (NTSR), i.e. they are indeed domestic
Japanese firms but are not customers or clients of TSR.

In Figure |1| we show possible suppliers and customers for a firm (Firm A) in the TSR database.
Firm A’s reports that it has two customers, TSR4 and NTSR2, and two suppliers, TSR1 and

!The firms also report up to three banks with information on specific bank branches although we do not use the
bank information in this paper.

2 As each firm only reports one address, the geographic information for multi-establishment firms is likely to reflect
the location of the headquarters.

3We recognize that actual distance required to travel between two points may be poorly approximated by great
circle distances from geographic coordinates due to the distinct topography of Japan. Developing a more precise set
of distance measures is a topic for future work.

4In their analysis of US production networks, |Atalay et al.| (2011) use Compustat data on publicly listed firms
and their major customers are defined as firms that purchase more than 10 percent of the seller’s revenue.
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Figure 1: Supplier and Customer Connections: An Example
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NTSR1. Other firms also report connections to Firm A: TSR2 reports Firm A as a customer while
TSR3 reports Firm A as a supplier. In determining Firm A’s in-degree, the number of suppliers, and
its out-degree, the number of customers, we ignore the NTSR links and include both own-reported
and other-reported connections. Thus, Firm A has an in-degree of 2 (TSR1 and TSR2) and an
out-degree of 2 (TSR3 and TSR4).

Many firms report either no suppliers and/or no customers among the TSR firms. This does
not mean they recorded no suppliers or customers on their forms but instead all their reported
connections are outside the TSR set of firms. A report of no TSR suppliers or no TSR customers
might occur for several reasons. A firm might appear to have no TSR customers because all the
domestic firms that are customers are outside the TSR database, all its customers are foreign firms
or all its customers are non-firms, e.g. the public or government. A firm might appear to have no
TSR suppliers because all the domestic firms that are suppliers are outside the TSR database or
all its suppliers are foreignEl We choose to work only with the set of TSR firms with a positive
in-degree or positive out-degree (links to other TSR firms) and find no evidence of systematic bias
in the sample of firms with positive TSR degree. Using NTSR+TSR data, the distribution of firms
with TSR degree equal zero is virtually identical to the overall sample of firms, i.e. the mean and

variance of NTSR+TSR out-degree and in-degree distributions are the same.

5Tt seems implausible to imagine that an operating firm has no actual domestic suppliers. This is supported by
the fact that more TSR firms report no customers than report no suppliers.
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3 The Domestic Production Network

In this section we begin to explore the domestic production network in J apanE] There are 961,318
firms (nodes) in the TSR production network with 3,783,711 supplier-customer connections (directed
edges). Of those nodes, 771,107 (676,320) nodes have positive in-degree (out-degree) among TSR
firms. For firms with positive in-degree, the mean number of suppliers is 4.9 and the median is 2.

For firms with positive out-degree, the mean number of customers is 5.6 and the median is one.

Figure 2: In-degree and Out-degree CDFs
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The cdfs of the in-degree and out-degree distributions are given in Figure[2] The distributions are
well-approximated by a Pareto (power law) distribution. The estimated Pareto shape parameter
is -1.32 for the in-degree distribution and -1.50 for the out-degree distribution. Deviations from
the Pareto are found in the extreme tails of the distribution. Firms with very large numbers of
connections are somewhat under-represented while firms with small numbers of connections appear
in greater numbers. These deviations from a power law distribution are comparable to those found in
exporter-importer degree distributions by |Bernard et al. (2013)) but are much smaller in magnitude
compared to those found by Atalay et al.| (2011) for supplier-customer connections derived from
data on large US firms and their large customers.

In other respects the domestic production network in Japan has many characteristics common

5Some of these network characteristics are also presented in [Saito et al.| (2007) and [Ohnishi et al. (2010).
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to a variety of socio-economic networks. It is characterized by features of a “small world” network
as the mean, median and maximum path length are relatively short, 4.7, 4, and 17 respectively.
99 percent of the nodes are connected to each other in that they belong the same component.
Clustering coefficients of the undirected network are quite small, total clustering is 0.002 while
average clustering is 0.064. This means that if firms a and b are connected to firm ¢, either as

suppliers or customers, firms a and b are not likely to be connected themselves.

3.1 Assortivity

Figure 3: Assortivity - Outdegree
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Note: 2005 data. The figure shows all possible values of the number of customers per Japanese firm,
aj, on the x-axis, and the average number of customers of these buyers, b; (a;), on the y-axis. Axes

scales are in logs. Both variables are demeaned, i.e. we show In (bj (aj) /b; (aj)), where b; (a;) is

the average number of connections among all buyers. The fitted regression line and 95% confidence
intervals are denoted by the solid line and gray area. The slope coefficient is -0.38 (s.e. 0.01).

