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Abstract
Using the universe of large Canadian manufacturing firms in 1988 and 1996, we investigate to what
extent outsourcing patterns concord with the predictions of a simple property rights model. The
unique availability of disaggregate information on outputs as well as inputs permits the construction
of a detailed measure of vertical integration. We rely on five measures of technological intensity to
proxy for investments that are likely to be specific to a buyer–seller relationship. A theoretical model
that allows for varying degrees of investment specificity and interrelatedness—externalities between
buyer and supplier investments—guides the analysis. Property rights predictions on the link between
investment intensities and optimal ownership are strongly supported, but only for transactions with
low interrelatedness. High specificity and low risk of appropriation strengthen the predictions in the
model and in the data. (JEL: L14, D23)

1. Introduction

The property rights theory of the firm (PRT) has become a popular model to study
the optimal ownership structure in theoretical settings.1 The abstract of Grossman and
Hart (1986) highlights the following key prediction: “Firm 1 purchases firm 2 when
firm 1’s control increases the productivity of its management more than the loss of
control decreases the productivity of firm 2’s management.” This focus on the relative
impact of both firms’ actions as a crucial dimension of a relationship distinguishes the
PRT from other approaches.

Testing this prediction is difficult because in a cross-section of firms one does
not know whether an integrated firm was formed by the buyer or supplier taking
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control. One solution is to study situations where the direction of integration is known.2

Woodruff (2002) argues that in the made-to-order Mexican footwear industry retailers
will not integrate backwards into production. In that case, both the higher incidence
of integration in segments where producers invest more in product quality and variety,
and the lower incidence of integration in segments where retailers need to invest more
to learn consumers’ tastes, are consistent with the PRT. Similarly, Feenstra and Hanson
(2005) assume that local producers will not acquire their foreign joint venture partners
in the Chinese export processing sector to explain the division of work within firms.

Acemoglu, Aghion, Griffith, and Zilibotti (2010) (henceforth AAGZ) do not make
any upfront assumption on the direction of integration in UK manufacturing. They find
a positive association between buyer R&D intensity and integration, and a negative
association between supplier R&D and integration. Both effects are consistent with
the PRT prediction if backward integration is empirically most relevant: integration
enhances investment incentives for the owner (buyer), but weakens them for the
subsidiary (supplier).

We make two contributions to this line of work. First, we augment the empirical
specification with the square of the difference between the buyer and supplier
investments. That is, we directly test the effect of the relative investment intensity
on integration. The PRT predicts that the square or the absolute value of this measure
has the same effect on forward or backward integration. Second, we show that in our
sample of Canadian manufacturing firms, the key PRT prediction is only supported
for industry pairs that use technologies which are not strongly interrelated. Results
are robust using two interrelatedness measures: the correlation in adoption rates of
advanced technologies for the buyer and supplier industries or the overlap in inputs
used by the two industries.

Our principal finding is that greater asymmetry between the investment intensities
is indeed associated with integration, in line with the PRT, but only for transactions with
sufficiently unrelated technologies. In situations where supplier investment dominates
buyer investment, we expect the relevant trade-off to be between forward integration
and outsourcing. Integration should improve the investment incentives for the supplier.
The estimates indicate that in this case higher supplier investment does raise the
probability of integration. In the opposite situation, if buyer investment dominates and
backward integration is likely to be the relevant alternative, higher supplier investment
is associated with a higher probability of outsourcing. The opposite effect of the
same marginal increase of one firm’s investment depending on whether the buyer or
supplier investment dominates is especially apparent in the fully flexible nonparametric
estimation.

The empirical analysis uses a rich data set containing all large Canadian
manufacturing firms. The main pattern is robust using five different proxies for assets
that should accompany unobservable specific investments. In addition to the R&D
intensity and the capital–labor ratio used in AAGZ, we observe the use of advanced

2. An alternative approach would be to study takeovers directly (Weiss 1992).



Lileeva and Van Biesebroeck Outsourcing with Specific and Interrelated Investments 873

technology, frequency of innovative activities, and importance of human capital. The
product-level information allows us to determine directly whether any of a firm’s inputs
are listed as output by a plant owned by the same firm. Hence, we do not need to rely
on input–output tables to construct an outsourcing measure as in AAGZ.

