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Abstract

We quantify the transaction costs that firms face when participating in intermediate
goods markets. To do so, we examine the shipment behavior of tens of thousands of
establishments that produce and distribute a variety of products throughout the goods-
producing sector. Our main analysis relates the frequency of shipments across pairs of
sending establishments and destination zip codes to the proportion of establishments in
the destination which share ownership with the sender. These regressions reveal that
the firm boundary is notably wide: An additional downstream establishment which
shares ownership with the sender has an equivalent effect on trade intensity as a 30
percent reduction in distance between sender and destination. A calibration of a multi-
sector general equilibrium trade model demonstrates that these transaction costs also

have discernable economy-wide implications.
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1 Introduction

A vast literature initiated by Coase (1937) has sought to build an economic theory of the
firm. A central question in this work regards what forces determine which transactions occur
within firm boundaries as opposed to being moderated by markets, and transaction costs are
one of the literature’s most widely examined potential answers to this question. This line
of research, developed by Williamson (1971, 1973, 1979) and Klein, Crawford, and Alchain
(1978) and intensified thereafter, has studied how transaction costs influence firm formation,
size, and scope.’

To our knowledge, however, broad-based estimates of transaction costs at the very level
at which transactions occur—the core empirical object in such theories of the firm—are
lacking. In this paper, we attempt to measure these costs for a large number and variety of
firms. We do so by analyzing millions of shipments (our transaction-level observation) from
tens of thousands of establishments that produce and distribute a variety of products in
goods-producing sectors in the U.S. We identify firms’ transaction costs using their revealed
choices of what, where, and to whom to ship. Differences in the patterns of their within- and
across-firm shipments reveal the hurdle they perceive for transacting outside their borders.

We find that inter-firm transaction costs are substantial. They are equivalent in mag-
nitude to the costs associated with increasing the distance between counterparties by 30
percent. Given that the median shipment distance in our sample is around 250 miles, this
points to such costs being large and important. It also suggests that the organizational
and spatial structure of economic activity is shaped by transaction costs. We explore and
characterize the heterogeneity in transaction costs across different production settings and
find some systematic patterns. We also address the potential bias created by the endo-

geneity of establishment ownership and location. Finally, we compute the aggregate welfare

1Gibbons (2005) characterizes transaction-cost-based theories as comprising two of his four formalizable
theories of the firm: namely, the rent-seeking theory and adaptation theory. Both of these conceptual
structures, originally specified by Williamson (1971), posit that firms exist to circumvent or mitigate the
costs of transacting with other counterparties.



implications of the mitigation of transaction costs conferred by common ownership.

These results extend and qualify the conclusions drawn from our earlier work (Atalay et
al., 2014). In this earlier paper we documented that, for a large fraction of firms that own
establishments in vertically related industries, upstream establishments make almost all of
their shipments to downstream establishments in other firms. We interpreted this empirical
finding as signifying that for many firms that own production chains, the primary rationale
for common ownership is to facilitate within-firm flows of intangible rather than physical
inputs. However, this does not necessarily imply that across-firm transaction costs are small
in magnitude. The relative frequencies of within-firm and across-firm transactions are a
function of the characteristics (including the firm identity, distance, and productivity) of
the potential suppliers and customers with whom establishments can trade. The magnitude
of the transaction costs can only be discerned once compared to other costs that make
transactions across buyers and sellers more or less likely.

Our work relates to a recent literature examining how transaction costs—and, more gen-
erally, other forces which shape firm boundaries—interact with firms’ decisions about their
location and scope. Fally and Hilberry (2015) construct a multi-industry, multi-country trade
model with the goal of examining how declining transaction costs affects the within-country
and international fragmentation of production chains. The main tradeoff in the model bal-
ances transaction costs against within-firm coordination costs. Tasks are integrated within
the firm to save on the costs of transacting with suppliers or customers, but because of
increasing marginal costs of coordinating tasks within the firm, not all tasks within a pro-
duction chain are performed by the same firm. As transaction costs decline, product line
fragmentation increases, and activity is spread out over a larger number of countries. Along
similar lines, Fort (2015) uses detailed data from manufacturers’ purchases of contracted
services to demonstrate that declining costs of inter-firm communication due to improve-
ments in information and communication technology has fragmented production, especially

for products whose specifications can be codified in an electronic format. Antras and Chor



(2013) model a multi-stage production process where the value of the final good is a func-
tion of investments made at each stage. Each stage may either be integrated with the final
producer or outsourced to a supplier. A key prediction of the model is that integration at
later (resp. earlier) stages of production is more likely when investments along the chain are
strategic complements (resp. strategic substitutes). They empirically test and find support
for this prediction using aggregate data from the Census Related Party Database (this result
is reaffirmed in firm-level data in Alfaro et al., 2015). In sum, a literature has examined how
transaction costs and property rights shape firm boundaries. Our complementary contribu-
tion to this literature is to actually measure the magnitude of transaction costs rather than
focus on testing comparative statics in response to directional but unquantified changes in
transaction costs.

Our work also has ties to the vast literature that has used gravity models to infer the
costs associated with transacting with faraway counterparties; see Anderson and van Win-
coop (2004), Costinot and Rodriguez-Clare (2014), and Head and Mayer (2014) for syn-
theses of this literature.” As emphasized in these literature reviews, the gravity equation
of trade—according to which the flows of goods or services across two regions is directly
proportional to the size of these regions and inversely proportional to the distance between
them—emerges as the prediction of a broad class of trade models. In this paper, we apply
the particular model proposed by Eaton, Kortum, and Sotelo (2012) to generate our esti-
mating equations. Their model is particularly useful in our context, as it accounts for the
possibility of zero trade flows across pairs of regions, which are pervasive in our dataset. Our
contribution in this paper is to leverage what is known from the gravity equation literature
about distance-based trade impediments to obtain an estimate of across-firm transaction

costs.

2A complementary literature uses deviations from the law of one price as a way to measure the costs of
trading across regions. We owe the title of our own paper to Engel and Rogers (1996), an exemplar of this
literature.



2 The Gravity Equation

The framework we use to predict trade flows from establishments to destination zip codes
borrows heavily from Eaton, Kortum, and Sotelo (2012). In particular, from Eaton, Kortum,
and Sotelo we adopt the model elements which yield a gravity equation that is both relatively
simple to derive and allows for zero trade flows between pairs of regions; this latter element is
important, as zero trade flows are common in our data. We make two minor amendments to
their model. First, we characterize the expected flows from specific sending establishments to
destination regions, as opposed to having both the origin and destination represent regions.
Second, critically for our empirical question, we permit transaction costs to be lower when
the sending and receiving establishment belong to the same firm.

Establishments operate in 1,..., 7 zip codes, with potentially multiple establishments
located in each destination zip code z. Establishments (“plants”) can both produce/send
and use/receive commodities. Each produces a single, horizontally-differentiated traded
commodity.® Denote the identity of a potential receiving establishment with its location 2¢
and similarly refer to the sending establishment as ¢.

Each sending establishment has a linear production technology that allows it to transform
[ units of labor into vl units of output. Other than firm identity, establishment productivity
v is the only heterogeneous establishment characteristic. We assume that v is Pareto dis-
tributed with shape parameter § and a lower cut-off v that can be set arbitrarily close to
0. We also assume that the (integer) number of plants in source zip code i with efficiency
V > (for v > ©) is the realization of a Poisson random variable with mean T;v=%. In this
expression, T; reflects the overall measure of establishments in zip code 1.

Call the cost of a unit bundle of inputs for producing establishments in zip code i is

x;. There are also iceberg-style transport costs in distance, but these can differ based on

3In the empirical application in Section 4, we construct market shares separately by commodity. We
omit commodity-level prefixes throughout this section for notational simplicity. The analysis in this section
can easily be extended to multiple traded commodities with constant expenditure on each commodity. This
can be accommodated by a model in which a representative consumer in each zip code has Cobb-Douglas
preferences over commodities; in Section 5, we discuss a multi-industry model along these lines.



ownership. Specifically, for establishment ¢ to sell one net unit of the commodity to plant
z¢, it must produce d,; > 1 units of output if plant 2¢ is owned by a different firm and
d.;0,; > 1 units of output if the same firm owns it. Furthermore, forming a relationship with
establishment z¢ requires a fixed number of workers F'.. to be hired in zip code z. Note that,
except for firm identity effects, all of these costs are source-by-destination-zip-code specific.