One distinguishing feature of networks is the extent to which a well-connected node is linked to
other well-connected nodes, known as assortivity. While there is an extensive body of research on
assortivity in technical and social networks, these relationships are less well documented in economics
networks. We characterize sellers according to their number of buyers, and buyers according to their

number of sellers. We find that the better connected a seller, the less well-connected is its average
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buyer. Figure [3] provides an overview of out-degree assortivity in the Japanese production network.
The figure shows all possible values of the number of customers per Japanese firm, a;, on the x-axis,
and the average number of (customer) connections of these buyers, b; (a;), on the y-axis. Both
variables are in logs and demeanedm The interpretation of a point with the coordinates (0.2,-0.2)
is a Japanese firm that has 20 percent more customers than average sells to firms with 20 percent
fewer customers than average. The fitted regression line has a slope of -0.38, so a 10 percent increase
in number of customers is associated with a 3.8 percent decline in average connections among the
customers.

This results suggests that the best firms, those with the most customers, are selling to firms who
on average have fewer customers themselves. Interestingly, social networks typically feature positive
assortative matching, that is, highly connected nodes tend to attach to other highly connected nodes,
while negative correlations are usually found in technical networks such as servers on the Internet
(Jackson and Rogers| 2007)E| In recent papers, Bernard et al.| (2013)) and |Lu et al.| (2013) also find
negative assortivity between trading firms using Norwegian and Colombian importer-exporter trade
data.

One concern is that the finding of negative assortivity may be influenced by the location of
the firm. To check this we control for the location of both the firm and its connections by asking
whether firms in Tokyo (i) with many connections in Osaka (j) trading with less well-connected

firms in Osaka. We include fixed effects for both the location of firm as well as its suppliers,
Outdegree;; = Oézl + a? + BOutdegree;; + €;; B =—-0.096 s.e.(0.002)

Again we find negative assortivity, firms with more customers in a destination market are selling
to firms with fewer customers. Controlling for destination countries, |Bernard et al.| (2013) estimate
a comparable coefficient of 0.13 when considering the Norwegian exporter data. Our findings of
negative assortivity is not limited to measures of out-degree. We find similar relationships when

using measures of in-degree or an undirected measure of the total number of connections.

3.2 Ownership

The TSR data is unique is that it not only indicates the directed links in the production network in
Japan but it also includes information on the cross-ownership of the firms. There are over 165,000
ownership links involving 13.8% of the TSR firms. Across all firms, the mean (median) number of
owners is 0.16 (0) but the average number of owners for firms with positive ownership links is 1.46.

2.3% of the supplier-customer connections involve an ownership link. If ownership were assigned

"This Figure shows Inb; (a;) — Inb; (a;), where Inb; (a;) is the average number of connections among all buyers.

81n the friendship network among prison inmates considered by|Jackson and Rogers| (2007)), the correlation between
a node’s in-degree and the average in-degree of its neighbors is 0.58. The correlation in our data is -0.31. |Serrano and
Boguna| (2003) find evidence of negative sorting in the network of trading countries; i.e. highly connected countries,
in terms of trading partners, tend to attach to less connected countries.
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randomly to firm pairs, the expected number of supplier-customer pairs with ownership links would
be 0.0005 percent. Reversing the perspective, 48.8% of the ownership links also involve a direct

supplier-customer link, with the supplier or the customer equally likely to be the owner.

4 Geography of the Production Network

In this section, we explore the role of geography in the production network. It is well known
that distance plays an important role in moderating trade flows across and within countries. We
provide evidence on the role of distance in determining buyer-supplier connections. Distance and
firm characteristics interact both in the formation of the production network and in the effects of the
network on firm outcomes. We document that connections are typically formed with local suppliers
and customers. Next, we show that only higher performance firms tend to form connections to
geographically more remote suppliers and customers. These findings suggest that firms benefit the
most from geographically local production networks, and that only the most productive firms have

the capability to generate positive profits from a geographically dispersed supply chainﬂ

4.1 Local Versus Remote Connections

In this section we explore the relationship between firm characteristics, distance and network con-
nections. Distance is important both in the formation of links and in the effects of connections on
firm performance. We start by calculating the distance between any supplier-customer pair ¢5. The
median (mean) distance is 30 (172) km. Hence, the majority of connections is formed locally. Even
so, a few connections span very long distances, so that the average distance is much greater than
the median. Next, we explore how connection distance varies with firm performance. Figure [4| plots
the fitted values from a kernel-weighted local polynomial regression of a firm’s median distance to
its customers on its log in-degree (both in logs). Better connected firms tend to have more remote
connections; the median distance to customers is around 20 km (e?) for firms with only one supplier,
while the median distance is around 100 km for firms with more than 100 suppliers (e*9). Figure
instead plots median distance to suppliers on the vertical axis against out-degree on the horizontal
axis. This relationship is also increasing; firms with more customers tend to have more remote

supplier connections.