As mentioned, support for the PRT disappears for transactions between industries
with sufficiently similar technology. To illustrate this mechanism, we augment
the model in AAGZ with an “interrelatedness” externality—the possibility that
higher investment by one firm boosts the marginal productivity of the other firm’s
investment.3 The theory illustrates how such interrelatedness can obfuscate the usual
PRT relationship between outsourcing and specific investments. At low levels it raises
the probability of integration, but sufficiently strong interrelation between two firms’
investments makes integration always suboptimal even if investment intensities are
very asymmetric. Our empirical findings are consistent with these predictions.

It is not surprising that the PRT prediction does not hold everywhere. The theory
hinges on the specificity of investments, but other characteristics should not be ignored.
For example, Brynjolfsson et al. (1994) and Abramovsky and Griffith (2006) have
shown that ICT investments influence the way firms are operated as well as their
potential for specialization. Baker and Hubbard (2003) study technology adoption
in the trucking industry and show that on-board computers influence the efficiency of
resource allocation, in addition to any incentive effects. All these technological features
also influence the optimal ownership structure and could swamp PRT considerations.

Two previous theoretical studies have looked at the importance of interrelated
investments for optimal ownership arrangements. Che and Hausch (1999) show that
when committing not to renegotiate is impossible, contracts are without value when
investments are “cooperative”, in their terminology, making the PRT framework
particularly appropriate. Nöoldeke and Schmidt (1998) show that for “complementary”
but sequential investments, unconditional ownership structures can never achieve the
first best, but more sophisticated contracts such as ownership options can, even without
ruling out renegotiation.

Roberts (2004, p. 218) has suggested that the interrelatedness of investments of
different firms could serve as a theory of the firm as it makes coordination more
important, but we have not seen this modeled explicitly.4 Novak and Stern (2009)
illustrate that outsourcing decisions themselves can involve an externality. Their
evidence for the automotive industry shows that the choice to outsource one component
reinforces the probability of outsourcing other components as well. Mechanisms
they suggest are the interdependence of coordination efforts or the need to disclose
proprietary information.

3. In the PRT literature, Hart and Moore (1990) call investments “perfectly complementary” if they
become unproductive when separated from the human capital of the investor. In our terminology, these
investments are “impossible to appropriate” and we also find that they increase the likelihood of integration.
To avoid confusion with the externality between investments of two different divisions, we call those
“interrelated” investments.
4. Lindbeck and Snower (2003) contains similar ideas, but they focus on economies of scale and scope
within a single production factor.
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Lafontaine and Slade (2007) have pointed out that many empirical studies do not
distinguish between transaction cost and property rights models and interpret tests
of one as tests of both.5 They further show that PRT predictions often coincide with
those of principal–agent models that feature unobservable actions and moral hazard.
More nuanced PRT predictions readily differ from those of transaction cost models, as
shown by Whinston (2003), or from principal–agent models, see Holmstrom (1999).
Rather than test between these three broad classes of models, that each spawned
huge literatures, we focus on the relative impact of investments of two firms on the
outsourcing probability. This particular dimension of a relationship is crucial to the
PRT, but less important in the other literatures.

The remainder of the paper is organized as follows. The data are described in
Section 2, followed by some initial results on the key PRT prediction in Section 3.
Section 4 then outlines a simple bilateral trading model where we show how
interrelatedness between investments of buyers and suppliers interferes with the usual
PRT predictions. Results from the full empirical specification with robustness checks
are discussed in Section 5, with additional results for a nonparametric specification
relegated to the Online Appendix. Lessons from the analysis are summarized at the
end.