Given these assumptions, the unit cost of a plant with productivity v selling to plant z¢
is

T
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where 157 is an indicator for a within-firm relationship between establishments i¢ and z¢.
Using properties of the Poisson distribution, the number of establishments that can sell to
establishment z¢ at a cost less than or equal to v is the realization of a Poisson random

variable with parameter ®.,.v?, with
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Our last set of assumptions, again following the Eaton, Kortum, and Sotelo (2012) setup,
relate to establishments’ entry and pricing decisions. We assume that i) upstream estab-
lishments compete monopolistically when serving each downstream establishment, ii) the
downstream establishment z° combines inputs form its suppliers according to a CES ag-
gregator, iii) each upstream establishment takes as given the downstream establishment’s
intermediate input “ideal price index” P.. and total expenditures X.. on intermediate in-
puts, and iv) upstream establishments sell to z¢ (referred to as entry) as long as profits are
non-negative, with low-cost potential entrants making their decisions first.

This setup provides three results on the margins of trade. First, conditional on entry,
sales of different entrants are independent of the cost parameters x;, d.;, and d,;. These

parameters affect only the extensive margin of trade, not the intensive margin. Second, the



probability that establishment ¢ is among the lowest-cost establishments that are able to

profitably enter is given by:
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Third, and related to the first two results, the fraction of z¢’s expenditures purchased from

upstream establishment ¢ equals
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In Appendix A, we aggregate Equation 2 up to the sending-establishment x downstream

zip code level:
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where S,;e = 3 Lec, ))%: 15F(2¢,1¢) is the expenditure-weighted share of downstream establish-

ments in the destination zip code owned by the same firm that owns sending establishment

1. Throughout this paper, we refer to % as the market share of establishment ¢ in zip code
z. In our empirical analysis, later on, this market share will be specific to the commodity, 7,
that ¢ produces.

Consider a first-order Taylor approximation around the point at which sending establish-

ment i¢ has no same-firm establishments in the downstream zip code:*

1+ S, ((5;-9 — 1) R~ exp {Szie (529 - 1)} ’

4With this approximation, the relationship between the same-firm ratio, s,;, and the expected market
share is log-linear. Since in our sample the average value for s,;e equals 0.0005, the approximation error is
inconsequential.




Using this approximation, we can rewrite Equation 3 as

E |:Xzie:| N exp {logT; — Ologx; — Ologd,; + s (exp [—0logd.;] — 1)}

4
Xz 71 Yieer exp {log Ty — Olog zy — 0log d.iv + s.ive (exp [—0log b.] — 1)} @

We assume that the relationship between distance and same-firm-ownership on trade

flows can be parameterized as

—0logd,; + S, (exp[—0logd,| —1) = ap+ a; - logmileage,, ; (5)
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Plugging Equation 5 into 4 yields an expression for the expected market share as a
function of a) sending-establishment specific terms, b) pair-specific observable variables, and
¢) a summation of destination-specific terms. There are two possible approaches to estimate
the parameters involved in the expression for the expected market share. The first, advocated
by Anderson and van Wincoop (2003), is to incorporate both destination and origin fixed

effects:

Xzie . .
E { e ] ~ exp {ay - logmileage,, ; + ay - S, + i3 - S4e - log mileage,, ; + e + ) (6)
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The destination fixed effects in Equation 6 capture the terms in the denominator in Equation
4. This theoretically-motivated specification produces consistent estimates of the same-firm
share, distance, and interaction terms.

One drawback of this approach is that with tens of thousands of sending establishments
and tens of thousands of destination zip codes, it is computationally taxing. As a second
approach, in most of our specifications, we regress );—Z against sending establishment fixed
effects, distance terms, and destination-specific multilateral resistance terms (as discussed in
Baier and Bergstrand, 2009). These multilateral resistance terms involve subtracting off a

first-order Taylor approximation of the terms in the denominator of the right-hand-side of



Equation 4.
An appropriate estimator for either specification is the multinomial pseudo maximum
likelihood estimator, which can be implemented via a Poisson regression; see Head and

Mayer (2014; Section 5.2), or Eaton, Kortum, and Sotelo (2012).

3 Data Sources and Definitions

Our analysis employs two large-scale data sets maintained by the U.S. Census: the Longitudi-
nal Business Database and the Commodity Flow Survey. We supplement these data with two
sets of industry-level definitions from past work: our definitions of vertically-related industry
pairs (from Atalay et al. 2014) and Rauch (1999)’s product differentiation classification.

Our benchmark sample is drawn from the establishments surveyed in the 2007 Commod-
ity Flow Survey (CFS). Like its predecessors, the 2007 CFS contains a sample of establish-
ments operating in the economy’s goods-producing and goods-distributing sectors: mining;
manufacturing; wholesale; electronic shopping and mail-order houses; and newspaper, book,
and music publishers. Once per quarter, each surveyed establishment is asked to report up
to forty randomly selected shipments that it made on a given week in that quarter. Relevant
for our purposes, the data include each shipment’s origin and destination zip code, weight,
dollar value, and a commodity code describing what was being shipped. The sample contains
approximately 4.3 million shipments made by roughly 58,000 establishments.” Because we
are interested in characterizing the shipment patterns of establishments that could make
same-firm shipments, we only keep establishments from multi-unit firms. This reduces the
sample size to approximately 35,000 establishments.

While the CF'S is a shipment-level dataset, we sum up across shipments within a surveyed

establishment-destination zip code pair to obtain each observation in our analysis dataset.’

®Census disclosure rules prohibit us from providing exact sample size counts throughout this paper.

SNote that the CFS allows us to observe the destination zip code of the shipment, not the identity of
the particular recipient establishment. This is why our level of observation is demarcated by a (shipping)
establishment on one side but a zip code on the other. It means we must infer internal shipments as a



We create the sample as follows. We first segment the 2007 CFS by 4-digit SIC industry
of the shipping plant. For each industry, we collect all destination zip codes that receive
at least one shipment from industry establishments. We then create the Cartesian product
of all shipping plants and all destination zip codes for that industry. Our sample consists
of the aggregation of these Cartesian products across all 4-digit industries. Because most
establishments report shipments to only a few zip codes, our benchmark sample has 174
million sending establishment-destination zip code observations.

The main variables of interest in next section’s empirical specification are the market
share and distance measures. The market share for a shipping plant ¢ at destination z is
the total value of shipments from ¢ to z divided by the total shipments sent to z by all
plants in ¢“’s 4-digit SIC industry. Our main analysis relates this market share to measures
of the distance, be they literal or figurative, between ¢ and the establishments located in
zip code z. The physical, great circle distance between two zip codes is straightforward
to compute using information on the zip codes’ longitudes and latitudes. A key figurative
distance measure s; is the fraction of downstream establishments in zip code z owned by the
same firm that owns establishment ¢¢; below, we call this variable the “same-firm ownership
fraction.” To compute this fraction, we restrict attention to the establishments in zip code
z that could conceivably use the product establishment ¢¢ is shipping. For example, if ¢
is a cement manufacturer, we would not want to include dairy producers, auto wholesalers,
or gas stations when computing s.;e. To discern which establishments are downstream of
1¢ and could in turn conceivably use ¢’s output, we apply the algorithm introduced in our
earlier paper (Atalay et al. 2014). Namely, we find industry pairs I, J for which at least
one percent of the output of industry [ is purchased by establishments in industry J. Then
when computing s.;e for each establishment ¢ € I we sum only over the plants in zip code

z that belong to industry J.

Table 1 presents summary statistics for our sample of establishment xdestination zip code

function of the prevalence of downstream establishments owned by the shipping establishment’s firm rather
than being able to observe these internal shipments directly.