?Our findings are also consistent with the predictions of Bernard, Moxnes and Ulltveit-Moe (2013).
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Figure 4: In-degree and Average Distance.
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Note: The figure shows the kernel-weighted local polynomial regression of the
firm-level log median distance to customers (vertical axis) on the log in-degree
(horizontal axis). The gray area denotes the 95 percent confidence bands. The
linear regression slope is 0.30.

Figure 5: Out-degree and Average Distance.
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Note: The figure shows the kernel-weighted local polynomial regression of the
firm-level log median distance to suppliers (vertical axis) on the log out-degree
(horizontal axis). The gray area denotes the 95 percent confidence bands. The
linear regression slope is 0.34.



Production Networks, Geography and Firm Performance

4.2 Connection Quality and Distance

The previous section looked across firms and found that high performance firms tend to form more
remote connections. That result is consistent with model of trade where only the highest quality
firms can form profitable matches that overcome higher transaction/trade costs. Here we look for
comparable effects within firms. Transaction or matching costs that increase with distance will
imply that more distant suppliers of a given customer will be of higher average quality than more
proximate suppliers. In other words it is only worth matching with the best quality suppliers when
transaction/trade costs are high. The same logic implies that suppliers will only match with the
best customers at long distances. We estimate within-firm regressions of supplier and customer

quality on distance of the form,

qsp) = ap + B1In Distance,py + v Xsp) + €5(3), (1)

where b is buyer, s (b) is a supplier of b, ds(v) 1s @ measure of supplier s performance, a, is a buyer
fixed effect, X () is a vector of controls and €3 is an error term. Supplier performance g,(p) is either
in-degree, out-degree, employment or sales per worker. The controls, X,), include dummies for
whether b and s are in the same four-digit industry, on the same island, or in same prefecture. We
also include supplier-prefecture fixed effects. Hence, we compare two suppliers of firm b in the same
industry and prefecture and ask whether the long distance supplier has better firm performance
qs(v) than the short distance supplier.

Next, we look at the symmetric specification for customers of a given supplier,
dp(s) = Qs + G1n Distanceb(s) + ’YXb(s) + €p(s)- (2)

Here we instead condition on a seller s, and ask whether her long distance customers have higher
firm performance than her her short distance customers.

The results are shown in Table The upper panel reports the variation in the performance
of suppliers for a given buyer, i.e. including buyer fixed effects, while the lower panel examines
within-supplier variation in customer performance, i.e. including seller fixed effects. For every
firm performance measure (in-degree, out-degree, employment and sales per worker), long distance
suppliers and customers have better firm performance characteristics. The results confirm that
distance and the quality of network connections, both upstream and downstream, are systematically
related.

Robustness. A potential concern is that that distance between supplier and customer is not al-
ways well defined for multi-plant ﬁrmsm We therefore remove all multi-plant firms from the sample,

and re-estimate the two regressionsﬂ Another concern is that the role of distance may vary across

10The geolocation is based on the firm’s headquarters.
1 Removing multi-plant firms reduces the sample by 82 percent.

10
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sectors. We therefore re-estimate the two regressions for four different data subsets: manufacturing
(seller) - manufacturing (buyer), non-manufacturing (seller) - manufacturing (buyer), manufacturing
(seller) - non-manufacturing (buyer) and non-manufacturing (seller) - non-manufacturing (buyer).

All of these robustness checks produces very similar results compared to the baseline caseE

5 Probability of Links

A key issue in the study of social and economic networks is how links form and how the network
evolves over time. Much of the literature on network formation considers link formation through
preferential and random attachmentﬁ Often researchers have only a single cross section of the net-
work at a point in time and estimate the relative contributions from the degree distribution function.
Our focus is somewhat different as we are interested in how firm characteristics and geography are
correlated with the existence of supplier-buyer links and firm performance in the Japanese produc-
tion network. Link formation and network effects on firm performance are necessarily intertwined.

We would like to estimate the relationship between firm characteristics, geography and the
existence of a link. However, there is a problem due to the size of the network and the extremely
large number of possible links. With n = 770, 000 firms, there are (n2 — n) /2 & 296 billion potential
connections in an undirected network. We employ a solution suggested by [Kleinbaum| (2012) and
include all firm 45 pairs with links and an equal sized random sample of pairs with no link.|E| We
then estimate a linear probability model where the dependent variable Connect;; = 1 if firm 4
supplies firm j and is zero otherwise. The observations without links are weighted by the inverse
of the sampling probability. In the data, the weight is 1 for connected pairs and ~100,000 for
non-connected pairs. We estimate the specification once including supplier fixed effects and once

including buyer fixed effects,

Connectij = 6; + 1. X; + B3 X5 + €5 (3)

C’onnectij = 5]' + B X; + 53X¢j + €55. (4)

We include a measure of the size of the partner firm (log employment) as well as the interactions
of the size of the two firms. The geographic variables include the log of the great circle distance
between ¢ and j, a dummy if the firms are on the same island, and a dummy if they are in the

same prefecture. Additionally we include a dummy variable if both ¢ and j are in the same 4-digit

12Detailed results available upon request.