2. Data and Measurement

2.1. Outsourcing

The dependent variable in our analysis is an outsourcing dummy, constructed from
plant-level information on inputs, outputs, and firm identifiers to link plants under
common ownership. The Canadian Annual Survey of Manufactures (ASM) has detailed
commodity information on input use and outputs using approximately the six-digit
level of Canadian Standard Classifications of Goods (SCG).6 This information was
only collected for larger plants which received an extended survey questionnaire.
The sample includes approximately half of all plants and accounts for about 85% of
shipments in each year. We use the 1988 and 1996 data.

The recorded input purchases do not distinguish between transactions within a firm
and with independent suppliers. A binary outsourcing variable is defined as follows.
Input j is considered outsourced if it is purchased by any plant owned by firm f , while
none of its plants list it as an output. If we observe positive output of commodity j at

5. The studies by Woodruff (2002) and AAGZ discussed earlier are two exceptions. Both indicate that
their findings are consistent with the PRT, but not with transaction cost economics which would predict
greater asset specificity to make integration more likely, irrespective of which firm is making the specific
investments.
6. The ASM is the yearly census of all manufacturing establishments in Canada, subject to a size
threshold. It is the Canadian equivalent of the Longitudinal Research Database maintained by the US
Census Bureau.
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TABLE 1. Summary statistics.

Obs. Mean St. Dev.

OUTS 50404 0.919 0.273
Transaction characteristics
Input similarity 50404 0.573 0.241
Technology similarity 45385 0.587 0.290
Cost share 50404 0.125 0.226
Rauch 38451 0.442 0.497
Fraction 38451 0.073 0.189
log (Buy- Supp)COM 38451 1.656 1.464
Investment intensities (industry level)
X B

K/L 50404 3.614 1.548
X S

K/L 50404 3.858 1.749
(X B − X S)2

K/L 50404 4.534 7.785
X B

skill 50404 0.451 0.117
X S

skill 50404 0.485 0.121
(X B − X S)2

skill 50404 0.014 0.021
X B

R&D 50404 0.361 0.225
X S

R&D 50404 0.410 0.206
(X B − X S)2

R&D 50404 0.066 0.112
X B

tech 50404 1.737 1.242
X S

tech 50404 2.128 1.168
(X B − X S)2

tech 50404 2.439 4.081
X B

innov 50404 0.273 0.200
X S

innov 50404 0.374 0.214
(X B − X S)2

innov 50404 0.066 0.112
Controls
Size 50404 2.073 1.687
Age 50404 0.271 0.471
Productivity 50404 0.544 0.608
Non-production workers 50404 0.018 0.156
Multiplant dummy 50404 0.497 0.500
Complexity (industry-level) 50404 3.998 0.408

any of firm f ’s plants, the outsourcing dummy is zero:7

OUTS fj =
{

0 if input j is produced by at least one plant owned by firm f ,
1 if input j is not produced by any plant owned by firm f .

Each “firm–input commodity” or buyer–supplier combination f j constitutes a
separate observation in the analysis. We observe 13,310 firms over the two years and
the average firm uses 4.69 commodity inputs. The total number of observations is the
product of these two numbers. Limiting the sample to observations with nonmissing
data for all variables gives 50,404 firm–input observations. Summary statistics for all
variables are in Table 1.

7. Alternatively, we have coded the input as outsourced if the firm’s recorded use of j exceeded its total
output of j . In virtually all cases both approaches give the same result.
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This definition of outsourcing is similar to the one used by AAGZ, only they
construct a vertical integration dummy—the inverse of our outsourcing dummy—using
the UK input–output table at the industry level. For each output industry in which a
firm has an active plant, the input-output table lists the set of all input industries. In
principle, a firm may own a plant in any of these input industries.8 Because this set of
potential input industries is large, outsourcing is extremely common: the average of
OUTS j f is 0.99 for AAGZ against 0.92 for us. The input-value weighted average is
even lower in our sample, suggesting that firms are less likely to outsource inputs that
constitute a larger share of costs.

2.2. Technological Intensity

The main determinant of the outsourcing probability in the PRT is the relative impact
of buyer and supplier specific investments on joint production. AAGZ note that
the investment must “require tacit knowledge or human capital” so that “decision
rights over these investments cannot be transferred between the two parties.” Their
preferred measure of specific investments is industry-level R&D intensity. Physical
capital intensity, which is less skewed both within and between industries, is used as
a robustness check.