10



pairs. Panel A indicates, first, that the total value shipped (summing across all potential
sending establishments i) is highly skewed. While the median 4-digit productxdestination
zip code shipment total is around $2600 and the mean around $42,500. Second, the average

)géz, equals 0.005. Only 0.8% of sending establishments have any shipments

market share,
to z. In short, zero trade flows are exceedingly common in our sample of i¢-z pairs.

Panels B and C split i°-z pairs by the presence or absence of shipments from i€ to z.
The two takeaways from these panels are that a) establishments tend to ship to zip codes
that contain some potential counterparties that share ownership with the sender, and b)
same-firm shares are low, even in zip codes that receive at least one shipment. For the mean
1°-z pair, 30.2 establishments belong to industries downstream of the sender. Of these, 1.1%
share ownership with the sender. Shipments are more likely to be sent to zip codes in which
at least one of the potential recipients belongs to the same firm as the sender. For destination
zip codes that purchase at least one shipment from ¢, 0.34% of the potential recipients share
ownership with the sender, compared to 0.05% when no shipment is sent.

Panel D indicates that establishments under common ownership tend to be closer to
one another, and that most shipments travel relatively short distances. For i®-z pairs with
a potential recipient in z of the same ownership as ¢, the 10th percentile distance is 174
miles, and the 25th and 50th percentile distances are 399 and 788 miles, respectively. In
contrast, for pairs in which no such common ownership links exist, the 10th, 25th, and
50th percentile distances are uniformly larger: 262, 498, and 854 miles. Finally, the median
distance between sending establishments-destination pairs with at least one shipment is 254
miles. The corresponding distance for pairs with zero shipments is 860 miles.

To sum up, we can draw the following three conclusions from Table 1. First, for any
particular destination zip code, it is rare for there to be an establishment sharing ownership
with the sender. Second, pairs of establishments that are owned by the same firm and
belong to vertically-related industries tend to be located close to one another. Finally, a

potential destination zip code that contains an establishment sharing ownership with the

11
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sending firm tends to receive more shipments. So, our data on domestic shipments indicate
both that firms choose to locate their establishments close to one another, and that distance

and common ownership shape shipment frequencies.

4 Results

4.1 Benchmark specification

Table 2 reports our baseline regression results relating distance and ownership to the share of
a zip code’s purchases of a given product purchased from a particular sending establishment
1°. The columns differ according to how we model the relationship between distance and
the market share—either logarithmically or more flexibly, with a sequence of categorical
variables—and which multilateral resistance term we include.”The tradeoffs between distance
and ownership firms reveal in their shipment patterns are informative about the magnitudes
of the costs they perceive in transacting outside their borders. Given that transaction costs
generally increase in distance, if establishments are systematically more likely to ship a
greater distance to same-firm establishments than other-firm establishments, this indicates
they see a differential cost in transacting within rather than between firms.

Consistent with a large body of evidence drawing on international trade flows (Disdier
and Head, 2008), we find that the elasticity of bilateral trade flows on distance is slightly

less than 1. Newer to the literature and the focus of our study is the estimate embodied

7

Regressions of Equation 6 that do not include both sending establishment and destination zip code fixed
effects potentially suffer from an omitted variable bias. Trade from establishment i¢ to destination zip code z
will tend to be larger if the sending establishment and /or destination zip code have few other trading partners
with whom they could transact (Anderson and van Wincoop, 2003). Because the inclusion of both sending
establishment and destination zip code fixed effects is computationally expensive, most of the specifications
in the paper instead apply the approach of Baier and Bergstrand (2009). Namely, for each pair-specific
explanatory variable, v,;e, our regressions include v, ;e —T,. — T.;e + T as the covariate. In columns (2) and
(5), U,., U.;e, and U respectively denote the unweighted average value of v,;c for a given establishment ¢, for
a given destination zip code z, or across all sending establishment-destination zip code pairs. In columns (3)
and (6), we also compute averages but instead weight observations by the observed flows from the sending
establishment multiplied by the observed flows to the destination zip code.

13



Table 2: Relationship between distance, common ownership, and market shares

Dependent Variable: %
(1) (2) (3) (4) () (6)
Same-firm ownership 3.164 3.487 3.626 3.186 3.489 3.587
fraction (0.059)  (0.059) (0.059)  (0.052)  (0.054) (0.056)
Log mileage -0.915 -0.955 -0.936
(0.003)  (0.003) (0.004)
Distance<50 miles 3.679 3.8546 3.902
(0.015)  (0.015) (0.017)
Distancee (50, 100] miles 2.635 2.809 2.835
(0.015)  (0.015) (0.016)
Distancee (100, 200] miles 1.754 1.904 1.901
(0.013)  (0.013) (0.014)
Distance€ (200, 500] miles 0.716 0.811 0.764
(0.008)  (0.0109) (0.010)
Distance>1000 miles -0.494 -0.592 -0.372
(0.010)  (0.013) (0.020)
Multilateral Resistance None Unweighted Weighted None Unweighted Weighted

Notes: All regressions include sending-establishment fixed effects. The sample includes 174 million i¢-z pairs drawing on the
shipments made by 34800 establishments. In columns (4)-(6), the omitted distance category contains zip code pairs which are
between 500 and 1000 miles apart.

14



in the same-firm ownership share coefficient. We find values of approximately 3.5 to 4,
almost four times as large as the distance coefficient. These regression coefficients indicate
that the addition of a same-firm establishment in the destination zip code—equivalently,
an increase in the same-firm fraction by 0.129—° has approximately the same relationship
with the probability of a shipment to that zip code as does a 40% reduction in the distance
between the sending establishment and the destination.” The implied “distance premium” of
ownership increases somewhat as we first include (column 2) and then use a weighted version
of (column 3) a multilateral resistance control. The final three columns replace log mileage
with a flexible set of indicators for various distance categories to capture any non-linearities
in distance effects. The same-firm ownership coefficients change little.

In Table 3, we explore how the relative importance of common ownership varies by
distance, the measure of common ownership, and the inclusion of destination fixed effects.
The first column includes an interaction of the same-firm ownership fraction with logged
distance, allowing the relationship between ownership and the probability of shipping to
a location to vary with distance. To help with interpretation, we demeaned the distance
variable when including interaction term in our specification. The interaction has a positive
coefficient, implying that the link between same-firm presence and the market shares is
stronger for more distant destinations. An additional same-firm downstream establishment
in the destination (equivalently an increase in the same-firm ownership fraction by 0.129)
in destinations at the 10th, 50th, and 90th percentile distances has roughly equivalent the
same impact on trade flows as a reduction in shipping distance by 39 percent, 44 percent,
and 46 percent, respectively. (The main effect of distance is somewhat larger in magnitude
in this specification.)

Columns 2 and 3 use different measures of same-firm presence in the destination zip code.

8For the average i°-z pair, there are 30.2 potential recipients (establishments in industries which are
downstream of i¢) in the destination zip code. The average of the inverse of the number of potential
recipients equals 0.148. So, the addition of a same-firm establishment in the destination zip code would
increase the same-firm ownership fraction by %448 ~ 0.129.

1.148
9An extra same-firm establishment is associated with the same change in probability as a reduction in

the distance from i€ to z by a factor of exp(%) ~ 0.62, a 40% reduction.
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Table 3: Relationship between distance, common ownership, and market shares:

and sensitivity analysis

interactions

1 . Xoge
Dependent Variable: ~=

z

(1)

(2)

(3)

(4) ()

Same-firm ownership fraction 4.191 3.376  3.921
(0.051) (0.032)  (0.033)
Log mileage -0.957 -0.957 -0.956 -0.951  -0.952
(0.003) (0.003) (0.003)  (0.001) (0.001)
Interaction between log mileage 0.385 0.292
and same-firm ownership fraction (0.029) (0.018)
Indicator: Number of downstream 1.421
same-firm establishments > 0 (0.019)
Number of downstream 0.206
same-firm establishments (0.013)
Destination Zip Code Fixed Effects No No No Yes
Multilateral Resistance Unweighted Unweighted Unweighted None  None

Notes: All regressions include sending-establishment fixed effects. The sample includes 174 million -z pairs, drawing on the
shipments made by 34800 establishments.