13Preferential attachment refers to the probability that a node is more likely to form a link with another node that
is highly connected. Under random attachment, link formation does not depend on the degree of the node.

1See also [King and Zeng (2001) and Tmbens| (1992).

11
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industryE In some specifications, we add log age of the potential partner and an interaction with
own-firm age. Finally we examine the effects of cross-ownership by including the interaction between
size in firm 7 and j and dummies for cross-ownership, one variable if ¢ owns j and another if j owns
i.

The findings are presented in Table 2] In the top panel, we include specifications with supplier
(firm ) fixed effects and in the bottom panel we include customer (firm j) fixed effects. Potential
partner size is positive and significant throughout. Supplier-buyer relationships are more frequent
when the potential partner is larger. However, using only within-firm variation, we see that the
effect of partner size is less important when the firm is large, e.g. the probability of selling to a
large customer is decreasing in the size of the supplier. This finding mirrors the negative assortivity
found in section 3.1} large firms connect on average with smaller partners. A similar pattern holds
looking across suppliers controlling for customer fixed effects.

Potential partner age shows a similar pattern to partner size. The probability of a link is
increasing in the age of the potential partner but that effect is reduced when the supplier itself
is older. Geography is strongly correlated with the existence of buyer-supplier connections. The
probability of a link falls with the distance between the firms. Even after controlling for distance,
firms on the same island and in the same prefecture are more likely to be connected. We explore
the implications of distance on the production network in more depth later.

The relationship between ownership and the probability of a supplier-customer link is more
complex. Unconditionally, firms with ownership links are very likely to be connected. However this
effect is driven by firm size. In the top panel, looking across potential buyers within a supplier, we
find that the probability of a link is significantly higher if the supplier owns the customer. However,
the probability of a link is lower if the customer owns the supplier. In the bottom panel, looking
across potential suppliers for a given customer, we find that the probability of a link is significantly
lower when there is any cross-ownership of the firms. These results suggest that more work is needed

on the joint dynamics of firm size, firm ownership and the supplier-customer relationship.

5.1 Two-way Trade

Goods and services can flow both ways between a pair of firms. Such two-way trade occurs in 7.3
percent of the supplier-customer pairs, far more often than would occur by chance. To assess the
importance of firm characteristics and geographic variables in two-way trade, we estimate a linear

probability model

Twoway;; = Po + f1X; + B2 X + B3Xi; + €ij (5)

1510 tables across countries show large amounts of within industry trade.

12
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where Twoway;; = 1 when there is two-way trade and Twoway;; = 0 when firm 4 supplies firm j
but is not a customer of firm j. The covariates are similar to those in equation [3| with the exception
of ownership which is given by a single dummy variable.

Table[3reports the results. Among firm i’s customers, firm j is more likely to also be a supplier to
firm ¢ if it is large and in the same industry. However the interaction of partner sizes is again negative.
Cross-ownership enters with a large, positive and significant coefficient. For a given supplier, an
ownership connection increases the probability of two-way trade by 28.5 percent. Customers with
an ownership link are three times as likely to be involved in two-way trade than are other customers
of the firm.

The role of geography is somewhat different than in equation [8] Distance between the firms
reduces the probability of two-way trade but suppliers and customers in the same prefecture are less
likely to be involved in two-way trade. The results are symmetric looking across firm j’s suppliers.

Here we have explored how firm characteristics and geography are correlated with the existence
of buyer-supplier connections. Firm characteristics are strongly correlated with the existence of a
connection. Larger and older firms are more likely to be either suppliers or customers. However, this
effect is attenuated when the source firm is large and old. That attentuation matches the finding
that there is negative assortivity in the buyer-supplier network as firms with many connections
(larger and older) on average are connecting with firms that have fewer connections themselves

(smaller and younger).