We use two comparable measures and add three more: skill intensity,
innovativeness, and technology use. All technology intensities are constructed at the
industry level, as in AAGZ, and mapped to the firm–commodity observations using
commodity–industry concordance tables from Statistics Canada.9

Skill intensity is constructed as the fraction of employees in an industry that attain
some post-secondary education, weighted by hours worked. Capital intensity in our
case is defined as the logarithm of the capital stock per hour worked. The measures
of R&D, innovativeness, and technology adoption are constructed from information
collected through the 1993 Survey of Innovation and Advanced Technology, conducted
by Statistics Canada for a representative sample of large plants (Baldwin and Hanel
2003). R&D intensity is the average frequency that plants report to engage in R&D
on an ongoing basis. Innovation intensity is the frequency that product or process
innovations are introduced during the survey period. Technology use is measured by
the average number of advanced technologies that the plant uses (from a list of 22
possible technologies).

8. Hortaçsu and Syverson (2006) construct a similar integration dummy using the US input–output table,
but only include supplier–buyer industry pairs if they represent at least 5% of each others’ output or input.
Using commodity flow surveys they show that the fraction of the output of upstream plants in integrated
firms that is shipped to internal downstream plants is surprisingly small.
9. The nature of the data does not allow the construction of firm-level technology measures for suppliers.
While we could use firm-level measures for buyers for the R&D, innovativeness, and technology use
proxies, it would reduce the sample by a factor of ten. An advantage of using industry-level over firm-
level measures is that they average over firms with different integration strategies, providing an average
characterization of investments for each industry.
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Two concerns arise with these proxies for the relative impact of each firm’s specific
investment on joint production. First, are they really relationship specific? Here it is
important to point out that we do not consider these measures to represent specific
investments in their own right. Rather, we expect them to be associated with and
accompanied by other unobservable investments which are specific. Industries with
highly skilled workers or that perform a lot of innovation and R&D are likely to also
require investment in tacit knowledge which is specific to individual applications and
transactions. Similarly, operating new technologies or new capital equipment optimally
requires a lot of fine tuning and customization. Correlation statistics between the
different measures of technological intensity tend to be low, see Table D.1 in the
Online Appendix. If they all have similar effects on the outsourcing probability it
suggests that they are related to a common unobservable. Robustness checks that
condition on additional proxies for specificity are reported in the online Appendix as
well.

A second potential concern is whether these proxies are comparable across
industries to measure relative investment importance? They are all constructed from
comparable information for all industries, and defined such that their absolute levels are
meaningful—for example, the fraction of innovative firms in an industry, the fraction
of employees with higher education, and so forth. The sample averages in the buyer
and supplier industries are extremely similar for all measures. A robustness check with
buyer fixed effects, such that identification comes from comparing across different
inputs for one firm, gives comparable results.

2.3. Interrelatedness of Investments

The interrelatedness of buyer and supplier investments plays an important role in our
augmented PRT model and in the empirical work. Technological spillovers are more
likely between firms that use similar production technologies, which we measure in
two ways.

The most direct measure uses the plant-level adoption rates for 22 advanced
technologies from the 1993 Survey of Innovation and Advanced Technology. Each of
the 2,171 surveyed plants is placed in an Input–Output industry based on its four-digit
SIC code. For each industry, we calculate average adoption rates for all technologies
using the observed plants. The correlation of this vector between all industry pairs
is the first measure, called “technology similarity”. It ranges from about –0.3 to 1.0,
with an average of 0.59. Because of the limited sample, some of the cells in the
supplier-by-buyer industry matrix are empty, resulting in missing values for 13% of
the observations in the sample.