Column 2 has a binary indicator equal to one if the shipping establishment’s firm owns any
number of downstream plants in the destination zip code, regardless of the number, while
column 3 uses the count of same-firm downstream plants. In both cases, the implied quantita-
tive relationship between common ownership and trade flows is similar to that obtained using
our model-based metric of the same-firm ownership fraction. For instance, column 3 implies
that compared to a zip code with no same-firm presence, the inclusion of one same-firm

downstream establishment in the destination zip code has approximately the same relation-

0.206
—0.956

ship with trade flows as a 20 percent (zl—exp( )) reduction of distance between origin

and destination. Column 2 suggests the average effect of having some same-firm downstream

plants in the destination could provide a “distance premium” of 75 percent.

4.2 Interactions with Industry Characteristics

Building on our benchmark analysis, we explore whether there is systematic variation in

the associations between distance, ownership, and transaction patterns. We interact the key
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explanatory variables in our specification with several measures of industry attributes. The
results are shown in Table 4.

In Panel A, map industries into two groups according to the value-to-weight ratio of
shipments made by plants in our CFS sample. Industries with above median value-to-
weight shipments exhibit a weaker relationship between distance and trade flows. This is
not surprising, as one might expect distance to have a stronger influence on relatively bulky,
low-value commodities. On the other hand, the relationship between trade flows and firm
ownership is stronger for high value-to-weight commodities. The “distance premium” for
above-median value-to-weight commodities is 55 percent. For below-median value-to-weight
commodities, the same “distance premium” is 35 percent.

Panel B compares the relationships between shipment intensity, common ownership, and
distance for above and below median capital intensity industries. The “distance premia” for
above-median and below-median capital intensity industries is 45 percent and 55 percent,
respectively. It is unclear that capital intensity has much bearing on the relative importance
between distance and firm ownership on trade flows.

Panel C probes the determinants of trade flows separately for distributors (mainly whole-
salers, but also some mail-order retail catalogues) and producers (manufacturers and mining
establishments). Bernard et al. (2010) and Ahn, Khandelwal, and Wei (2011), among others,
demonstrate that wholesalers have different exporting patterns compared to manufacturers
and play a special role in facilitating international trade. Consistent with this work, we
find that the domestic shipments of wholesalers and manufacturers/mining establishments
differ as well. First, the shipments of wholesalers are more sensitive to distance, consistent
with the Hillberry and Hummels (2003) characterization of manufacturers and wholesalers

t.lo

belonging to a hub-and-spoke arrangemen Moreover, the relationship between shipment

intensity and common ownership is stronger for wholesalers (see the “Interaction btw. same-

10 According to Hillberry and Hummels, in this hub-and-spoke configuration “[g]oods are manufactured in
the hub and dispersed, sometimes at great distances, to a number of wholesaling spokes spread throughout
the country. The wholesaling spokes then distribute, over very short distances, to retailers.” (p. 1090)
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firm ownership fraction and indicator for wholesalers” term). Comparing the two effects,
the “distance premium” for wholesalers for median-distance i®—z pairs is 35 percent for
wholesalers and 48 percent for establishments in other industries.

Finally, in Panel D, we apply Rauch’s (1999) classification to check whether common
ownership plays a larger role in facilitating physical input flows for goods requiring higher
levels of relationship-specific investments. Rauch classifies manufactured products into three
groups, in ascending order of their relationship specificity: commodities that are traded on
an organized exchange; commodities which are not traded in an organized market, but are
reference priced in trade publications; and commodities which are neither exchange traded
nor reference priced. We find that for differentiated products—those in the last of the three
categories—the slope of the relationship between market shares and the same-firm ownership
fraction is significantly larger than it is for reference-priced commodities or exchange-traded
commodities. The “distance premium” for differentiated products is 52 percent, 38 percent
for reference-priced products, and 45 percent for exchanged-traded products. The larger
distance premium for differentiated products is consistent with Monteverde and Teece (1982),
Masten (1984), and Masten, Meechan, and Snyder (1989, 1991), who posit that the potential
for costly hold up between an input supplier and input customer will tend to be large for
products that are either complex or specific to the customer-supplier relationship.

We close this subsection by examining the relationship between common ownership, dis-
tance, and shipments for the cement industry, a subject of our previous work (Hortacsu and
Syverson, 2007). We estimate Equation 4 (without the distance xsame-firm share interaction
term) for a sample of 343 thousand -z pairs, representing the shipments of approximately
100 cement manufacturers. Our estimate of the distance premium is 21 percent. This rel-
atively low distance premium is largely driven by the sensitivity of trade to distance, as

cement is particularly costly to transport.
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4.3 Quasi-exogenous changes in common ownership

Up to this point, we have refrained from lending a causal interpretation to our regression
estimates. However, firms may be likely to choose to place their establishments based in part

I Recognizing

on the proximity and ownership of the likely destinations for its shipments.!
the potential endogeneity of location and ownership, we seek to identify the causal effect
of ownership on shipment patterns by using instances where firms acquire establishments
for reasons other than the favorability or lack thereof of those establishments’ locations.
Namely, we look at cases where new within-firm vertical links are created when a subset of
establishments experiences a change in ownership incidental to a large multi-establishment
acquisition by its new parent firm. Our hypothesis is that when two multi-industry firms
merge, or when a multi-industry firm purchases multiple establishments from another firm,
those establishments in the secondary and tertiary lines of business of both firms did not
trigger the acquisition, and therefore their locations relative to other establishments in the
acquiring firm are plausibly exogenous. The identifying assumption is that the acquiring
firm’s motivation for the merger was to acquire the establishments in the acquired firm’s
primary lines of business, not so that it could own a peripheral establishment.!?

To give an example, consider an establishment that produces hardwood flooring and
is initially owned by a firm whose primary business segments are in products other than
hardwood flooring. If this firm is then acquired by another whose primary segments are
not involved in the supply of flooring, then it is likely that its acquisition of the flooring

establishment is incidental to the broader merger. The acquiring firm now has an additional

establishment to ship to or from whose distance to other establishments in the firm was

UFirms might also spatially cluster their establishments for other reasons. For instance, Giroud (2013) and
Klanins and Lafontaine (2013) demonstrate that proximity allows a firm’s headquarters to monitor and ac-
quire information from the firm’s other establishments, thereby increasing those establishments’ productivity
and, in turn, profitability.

12Hastings and Gilbert (2005) and Hortagsu and Syverson (2007) use a similar strategy of exploiting within-
firm, cross-market variation following a multiple-market merger to identify the effect of firm boundaries. In
these earlier papers, the dependent variable of interest was the downstream market price rather than the
propensity to ship to a given location, as is the focus here.
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unlikely to be endogenously determined.

We implement this strategy empirically as follows. From the set of establishments that
were part of a merger or acquisition between 2002 and 2007, we define our subset of incidental
merger establishments by identifying establishments which satisfy the following four criteria:
a) both the acquired firm and the acquiring firm contain at least three segments, where a
segment is defined by 3-digit SIC code; b) at least two establishments switch ownership
from the acquiring to the acquired firm;'? ¢) the establishment’s sector is not in one of the
pre-merger firm’s top S segments; d) the establishment’s sector is not in one of the acquiring
firm’s top S segments. Among the 34 thousand establishments in our benchmark sample,
300 satisfy criteria (a)-(d) when S equals 1 (i.e., 300 establishments were acquired and did
not belong to either the acquiring or the acquired firm’s top segment). Slightly fewer than
200 establishments satisfy criteria (a)-(d) for S equal to 3.'* Figure 1 shows the reduction
of number of plants as we include these criteria to create our incidental merger sample.'®

After identifying the incidental mergers in the sample, we construct an instrumental
variable for our same-firm ownership fraction. Our same-firm ownership fraction counts the
number of downstream plants at destination owned by the same firm as the shipping plant,
relative to the total number of downstream plants at destination. For our instrument, the
numerator of the same-firm ownership fraction counts the number of downstream plants
which share ownership with the sending establishment because of an incidental merger.
We use a two-stage control-function based estimator to correct for potential endogeneity.
In the first stage, we use a fixed effect linear regression to regress our endogenous same-
firm ownership fraction on the instrumental variable, in addition to the previously-used

log mileage variable and the sending-establishment fixed effects.'® The residual from this

BFailure of criterion b would suggest that the acquired establishment was targeted specifically by the
acquiring firm, indicating that the merger was not “incidental.”