6 Gravity in the Domestic Production Network

We now draw on the literature in international trade to evaluate the role of distance in frequency
of connections for firms throughout Japan. In this section, we evaluate to what extent connections
between regions of Japan are consistent with the predictions of the gravity equation for trade flows.
The gravity model predicts that trade volume between regions ¢ and j is a multiplicative function

of the economic sizes of ¢ and j and trade costs between ¢ and j. Specifically,

YiX;

X J

i = kKR—p >
ij

where X;; is trade between ¢ and j,  is a constant, X; = > . X;; is total purchases by j, Y; is
production in region ¢, 7;; is a measure of trade costs between 7 and j and p is the elasticity. Prior
work in international trade shows that economic size and trade costs affect both the extensive and
intensive margins of trade, i.e. both the number of connections and their average valuem The data

used here is exclusively on the number of connections so we reinterpret the traditional gravity model

16 Analyzing country-level exports from Norway, [Bernard et al.| (2013) find that the number of buyers (importers)
and sellers (exporters) respond to distance and GDP with an elasticity about 70 percent of that for aggregate exports.
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for the extensive margin of trade to examine the effects of both the density of economic activity
and the distance between locations.

We focus on three main predictions of model. First, total imports in region j are proportional
to total purchases, Imports; =3, ,; Xij = 6X; >, % (Prediction 1).

Second, j’s share of purchases from 1 is increasing in i’s production, X;;/X; = kY;/ 7',5- (Prediction
2). The relationship also depends on 7;;, however, so that conditional on production Y, regions

with lower trade costs have a higher trade share.
Third, the so-called Head-Ries index,

HEy; - <Xinji>1/2 |
XiiXjj

is a function of trade costs alone, HR;; = Ti;p (Prediction 3). We therefore expect that distance,
a standard proxy for trade costs, should be highly correlated with the Head-Ries index. Also note

that, given information about the elasticity p, HR;; gives us a simple estimate of trade costs 7;;.
The dataset allows us to explore the gravity features of the data at any aggregation level. We
start with highly disaggregated regions and divide Japan into a grid consisting of 500x500 cells.
The data do not include information about the value of trade, but we do observe the number of
links between regions. Hence, we define X;; as the number of suppliers in ¢ serving customers in
j. As many cells are covering water and other non-populated areas, the dataset is reduced to 8,390
cells after removing these regions. Furthermore, not all ¢j pairs are trading; 565,929 pairs have
positive X;; among the number of potential pairs 8, 3902 = 70,392, 100. In the appendix, we repeat
the analysis at the prefecture level, which gives us 47 regions and 472 = 2209 ij pairs (no pair of

prefectures reports zero trade).

6.1 A Production Network Map

We start by visualizing the network of firm-to-firm connections across the cells. In Figure [6], we
map directed connections among the cells. We draw a five percent sample of pairs of cells that have
more than 5 directed connections and plot each end of the connection in physical space (latitude
and longitude)m The supplier firm cells are marked with a green ’X’ while the destination/buyer

cells are marked with a blue arrowhead. The dotted red lines connect the endpoints.

"Given 75 = 1 and 7i; = 7;;. Without these restrictions, the expression is HR;; = [(1:;7j:) / (t:i7j;)] /2.
18We plot a sample of cells with more than 5 firm-to-firm directed connections to simplify the map. Including a

smaller sample of all connected cells yields a similar picture.
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Figure 6: The Geography of the Production Network
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Note: The figure shows a five percent sample of pairs of locations with 5+ firm-
firm connections. Each location is a square 4km on a side. The starting point
for each connection is marked by a green X, the ending point is given by a blue
arrowhead.

Several feature of the firm connection network are apparent. A large fraction of connections
start and end in the main economic hubs of the country. The resulting sample of the production
network shows a striking resemblance to the population density map of Japan. In addition, most
connected cells are relatively close to each other, the dotted red lines are denser at short distances.
Conversely, there are relatively few connections between firms at the ends of the country. Most

supplier relationships are between firms that are physically proximate.

6.2 Empirical Implications

Prediction 1. We start by plotting the relationship between the total number of suppliers (>, Xi;)
and suppliers from outside the region (3, £ Xij) on log scales in Figure E According to Prediction

1 the two variables should be proportional. This is indeed the case; the fitted slope coefficient is

15



Production Networks, Geography and Firm Performance

0.98, close to a coefficient of 1 as the theory would predict.

Figure 7: Outside and Total Number of Suppliers.
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Note: The figure shows the total number of suppliers to a given region on the
horizontal axis and the number of suppliers from outside the region on the vertical
axis. Numbers are in 1000s and axes are in logs.

The mean and median import share, ), 2 Xij /X, is 0.94 and 0.95 respectively, showing that the
large majority of connections is formed to outside cells. We show in the Appendix that the import

share is much lower when regions are aggregated to larger geographic areas.

Prediction 2. The second prediction relates total production in ¢ to the market share of ¢ in
j’s purchases. We proxy production in ¢ by the number of firms operating in i. We then estimate
a kernel-weighted local polynomial regression of the log market share of ¢ in j, X;;/X; on the log
number of firms in the source ZF—_Q-] The fitted line is displayed in Figure|8l Overall, regions with more
firms, higher levels of economic activity, account for a greater share of suppliers in other regions.
The relationship is somewhat stronger for larger regions in the sample.