A second proxy for the investment interrelatedness is the overlap in the set of
input commodities used to produce both the core output of the buyer f and the input
j—that is, the supplier’s output.10 If the overlap is large, specific investments to

10. The variable is constructed as follows. The most detailed Input–Output table gives for each of 243
industries the input requirements in terms of 476 input commodities. For each input commodity j and core
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customize inputs or to improve the production process might also boost the marginal
product of investments by the counterparty. If buyers and suppliers share inputs, it is
also more likely that their processes or equipment have to be compatible, requiring
matching investments by both parties to reap full benefits. The mean value for this
“input similarity” variable is 0.573: on average, 57% of inputs used in production of
the core output are also used in the production of the input. This measure is construct
using information from all plants in the sample and is never missing.

The correlation between the two similarity measures is 0.60. Table D.2 in the
Online Appendix demonstrates that input use and technology adoption are indeed
related. We identified for each firm the input accounting for the highest input share
from a list of 476 commodities. For the vector of 22 technologies in the Survey of
Innovation and Advanced Technology for each plant, we calculate the correlation
between actual adoption decisions and two vectors of average adoption rates, one for
plants with the same principal input and one for all other plants. The correlation is
always positive for “same input” plants, often quite large, and highly significant in
almost all cases. Plants that use similar inputs tend to adopt similar technologies.

3. Support for the PRT Model: Initial Results

We start the analysis by replicating a key result from AAGZ using the sample of
Canadian firms and our five different proxies for the importance of specific investments.
Their estimating equation (4.1) takes the following form:

OUTSfj = βB X B
i + βS X S

j + Controls fj + εfj. (1)

Because our dependent variable (outsourcing) is almost the same as one minus
the dependent variable in AAGZ (vertical integration), the signs of the explanatory
variables are switched when comparing results.

Control variables in the regression include characteristics of the buyer’s production
process—the share of nonproduction workers, total number of inputs used in the
firm’s core output (complexity), and labor productivity (value added per worker)—and
other buyer controls such as age (time since start-up for the oldest plant) and size
(log employment over all plants). The averages of age and size for the buyer and
supplier industries are also included to control for the predictions in Stigler (1951)
that outsourcing increases as industries mature and grow in size. Furthermore, the
PRT predictions only apply if the input j is sufficiently important. We include the
cost-share as a control and the estimates confirm that outsourcing is dominant at low
levels.11

output i we know the producing industry, and hence the set of required input commodities. If Ni is the set
of inputs needed to produce output i , and N j,i the subset of inputs also used in the production of input j ,
the input overlap is defined as N j,i/Ni ∈ (0, 1).
11. Results in AAGZ further indicate that the impact of investments on outsourcing is increasing in the
cost-share.
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TABLE 2. Effects of buyer and supplier technology intensity on the outsourcing probability.

(a) Replication of results in Acemoglu, et al. (2010)

Dependent variable is firm-input outsourcing indicator

X = Skill Innovation R&D Tech. use Capital
(1) (2) (3) (4) (5)

Buyer Technology Intensity (XB) − 1.362*** − 0.456** 0.140 − 0.061** − 0.044*

(0.368) (0.223) (0.222) (0.026) (0.024)
Supplier Technology Intensity (XS) 2.324*** 1.274*** 0.848*** 0.126*** 0.030*

(0.321) (0.194) (0.155) (0.028) (0.016)
Observations 50404 50404 50404 50404 50404
log likelihood −12452 −12268 −12413 −12481 −12665

(b) Introducing the difference in technology intensity

Buyer Technology Intensity (XB) − 1.367*** − 0.522** 0.106 − 0.073** − 0.019
(0.419) (0.241) (0.229) (0.031) (0.031)

Supplier Technology Intensity (XS) 2.062*** 1.207*** 0.736*** 0.113*** 0.033*

(0.329) (0.201) (0.174) (0.026) (0.017)
(XB −XS2) 8.901*** 0.878** 1.081*** 0.028*** 0.027***

(2.303) (0.350) (0.417) (0.009) (0.007)
Observations 50404 50404 50404 50404 50404
log likelihood −12341 −12239 −12370 −12429 −12492

Notes: Coefficient estimates from Probit estimations pooling two years (1988 and 1996), standard errors clustered
at the most detailed industry level are in brackets. Results in each column use a different measure of technology
intensity (indicated at the top). Controls included are firm age, size, productivity, share of nonproduction workers,
complexity, cost-share, input overlap, and a 1996 dummy.
***Significant at the 1% level, **5%, *10%.