140f the roughly 203,000 establishments in the LBD universe that changed ownership due to a merger or
acquisition, 11,000 satisfy criteria (a)-(d) for S = 1 and 3000 for S = 3.

15 Additional details are provided in Appendix B.

60ur estimation falls within the class of panel count data models with multiplicative fixed effects (in
our context, one for each establishment in our sample) and endogenous explanatory variables. Since the
endogenous common ownership share variable is restricted to lie between zero and one, ideally we would
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Figure 1: Incidental Merger Sample

3,000

2,000

Number of Establishments

1,000

Notes: Column 1 shows the total number of establishments in our Commodity Flow Survey sample that experienced a merger
and acquisition event from 2002-2007. Among these establishments, column 2 shows the number of plants that were not the
sole target plant by acquiring firm. Then, column 3 shows the number of plants whose pre-merger/acquisition firm and the
acquiring firm both have at least three business segments. Among the establishments present in column 3, column 4 shows the
number of plants that are outside both the pre-merger/acquisition firm’s and the acquiring firm’s top business segment. This
equals the number of establishments in our incidental merger sample for S=1. Column 5 shows the number of plants that are
outside both the pre-merger/acquisition firm’s and acquiring firm’s top 3 business segment. This last column gives the number
of establishments in our incidental merger sample for S=3.

regression is then included as an additional covariate in a second-stage regression, which is a
fixed effect Poisson model as before. In Appendix C, we discuss the underlying assumptions
needed and report the results from our Monte Carlo study on our approach.

Table 5 presents the output of this exercise. Here, the coefficient estimate of the same-
firm ownership fraction is smaller by approximately one-quarter than the estimates in Table
2. (On the other hand, the estimates related to the importance of distance are as before).
Now, increasing the same-firm ownership fraction in the destination zip code by 15% (cor-
responding to adding a single common ownership establishment there) has the same impact
on trade flows as decreasing the distance between origin and destination by 30 percent.

Returning to our case study of cement manufacturers, compared to the 21 percent “dis-

apply a maximum likelihood estimation procedure. This is computational infeasible given our large sample
size, however. We therefore apply ordinary least squares for the first stage. As an alternative to the control
function approach, Woolridge (1997) and Windmeijer (2000) derive the moment conditions for cases with
a linear first stage and a fixed effect Poisson second stage. In an unreported robustness check we have
estimated these moment conditions via GMM estimation. The parameter estimates from this exercise are
similar but have considerably larger standard errors.
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Table 5: Relationship between distance, common ownership, and market shares: control
function estimates

Dependent Variable: %
(1) (2) (3) Baseline OLS
Log Mileage -0.956 -0.955 -0.956 -0.955
(0.003) (0.003) (0.003) (0.003)
Same-firm ownership fraction 2.572 2.791 2.633 3.487
(0.584) (0.291) (0.294) (0.059)
Residual from first the Stage 0.925 0.703 0.861 -
(0.586) (0.296) (0.299) -
First Stage:
Fraction of establishments in z  1.051 1.040 1.032 -
in an incidental merger (0.001) (0.001) (0.001) -
Number of segments 1 2 3 -

Notes: All regressions include sending-establishment fixed effects. The sample includes 174 million i¢-z pairs, drawing on the
shipments made by 34800 establishments. In the final row, “Number of segments” refers to the S we used when identifying
which establishments were part of an incidental merger. In all specifications, we calculate the unweighted multilateral resistance
terms as discussed in footnote 7. The last column reports our baseline results (column 2 from table 2) without attempting to
address potential endogeneity in the same-firm ownership fraction variable.

tance premium” that we computed in the previous subsection, our control-function-based
methodology implies that the an additional same-firm cement-using establishment in the
destination zip code causes an increase in trade flows equal to a 13 percent reduction in

distance.

5 Aggregate Effects

In this section, we apply our estimates on the prevalence of intra-firm shipments and the
relationships among shipment intensity, common ownership, and distance to quantify the
aggregate importance of common ownership. To perform these counterfactuals, we employ
the models of Caliendo and Parro (2015) and Caliendo et al. (2016). An extension of the
model we have laid out in Section 2, these models incorporate input-output linkages across
sectors, multiple primary inputs, and (in the case of Caliendo et al. 2016) labor mobility

across regions. We sketch out the components of this model, below. As above, we will use @
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and z to denote regions. In addition, below, we will use 7 and k to index industries.

There is one meaningful way in which the Caliendo et al. model-—and, consequently, the
model used in this section—does not nest the Eaton, Kortum, and Sotelo (2012)-based model
introduced in Section 2: In this section, we revert to the more conventional representation
of establishments as points on a continuum. As a result, when computing counterfactual
responses to changes in trade costs, the entire response will occur through the intensive
margin: A decline in trade costs will not result in pairs of regions to go from having zero
to positive trade flows. For the goal of this section—computing the welfare effects of coun-
terfactual changes in trade costs—the representation of firms as points on a continuum is a
reasonable approximation.!”

To summarize the Caliendo et al. (2016) model, each region has an initial stock of
land and structures. In Caliendo et al. (2016), each region is one of 50 U.S. States. In
our application, closer to the geographic definition of the earlier parts of this paper, an
individual region represents a either a single MSA (Metropolitan Statistical Area) or a state’s
non-metropolitan portion.'® Consumers within each region work and consume a bundle of

consumption goods produced by different industries. Their preferences are described by a

Cobb-Douglas utility function

J o J )
U; = [[(c))¥ where "¢ =1.
=1 i=1

I7Tn one of their counterfactual exercises, using a single-sector model, Eaton, Kortum, and Sotelo examine
the change in international trade flows which would result from a uniform 10 percent reduction in cross-
border trade costs. They report that ... “World exports rise by 43 percent due to lower trade costs, in line
with results in Eaton, Kortum, and Kramarz (2011)... nearly all of this increased trade occurs within pairs
of countries that were already trading, 99.9984 percent.” (p. 365). On the other hand, when examining
trade across MSAs (instead of countries), separately by industry (instead of aggregating across industries),
the extensive margin will likely play a larger role than in Eaton, Kortum, and Sotelo’s experiment.

8There are two reasons why we apply a geographic classification based on MSAs rather than zip codes.
First, some of the required regional data on employees’ compensation or total gross output do not exist at
the finer level. Second, in computing the counterfactual equilibrium, we must repeatedly solve a system
of (linear) equations of dimension equal to the Z - J, the number of regions multiplied by the number
of industries. This would be computationally challenging, to say the least, with the finer zip-code-based
geographic classification,
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The shares ¢/ parameterize the importance of consumption of commodity 7, with clj rep-
resenting the amount of this good purchased by a consumer in region . Within each region-
industry pair, a continuum intermediate input producers combine (via a Cobb-Douglas pro-
duction function) land and structures, labor, and material inputs to produce. As a function
of their own idiosyncratic productivity and the common productivity of the establishments
in their region-industry, establishments compete to sell to the final good producer, who re-
sides within each destination market; the single intermediate-good-supplying establishment
that is able to deliver the good at price serves the destination. This component of the model
corresponds to the partial equilibrium model discussed in Section 2. Also within each indus-
try and region, final goods producers produce a region-industry specific bundle, combining
the goods that they have purchased from intermediate input suppliers. In Appendix D, in
more detail, we outline the maximization problems faced by consumers, by intermediate
input producers, and by final goods producers. Then, we spell out the market clearing condi-
tions, define the model’s equilibrium, and discuss the model’s solution. Much of the material
in that appendix can be found, in much greater detail, in Caliendo and Parro (2015) and
Caliendo et al. (2016).