Prediction 3. Finally, we examine the relationship between the Head-Ries index and distance.
We estimate a kernel-weighted local polynomial regression of the log Head-Ries index on the log
distance between ¢ and j. The fitted line is displayed in Figure @]FE] The relationship is strongly
negative, and the linear regression slope is -0.74. Note that this is very similar to extensive margin

estimates in international trade data, see Bernard et al.| (2013). This suggests that geography

YWe drop jj pairs from the regression as X;;/X; is typically much higher for ¢ = j than for i # j. Due to the
large number of observations in the data, we do not show the scatter behind the fitted line.
20 Again, we do not show the underlying scatter, as the large number of data points obscures the fitted line.
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Figure 8: Trade Share and Number of Source Firms.
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Note: The figure shows the kernel-weighted local polynomial regression of the log
market share of ¢ in j, X;;/X; (vertical axis), on the log number of firms in the
source region 4 (horizontal axis). The gray area denotes the 95 percent confidence
bands. The linear regression slope is 0.32.

impedes trade almost as much within countries as across countries. The fit of the linear regression
model is also remarkably strong, with an §2 = 0.61. Hence, distance alone is able to explain 61
percent of the bilateral variation in HR;;, across 251,424 region pairs@

The absolute magnitude of the Head-Ries index is also of interest. In a broad class of models,
iceberg trade costs between i and j relative to internal trade costs in ¢ and j are 7;; = H R;jl/ L
Given knowledge about the trade elasticity p, one can therefore infer a model consistent measure
of trade costs from the Head-Ries index. We choose p = 4, which is a common estimate in the
literature (Simonovska and Waugh, fforthcoming). The predicted 7;;’s for the 5th, 25th, 50th, 75th
and 95th percentiles of the distance distribution are then 1.6, 2.3, 3.0, 3.2 and 3.4 respectively. The
percentiles correspond to distances of 11 km, 43 km, 141 km, 403 km, 982 km respectively. Hence,
even for very short distances of around 10 km, trade costs appear to be surprisingly high.

This section has shown that the effects of economic activity and distance have significant effects
on the location and number of connection between firms. These results suggest a strong role for

geography in the formation of buyer-supplier connections and thus a similarly strong role for policies

changes that reduce the effective distances between firms.

21The number of observations is smaller than in the main sample because some regions have X;; = 0, which makes
In H R;; missing.
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Figure 9: Trade Costs and Distance in the Production Network.
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Note: The figure shows the kernel-weighted local polynomial regression of the log
Head-Ries index (vertical axis) on log distance (horizontal axis). The gray area
denotes the 95 percent confidence bands. The linear regression slope is -0.74.

7 Firm Performance and the Supplier Network

While the importance of both domestic and international supplier networks is acknowledged there
is little direct evidence on the relationship between the network characteristics of suppliers and
the downstream performance of customers. In this section, we take a first step and examine the
correlation between measures of firm (customer) performance and the characteristics of the firm’s
supplier network@

The basic specification is

Yfjr = 5]' + 57‘ + Bgfs + Bindegf + Bxfs + Efrj

where is yyj, is a performance measure of firm f, g, is the average performance measure of firm f’s
suppliers, indegy is the log in-degree of firm f (# of suppliers) and s, is a vector of characteristics of
the suppliers of firm f that can include the average distance to the suppliers, the average in-degree of
firm f’s suppliers and the average out-degree of firm f’s suppliers, and ¢; and J, are 4-digit industry
and prefecture fixed effects respectively.

We measure supplier quality by performing a factor analysis on average log supplier sales, log

sales per employee, and credit score. The first factor is strongly positively correlated with all these

22We caution that one should not make causal inferences based on the results in this section.
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performance measures and accounts for the large majority of the variance. We include both the
level and square of the primary factor.lﬂ

Table [4 reports the results for a variety of performance measures including log sales, log sales
per worker, and credit score. As expected, firm performance is positively correlated with the (log)
number of suppliers and the average performance of those suppliers, i.e. the direct measures of the
firm’s supply network. These correlations confirm that good firms have both more suppliers and
higher average quality suppliers. Of course, they cannot reveal the direction of causation, whether
good firms connect to more and better suppliers and/or whether connections to more and better
suppliers improves downstream firm performance.

More interesting, however, is the relationship between firm performance and average distance
to suppliers. Conditional on the number and quality of suppliers, distance is negatively correlated
with measures of downstream performance. The closer are the suppliers the better is the customer
performance. We found earlier that “better” firms, as measured by the number of connections, have
a higher average distance to their suppliers. We also showed that, within a firm, the quality of
more distant suppliers is higher than that of close suppliers. In this result, we find that distance to
the supply network is negatively correlated with firm performance. This result is consistent with
models of economic geography and co-location that posit positive productive spillovers from firms
operating in close proximity. Our findings emphasize the possibility of one form of that externality

where the performance of downstream producers is better when suppliers are closer.

7.1 Network Effects of Suppliers

There is little formal theoretical guidance on the expected role of supplier networks on downstream
firm performance. A supplier with a richer set of its own suppliers may be able to better aggregate
and pass along (tacit) knowledge about the inputs it is providing. Such a connection would suggest
that downstream firm performance would be positively related to the connectedness of its supply
base. Models of geography and co-location often feature production externalities for firms in the
same geographic area but are silent about the importance of a dense supply chain. In contrast,
a supplier serving more downstream customers may be sharing any such knowledge with other
competing downstream firms, thus reducing the performance edge to its customers.

Controlling for the direct characteristics of a firm’s suppliers (number, quality and distance),
we add measures of supplier connectedness to the specification in columns (2), (4) and (6). These
supplier network characteristics include a measure of upstream connections and a measure of down-
stream connections of the firm’s suppliers.

The average in-degree of suppliers is given by the average number of suppliers of a firm’s sup-

23The results are robust to including any or all of the individual supplier performance measures and higher order
terms.
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pliers@ This measure captures how well-connected the suppliers are in the production network. It
effectively looks back up the supply chain (upstream) and asks whether a customer’s suppliers are
themselves served by a greater number of firms. The other measure of supplier connectedness is
the average out-degree of suppliers which is the average number of customers of a firm’s suppliers.
This measure captures the customer base of the suppliers by looking forward (downstream) and is
at the same level of the network as the (customer) firm itself.

The results in Table [4] show a positive and significant correlation between downstream customer
performance and the average in-degree of its suppliers. The greater the number of suppliers’ sup-
pliers the higher the performance measure. The magnitude of the effect can be benchmarked by
comparing the point estimate to the coeflicient on the firm’s own in-degree. The effect of upstream
connectedness is smaller that of direct connections by the firm, ranging from one quarter of one
sixth as large.

The correlation between downstream firm performance and the average out-degree of its suppliers
is negative and significant. The greater the number of customers of the firm’s suppliers, the lower
the measure of firm performance. The effect is somewhat surprising. One possibility is that more
downstream customers of a supplier indicate more competition for the customer firm itself, however,

the result is robust to attempts to control for direct competition for the Customerﬁ

8 Conclusion

Firms operate in complex supplier-customer networks that potentially range over long distances.
Academics and policy-makers have become increasingly interested in the interaction between supply
networks and economic outcomes. However, the effects of supplier networks and supplier location
on firm performance are largely unknown. We document the structure and geography of a large
domestic production network and its relationship with firm performance. This paper characterizes
the domestic production network in Japan using detailed buyer-supplier data on over 950,000 firms.

Beyond describing the characteristics of the Japanese production network, the paper examines
the geographic features of the network links. Greater geographic distance plays an important role
in reducing the probability of buyer-seller relations between pairs of firms. For a given firm, greater
distance is associated with better performance measures of suppliers and customers. Geography, the
density and the quality of network connections are strongly correlated with downstream (customer)
firm performance. Labor productivity, size, and credit score of a downstream firm are positively

correlated with features of its upstream supply base including the number of suppliers and their

21deally we would use measures of the average eigenvector centrality of the suppliers based on in-degree or out-
degree to establsh the network position. Unfortunately we were unable to get convergence when calcuating such
measures on directed networks of this size.

258pecifications including the number of firms in the same industry in the same city continue to show a large,
significant negative coefficient on the supplier out-degree variable.
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average performance. In addition, geographic proximity of a firm’s suppliers is associated with
improved firm performance.

The paper also provides the first evidence on the relationship between supplier network con-
nections and downstream firm outcomes. Firm performance is better when its suppliers have more
suppliers of their own. However, firm performance is lower when its suppliers are connected to more
downstream customers.

The results in this paper point to an important role for geography not only in firm location but
in firm performance. Geography affects connections to suppliers and customers and through them
firm size and productivity. One area where this research intersects with economic policy is in the
location and impact of large-scale infrastructure projects. These results suggest not only that firms
may be able to supply their goods and services at a lower cost when trade costs fall but also that
there may be important firm-level and aggregate productivity effects of reducing travel time and

cost.
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Appendix

A Gravity in Prefecture Level Data
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Figure 10: Gravity at the Prefecture Level.
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In this section, we repeat the gravity analysis in the main text at a higher level of aggregation. We
choose the prefecture level, which gives us 47 regions and 472 = 2209 ij pairs (no pairs with zero
trade). Panel A of Figure [10| shows the relationship between the total number of suppliers versus
the number of suppliers from outside sources. The mean (median) import share is 0.43 (0.40). Panel
B of Figure [10| shows the scatter between the number of firms in a source ¢ versus the market share
of ¢ across prefectures. Panel C of Figure 10| shows the scatter between distance and the Head-Ries
index. The fitted regression slope is -1.25.
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Table 1: Connection Quality and Geography