Here, we focus on the model’s calibration. Beyond the aforementioned data on same-firm
ownership shares, distance measures, and shipment rates, this exercise requires data parame-
terizing consumers’ preferences for different final consumption goods, industries’ production
functions, regions’ initial labor and capital endowments, and the dispersion in establishments’
fundamental productivity. Note: In this draft, we were unable to use the restricted-use 2007

Commodity Flow Survey to compute, the 7/, and thes’,, the market share and same-firm
ownership shares. For the purposes of this draft only, we apply the Public Use 2012 CFS
(which contains information on shipments across MSAs, but does not contain information
necessary to generate s]m) to compute the market shares. Instead, using our information on

i) the average s/, (which we reported in Section 3), and our regression estimates from Section

4, one can get a rough idea of the aggregate impact of zeroing out the same-firm fraction.
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As such, the results below are highly preliminary.

For the remaining parameters we follow, as much as possible, the calibration procedure
outlined in Caliendo et al. (2016). We adopt an industry classification scheme with 19 trad-
able and 10 non-tradable industries.'? Data from the 2007 BEA Input-Output Table identify
parameters related to sectoral production functions and the representative consumer’s final
preferences: We lety/*—which is the Cobb-Douglas share parameter that parameterizes the
importance of industry k’s commodity as an input for production in sector j—equal the
share of industry j’s expenditures that are spent on purchases of commodity k; 77 (the share
of capital and labor in production) equals the residual share of industry j’s expenditures.
The preference parameter, &7, for industry j is proportional to the industry’s final consump-
tion expenditures. The initial labor endowment, L;, equals MSA i’s total employment as a
share of aggregate employment. These employment figures are taken from the BEA Regional
Accounts. Therefore, the total labor endowment, L, is normalized to 1. We compute the
share of land and structures in value added for MSA 14,3;, following the procedure of Caliendo
et al. (2016).%° Our estimates of §7—which parameterize the dispersion of establishments’
idiosyncratic productivity—are taken from Caliendo and Parro (2015).%!

For the initial and counterfactual trade costs, 77, and 77, respectively, we set

9The tradable industries are Food, Beverages, and Tobacco; Textiles; Apparel and Leather; Paper Prod-
ucts; Printing; Petroleum and Coal Products; Chemical Products; Rubber and Plastic Products; Wood
Products; Nonmetallic Mineral Products; Primary Metals; Fabricated Metal Products; Machinery; Com-
puter and Electronic Products; Electrical Equipment; Transportation Equipment; Furniture; Miscellaneous
Manufacturing; and Wholesaling. The non-tradable industries are Farms, Forestry, and Fishing; Mining and
Utilities; Construction; Retail; Transportation Services; Finance, Insurance, and Real Estate; Information,
and Professional, Business, and Other Services; Health and Education; Arts, Amusement, Accommodation,
and Food Services; and Government.

20 That is, we begin by computing 1— f; as the share of total compensation in MSA i that is paid to labor.
Since the non-labor compensation equals not only payments to land and structures, but also equipment

rentals, we calculate the share of land and structures as §; = B=017 he «0.177 reflects payments to

0.83
equipment. _
21The two tradeable-good industries for Caliendo and Parro (2015) did not estimatef? are Furniture and
Wholesaling. For these industries, and for the non-tradeable good industries, we set 7=5.
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i 91 i a2
T, = 0 log mileage,, ;, + 07 sy » and
Lo a1 , @2
7. 0 log mileage,, ; +k 0 Sy, Where
a1 = 0.95 and ay = —2.60 equal the values given in the final column of Table 2.

Table 6 presents the results from our counterfactual exercises for two values of s, 0 and
10, with the two exercises representing an elimination of common ownership or a 10-fold
increase in the share of same-firm establishments in destination zip codes. An increase trade
costs—due to the elimination of common ownership—Ileads to a decrease in real wages by
0.7 percent, and gross output by 1.2 percent. Relative to the small change in the same-
firm ownership fraction (a reduction from 0.05 percent to 0), these aggregate effects are
substantial. There are two reasons behind this substantial welfare change. First, common
ownership tends to be prevalent for destination-origin pairs which are close to one another,
pairs over which many shipments already occur. Second, increases in trade costs propagate
(via input output linkages) throughout all industries, not only the manufacturing and whole-
sale industries which experience the initial decrease in productivity. In the second column,
we compute the welfare and gross output changes which would occur if common ownership
shares in destination MSAs were ten times their initial value. Welfare increases by 2.8 per-
cent, relative to the initial allocation; gross output increases by 0.8 percent. An implication
is that the marginal welfare gains from common ownership (by reducing transaction costs)
are non-linear, higher for low values of the same-firm ownership fraction. In columns 3 and 4,
corresponding of Caliendo and Parro (2015), we consider an alternate specification in which
labor is immobile across regions and the share of structures and land in production equals
0. Here, counterfactual changes in welfare and gross trade flows are somewhat larger.

Together with the results given in the previous subsection, Table 6 indicates that inter-

firm transaction costs are sizable not only at the individual transaction level, but also rep-
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Table 6: Counterfactual effects of changing the same-firm ownership fraction

Same-firm ownership fraction  0x 10x 0x 10x
Welfare -0.7% 2.8% -0.7% 2.9%
Gross Output -1.2% 0.8% -12% 1.1%
Is labor mobile? Yes  Yes No No

Notes: Welfare, as given in the first row, equals the change in real wages, dlog (%), averaged across all regions 1.
i

resent a sizable hindrance to trade at the aggregate level.

6 Conclusion

Establishments are substantially more likely to ship to destinations that are i) close by and
ii) contain downstream establishments which share ownership with the sender. In this paper,
we have used data on shipments made by tens of thousands of establishments throughout
the manufacturing and wholesale sectors to estimate these relationships between shipment
frequency vs. distance and shipment frequency vs. common ownership. These estimated
relationships indicate that transaction costs are substantial: an extra same-firm downstream
establishment in the destination zip code has roughly the same effect as a 30 percent reduction
in distance. Moreover, a simple multi-sector general equilibrium trade model suggests that
the reduction in trade costs from common ownership are important at an aggregate level:
aggregate welfare would be approximately 0.7 percent lower in a counterfactual environment
in which the “same-firm ownership share” were equal to zero for all destination zip codes.
Quantifying the magnitude and aggregate effects of other benefits associated with com-
mon ownership—beyond the elusion of transaction costs—is an exciting topic for future
research. In an earlier paper (Atalay et al., 2014), we argued that the primary motivation
for common ownership of production chains is to share intangible inputs across establish-
ments, with the mitigation of transaction costs as a secondary concern. However, due to data

limitations, we could only provide circumstantial evidence in favor of the intangible input
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hypothesis.?? Now, thanks to new survey being collected and linked to Census micro data
(Bloom et al., 2013a and Buffington et al., 2016), it is possible to directly quantify the extent
to which profitability-increasing management practices respond to changes in firm bound-
aries, and thus should also be possible evaluate aggregate productivity in counterfactual

environments in which firms’ sharing of intangible managerial inputs is muted.
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A Calculations Related to Section 1

The goal of this appendix is to relate Equations 2 and 3. Beg with 7,;e, the fraction of ship-
ments to zip code z which come from establishment €. As a reminder, to emphasize, these
calculations refer to share of sales of a given product in zip code z that come from different

sending establishments. As in Section 2, we omit commodity or industry superscripts.

@Zie
P,

T e =

Tz’(wz’dzi)_e (1 — Sze + Szie(5zi)_6)
z'Z’:l Zz"eez‘ﬂ’(wi’dzi’>_9(1 — Szi7e + Szi’5(5zi’€)_6))
Seen ST (wid(5,5) Y 5)~0)

ARD SIS S %ﬂ,(wi,dzi,(5zi,)15F(ze7i/e)>—9

Above, the second line follows from the definitions of @, and &.;., while the second
equality follows from the definition of s,;c (which again is the share of establishments in the
destination zip code that share ownership with the sender). Next, we apply the definition of

@Zeie and @Ze :
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close, but not equal, to 1. The ®,c ;. term roughly gives the "expected" trade flows from

Above, the approximation results from the fraction [ } being
establishment code ¢ to establishment z¢ . This expectation varies non-linearly with a) the
distance between establishment i and establishment z¢, and with b) the distance interacted
with an indicator for a within-firm relationship. The approximation comes about because
the average (over all plants, z¢, that are located in zip code z) of the expectation is not equal
to the expectation of the average of the distance, distancexsame-firm-indicator variables. 1.
In the original Eaton, Kortum, and Sotelo formulation, the only variables that shape i-to-z
expected trade flows are the same for all destination-zip-code establishments (as there is no
same-firm indicator which could vary across establishments within a destination zip code).
As a result, in Eaton, Kortum, and Sotelo (2012) there is no need for an approximation. In
our context, the approximation error should be small.