Suppliers In-degree  Out-degree Employment Sales/worker
Distance 0.120¢ 0.171¢ 0.151¢ 0.036%
Same industry -0.293% -0.518% -0.330¢ -0.085“
Same island -0.089¢ 0.049¢ -0.076% 0.039%
Same prefecture -0.404¢ -0.320¢ -0.469 -0.115¢
Seller prefecture FE Yes Yes Yes Yes
Buyer FE Yes Yes Yes Yes

N 3,080,414 3,345,585 3,340,659 3,335,784
Customers In-degree  Out-degree Employment Sales/worker
Distance 0.073% 0.058“ 0.063¢ 0.005¢
Same industry -0.386¢ -0.149¢ -0.483¢ 0.018¢
Same island -0.170¢ -0.146° -0.165“ -0.028¢
Same prefecture -0.511¢ -0.452¢ -0.541¢ -0.138¢
Buyer prefecture FE Yes Yes Yes Yes
Seller FE Yes Yes Yes Yes

N 3,345,585 2,789,021 3,336,784 3,332,215

Note: Each column represents a different dependent variable.

significance at the 1 percent level.
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Table 2: Probability of ij Links (firm 7 is a supplier)

1) (2) 3)
Empl; 7.33E-06  1.81E-05*  1.81E-05%
Empl; x Empl; -2.74E-06%  -2.74E-06“
Age; 8.27E-07  3.01E-06%  2.91E-06%
Age; x Age; -6.81E-07"  -6.68E-07“
Distance -5.44E-06% -5.56E-06% -5.52E-06%
Same industry 1.84E-05%  1.81E-05*  1.81E-05%
Same island 2.79E-05%  2.69E-05%  2.70E-05%
Same prefecture 1.53E-05%  1.61E-05%  1.62E-05%
Ownership, i owns j 9.08E-06%
Ownership, j owns % -1.54E-06%
1 fixed effect Yes Yes Yes
Prefecture fixed effect Yes Yes Yes
N 5,491,776  5491,776 5,491,776

(4) (5) (6)

Empl; 8.53E-06%  2.01E-05%  2.01E-05%
Empl; x Empl; -2.79E-06% -2.79E-06%
Age; 1.95E-06%  3.46E-06%  3.54E-06“
Age; x Age; -3.68E-07%  -3.91E-07“
Distance -5.01E-06% -5.27E-06% -5.32E-06"
Same industry 1.60E-05*  1.73E-05%  1.74E-05%
Same island 3.19E-05  3.09E-05%  3.08E-05%
Same prefecture 1.70E-05 1.70E-05¢ 1.75E-05%
Ownership, i owns j -2.11E-06%
Ownership, j owns 4 -3.50E-06%
j fixed effect Yes Yes Yes

Prefecture fixed effect Yes Yes Yes

N 5,508,106 5,508,106 5,508,106

Note: Continuous variables in logs.  indicates significance at the 1 percent
level.
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Table 3: Probability of Two-Way Trade

(1)

(2)

Empl; 3.39e-3%
Empl;

Empl; x Empl; -7.01e-4¢
Age; 6.53e-3%
Age;

Age; x Age; -3.07e-3%
Ownership link 0.285¢
Distance -5.55e-3¢
Same industry 3.92e-2¢
Same island -9.61e-4
Same prefecture -7.31e-3%
i fixed effect Yes

7 fixed effect

Prefecture fixed effect Yes

N 2,924,866

9.73e-3
-3.18e-4¢

-1.36e-3
-9.88e-4
0.274¢
-4.43e-3%
4.86e-2%
-1.05e-3
-8.71e-3%

Yes
Yes
3,093,664

Note: Continuous variables in logs.
percent level.

a
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Table 4: Performance and the Supplier Network

(1) (2) (3) (4) (5) (6)

Sales Sales  Sales/Emp Sales/Emp  Score Score

# of Suppliers 1.024*  1.014¢ 0.280¢ 0.275% 2.686%  2.664%
Supplier Quality -0.043°  0.110°  0.008®  0.111° 200249 0.308°
Supplier Quality Squared 0.056%  0.060% 0.019¢ 0.024“ 0.151*  0.155%
Distance to suppliers (avg) -0.022  -0.013¢ -0.009¢ -0.004“ -0.101*  -0.082¢
Out-degree of suppliers (avg.) -0.170¢ -0.080% -0.405%
In-degree of suppliers (avg.) 0.078% 0.016% 0.219¢
N 638,252 618,348 636,814 616,982 616,292 617,382

Note: Continuous variables in logs. ¢ indicates significance at the 1 percent level.
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