Moving forward, we apply the definition of 7.¢;e, and then use Equation 1 to substitute

out the me;e terms:

35



X,e
X,

T yeje

sz‘e ~ Z
2€€z

XZE Xzeie
= 2 X o [ X.. ]

zeez

X eje ]

B ZE{XZ

z€€z

X e
= E
]

The final expression is equivalent to Equation 3.

B Identifying Incidental Mergers

This section aims to explain both the data and sample generation in more detail. We use
the Longitudinal Business Database (LBD) from the Census Bureau to identify mergers, and
incidental mergers, that occurred between 2002 and 2007. A merger in year ¢ is identified
when a plant whose firm identifier switches from year t to year ¢t+1 and remains in the same
firm from year t+1 to year t+2, and if the acquiring firm was already present in the market
as of year t. We then compute the total number of plants which change ownership between
the acquiring-acquired firm pair in each merger year. From this set of establishments which
participated in a merger, we classify acquired establishments who change hands as part of
an incidental merger using the following procedure. First, if only one establishment changes
ownership, then we presume that the establishment was a target for the acquiring firm.
Thus it should not be classified as being part of an incidental merger. Second, among plants
in multi-establishment transactions, we further exclude (from our set of incidental merger
establishments) plants whose acquiring firm or acquired firm had fewer than three business
segments (a segment referring to a set of establishments belonging to a 3-digit SIC industry).
We rank these business segments by payroll for each firm. From the establishments retained

from the previous, second, step our sample of incidental merger establishments are those
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Figure 2: Incidental Merger Example

Notes: Firms 1 and 2 have multiple segments, with each segment potentially containing multiple establishments. Each estab-
lishment is represented by an individual symbol (e.g., with a car representing an Automotive plant; a plane representing an
Airplane Manufacturer). The three dashed circles, for S € {1, 2,3}, enclose the establishments which are excluded from the set
of incidental merger establishments.

which are not in either the acquiring or acquired firm’s top S segments.

Figure 2 illustrates these criteria for a hypothetical merger between two firms. Within
this figure, there are two firms, where each firm has multiple establishments across multiple
business segments. Each symbol represents a separate establishment in one of seven possi-
ble segments: Automotive Transportation, Airplane Manufacturing, Bicycle Manufacturing,
Ship Manufacturing, Tire Manufacturing, Electric Lighting Manufacturing, and Computer
Manufacturing. Before the merger, the three segments for Firm 1 are Automotive Trans-
portation, Airplane Manufacturing, and Bicycle Manufacturing. For Firm 2, the top seg-
ments are Automotive Manufacturing, Tires, and Airplane Manufacturing. Since both firms
have multiple establishments in more than three segments, a merger of the two firms would
satisfy the first two criteria of the previous paragraph. Depending on the chosen value of
S, the number of plants classified as “incidental” to the merger would vary. With S=1, all
establishments outside of Automotive Manufacturing would be classified as incidental merger
plants. For S=3, Shipbuilding, Electric Lighting, and Computer manufacturers would be

classified as incidental to the merger.
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C Control Function Approach

We explore our control function approach in more detail in this section of the Appendix.
We explain our assumptions for this method and demonstrate effectiveness with a Monte
Carlo simulation. Let 7., be our dependent variable; d,;c an explanatory variable; s.;c an
endogenous explanatory variable; ¢ the index of a sending establishment, an z the index.
There are a large number of sending establishments, but a fixed sets of locations Z.
Consider the following data generating process, a fixed effect Poisson model with endoge-

nous regressor:

Tae ~ Poisson(exp(sieS + dyey + Vie + €44¢))
Szie = dziea + Zye0 + Mie + €Zie

€zie = gziep+¢zie

In the final equationg,;. is independent of ;.. Also, E[exp(¢.;c)] = 1. We also assume
that €, is uncorrelated with ege for s # z and that Elexp(e;c)] = 1. Finally, let ;e denote
our instrument for s,,.. With endogeneity, Cov(s,e, €,:¢) # 0, but Cov(Se, Eye) = 0.

With the goal of examining the performance of the control function estimator that we
use in Section 4 we perform a series of Monet Carlo simulations. In these simulations, we
use the following parameter values:f = 0.04, v = 0.01, « = 0.3, 0 = 2, p = 0.2. With these
parameter values we simulate data 500 sending establishments and Z = 200 destinations,
for a total of 100,000 observations.

Monte Carlo results for 100, 1000, 3000 simulations are reported below in Table 7. In
Panel A, we report the estimation results from a fixed effect Poisson model without address-
ing endogeneity. Panel B uses a two-step control function approach. In the first stage, we
use linear ordinary least square with fixed effect to regress s.;c on d.;c and the instrument

T,e. We then predict s7;e and obtain a residual {;, Adding this residual as a control in the
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Table 7: Counterfactual effects of changing the same-firm ownership fraction
N=100 N=1000 N=3000
Mean S.D. Mean S.D. Mean S.D.
Panel A: xtpoisson, fe (no iv)
6] 0.078 0.018 0.081 0.019 0.080  0.020
y 0.002  0.040 -0.002  0.429 -0.002  0.045

Panel B: xtpoisson, fe (control function)
6] 0.041 0.020 0.041 0.020 0.040 0.021
7y 0.014 0.039 0.010 0.043 0.010 0.045
first stage (xtreg, fe)
o 2.000 0.003 2.000 0.003 2.000 0.003
o 0.300 0.003 0.300  0.003 0.300 0.003

Notes: True values: 8 =0.04, vy =0.01,«a =03, 0 =2, p=0.2

second stage fixed effect poisson model estimation, we are able to recover the true parameter

values.

D Details of the Section 5 Model

In this section, we spell out the model that we used in Section 5 to quantify the aggregate
effects of trade-inhibiting transaction costs. We first describe the maximization problems
faced by each region’s representative consumer, each region-industry’s intermediate good
producing firm, and each region-industry’s final good producing firm. We then present the
market-clearing conditions, and define the competitive equilibrium. Finally, we outline the
algorithm with which one can compute the counterfactual equilibrium. To emphasize, these
models were originally introduced in Caliendo and Parro (2015) and Caliendo et al. (2016).

Each region is home to a representative consumer, who inelastically supplies labor and

has Cobb-Douglas preferences over the goods produced by each industry:

J _ J
U; = [[(c})¥ where Y& =1.
Jj=1 j=1
These preference parameters are identical across regions. Using Pij to refer to the price

39



of final good j in region ¢, and I; = %

L as the per capita income of households in region

1, the indirect utility of households in region 7 equals

I; P]
U, = Pz : and where P, = H ( & )

equals the ideal price index in region %.

Within each region and industry, a continuum of intermediate-good-producing establish-
ments produce using a combination of materials, structures and land, and labor. Individual
establishments have idiosyncratic productivity levels, vg , with the levels drawn from a Frechet
distribution with parameter 7. The production function for the set of establishments in re-

gion 7 and industry j with productivity drawvf is given by

S "
Gl) = o [T7 R EE) AT T (M)
k=1
In this equation, the input choicesh?(-), ¥(-), and M7"(-) of establishments in region
are functions of their idiosyncratic productivity levels. Each establishment in region ¢ rents
structures at (constant) unit price r;, hires labor at constant unit price w;, and purchases
material inputs at constant unit prices PF (for k € 1,2, ..., J). Assuming production functions
exhibit constant returns to scale (so that 47+, 7/*=1), an establishment with idiosyncratic

productivity equal to vf produces constant marginal cost

xj 1 T Bi W; 1-8; ’yj J Pk ,yjk
"  _-wh J = i ‘ ) 71 | _
UZ (Tij)w ; where T [(ﬁz’ﬂ) <(1 — ﬁz) 7]) ] 1;[ lvﬂk] ( )

For each region and industry, there is a perfectly competitive industry of final goods

producers, who combine the output of intermediate input producers purchased from the
continua of establishments from different supplying regions, according to the following pro-

duction function:
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Here, q*{ (Ul] ) equals the intermediate goods purchased from producers that have idiosyn-
cratic productivity vf , & (v7) denotes the joint density function of idiosyncratic productivity
for the idiosyncratic productivity levels of the producers from the Z possible origin regions,
andgl-j equals the elasticity of substitution across intermediate good varieties. The purpose of
introducing these final goods producers is to cleanly characterize the price of an industry’s

output in each region. This price equals the final goods’ producers marginal cost:

1

_J
lqi

[, lrieh] ™ o )

Z
+

Pl =

(2

As in Section 2, each final good producer purchases from the intermediate good supplier
that is able to supply the good at the lowest price. Because competition across intermediate
good suppliers is perfectly competitive, the price paid by the intermediate good supplier
equals the supplier’s marginal cost multiplied by the cost of transporting the good from the
supplier to the destination:

Wil

(v7) = min __Tailz
GO i€{l,.2} | i (TJ‘)W

The transportation cost, 7., potentially varies by industry, and reflects both the distance

z1)
from 7 to z and the share of good-j producing establishments in ¢ which share ownership

with downstream plants in destination z. In the case of non-tradeable goods and services,

Jo_
Ty = O0.

Caliendo et al. show that, if the idiosyncratic productivity is drawn from a Frechet
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distribution, then Equation 8 is equivalent to

. . 171_7' ; y —1/63
P = lr (“;*)] [i BN (Ti‘)“] , (9)

i=1

where the I" (+) is the gamma function.
To complete the description of this model, the market clearing conditions for labor,

structures and land, final goods are given by Equations 10-12, below:s

Z J z J . .

L= 3 U=YY [ e (10
i=1j=1 i=1j=1J Ry
J J A A

H, = Y H] = Z/ k] (v) ¢l (v)dv for i € 1,2,...,Z (11)
j=1 j=1vRy

S

I
5
Q.
_l’_
M~
<

F=Li-d+>Y | M@ el(v)dvtoricl,2,..,Z (12)
k=1

—_

Use X7 denote total expenditures on commodity j in region z. In equilibrium, aggregate

trade balance for each region, z is given by:*

zZ J
SNl X! = ZZ?TJX] for € 1,2,..,Z . (13)

i=1j=1 =1 j=1

One of the key differences between Caliendo and Parro (2015) and Caliendo et al.

(2016)—the two papers upon which we build—relates to the treatment of primary inputs.

23 A simplification we make, here, is to impose balanced trade across regions. As Caliendo et al. (2016)
document, in reality, within the United States trade imbalance is prevalent. Certain regions—such as Indiana
and Wisconsin—run substantial trade surpluses, while others—including Florida and Georgia—have large
trade deficits. To rationalize these trade imbalances, Caliendo et al. (2016) assume that, while some fraction
of a state’s land and structures are owned locally, the remainder are owned nationally. States with a deficit
are able to finance their consumption because they own a relatively large share of the national portfolio of
structures. To match the trade imbalances, then, Caliendo et al. define state total income (which will equal
total final consumption expenditures) to be equal to the sum of the state’s trade imbalances (as recorded
in the Commodity Flow Survey) and the state’s value added (as recorded by the BEA). With our finer
definition of areas, this procedure unfortunately results in negative income for certain MSAs (principally
those which send large volumes of refined petroleum to other areas, such as Lake Charles, Louisiana). So,
instead, we assume that all structures and land are owned locally and, correspondingly and counterfactually,
that trade across regions is balanced.
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In Caliendo et al. (2016), consumers are allowed to costlessly migrate across regions. As
a result, utility is equalized across regions: U; = % = U for all i. Differently, in Caliendo
and Parro (2015) labor is completely immobile. There is some initial exogenously given
allocation of labor across regions, which does not respond to changes in trade costs or tech-
nology. Also in Caliendo and Parro (2015), labor is the sole primary factor of production:
B; = 0. Below, we will apply these two alternate, diametrically opposed, specifications for
our counterfactual exercises.

Having specified the consumers’ and producers’ maximization problems and the market-
clearing conditions, we now define a competitive equilibrium. This definition is taken almost
directly from Caliendo et al. (2016): Given factor supplies, L and H;, a competitive equilib-
rium for this economy is given by a set of factor prices in each region {r;,w;}; a set of labor
allocations, structure and land allocations, final good expenditures, consumption of final

goods per person, and final goods prices {Lf , Hij X7, P } for each industry and region; a

R R )

set of pairwise sectoral material use in every region M;"; and pairwise regional intermediate

J.
z1)

expenditure shares in every sector,7?;; such that i) the optimization conditions for consumers
and intermediate and final goods producers hold; all markets clear (Equation 10-12); ii) ag-
gregate trade is balanced (Equation 13); iii) and utility is equalized across regions. Condition
iii) is omitted in the specification with immobile labor.

Next, we outline the algorithm presented in Caliendo and Parro (2015) and Caliendo
et al. (2016) to compute the change in equilibrium trade flows and aggregate welfare in
response to a change in trade costs. As in those earlier papers, we will use Y’ to refer to

the counterfactual value of an arbitrary variable Y, and Y = Y7/ to refer to the change in

variable Y.
« Step 1: Guess an initial vector of costs for the primary input (labor and land /structures)

N\ Bi N\ 1-8i . . . . ~ ~ ~
bundle: Call w; = (%) (1”“_”—231) the primary input unit price and &= (&,,...007) the

vector of changes in the primary input prices.

o Step 2: Given this guess for the primary input bundles’ cost changes, compute the
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changes in the costs of each industry-regions input cost bundles, and the final good

prices in each industry-region using Equations 7 and 9:

o Step 3: Given changes in the costs of industry-regions input cost bundles and prices

for industry-regions final good, compute the changes in the trade shares.

The changes in trade shares are given by

e Step 4: Labor mobility condition:

In the specification with immobile labor, L; =1 for all regions 7. If, instead, we follow
the Caliendo et al. (2016) algorithm, changes in the labor force of each region are given

by:

IA/' _ (%)1/& L. where ﬁ = Z& (CDZ> (ﬁ )1_&
L) T

« Step 5: Regional-market clearing in final goods.

z

, ' . 1o, J z
(X)) = o, (L) 77 LL+ 3049 3 () (X))
k=1 =1

This equation states shipments of commodity j can either be consumed (the first sum-

mand on the right hand side) or used as a material input (the second summand).**

A\ 18 ~ \ B
24Regarding the first summand, note that &, (LZ) I,L, equals @, (LZ) I.L,. Also note that inter-

o A\ Be
mediate good producers cost-minimizing choices of land/structures and labor implies that I, = @, (IL{Z> .

A

1_52
Since the stock of land/structures is fixed within each region, @, (Lz) I.L, equals I.L’,.
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To update our initial guess of costs for the primary input bundle, we need one additional
market clearing condition. Caliendo and Parro (2015) and Caliendo et al. (2016) use different

market clearing conditions.

« Step 6: Trade balance (used in Caliendo and Parro, 2015):

> (L (X (14)

1j=1

> (LX), =

1j=1 i

Z
1=

Z

o Step 6": Labor-market clearing (used in Caliendo et al., 2016):

A

1-8, I , :
& (L) (L) = 7 X (L (X (15)

1

z
=
This condition states that the payments to region z’s structures/land and labor after
the change in trade costs (given on the left hand side) equal the value of the shipments

sent to all other regions.

Since the trade shares (the 7s), changes in each region’s labor force (the Ls), and the
shipments of different commodities from different regions (the X's) are each functions
of the @ vector, failure of Equation 14 or 15 imply that our guess of W needs to be

updated.

The algorithm follows steps 2-6 until Equation 14 holds (when working through the case with

immobile labor) or Equation 15 holds (when working through the case with mobile labor).
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