The top panel of Table 2 contains the probit coefficient estimates for the two
variables of interest in equation (1): the importance of buyer (βB) and supplier (βS)
investment intensities.12 Most estimates are highly significant and, with the exception
of the R&D column, we find the same signs as AAGZ. Investment intensities of both
firms have opposite effects on the probability of outsourcing: negative for buyers and
positive for suppliers.

Each of the five columns uses a different measure of technological intensity. The
coefficients are smallest and least significant if the investment intensity is measured
by the capital–labor ratio. Of the five measures, physical capital is arguably least
likely to be associated with asset specificity and the risk of hold-up. It is intuitive that
the results are strongest for skills and innovation, as these are most likely to require
tacit, nontransferable knowledge. The results are consistent with the trade-off between
buyer integration and outsourcing in the PRT. If the marginal productivity of supplier
investment is low, the optimal ownership structure will be integration with the buyer
in control to give him optimal investment incentives. In the data, low values of X S will
coincide with zero values for the dependent variable as buyer f will satisfy demand for
input j internally. If the technology intensity of the supplier industry is increased while

12. Estimates of the control variables are robust across specifications and available on request.
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FIGURE 1. Optimal ownership structure without investment externalities. On the horizontal axis is
the (log) ratio of the marginal effects of both firms’ investments on the joint surplus: log (αB/αS) in
the theory or the difference in log-investment intensities (X B − X S) in the empirical analysis. The
solid or dashes lines partition the parameter space into three optimal sourcing areas for two different
values for the parameter that determines the ease of appropriation of investments.

holding firm f ’s technology intensity constant, optimal sourcing will at some point
switch from internal production to outsourcing. Greater importance of the supplier’s
investment makes her underinvestment under buyer integration increasingly costly
for joint surplus production. This effect is reflected in the positive β̂S estimates. The
reverse is true for the buyer: the likelihood of outsourcing input j declines if the buyer’s
specific investment is more important, namely β̂B < 0.

Figure 1 illustrates this intuition. On the horizontal axis is the technological
intensity of the buyer relative to that of the supplier. The vertical axis measures
the inverse of the investment specificity. The parameter space is then partitioned into
three areas that differ in optimal sourcing: outsourcing (O), buyer integration (BI),
or supplier integration (SI). Different assumptions on the ease of appropriation of the
subsidiary’s investment by the owner of the integrated firm lead to different partitioning
(solid or dashed lines).

Moving horizontally to the right in Figure 1–that is, making buyer investments
relatively more important—eventually makes buyer integration preferable to
outsourcing. The border between the BI and O regions slopes upward, as outsourcing
will be more attractive if investments are less specific.13 This pattern is mirrored on
the left side, where a higher value of supplier investment eventually makes supplier
integration dominate outsourcing. Again, the threshold where this happens will be
higher if investments are less specific. For extremely specific investments outsourcing
will never be optimal. Given the importance of outsourcing in the data, we follow
AAGZ by limiting attention to the parameter space where this does not occur.

The estimates of β̂B < 0 and β̂S > 0 in panel (a) of Table 2 are thus consistent
with the trade-off between buyer integration and outsourcing. They are supportive of

13. If it is harder to appropriate investments holding the level of specificity constant (λ falls), the dividing
lines between the areas in Figure 1 rotate and shift upward because underinvestment under integration is
less of a problem.
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the PRT if integration gives control to the buyer. AAGZ argue that supplier integration
is not common in the manufacturing sector and that the relevant empirical margin is
between buyer integration and outsourcing.

In the data, we only observe whether an input is produced internally or outsourced
and we cannot distinguish between the supplier and buyer forms of integration. A
higher value of X S conditional on X B represents a movement to the left in Figure 1.
This will make outsourcing more attractive if the relevant decision margin is between
BI and O, on the right half. Note, however, that when X S becomes sufficiently important
it might become optimal to put the supplier in control of the integrated firm. If supplier
investments dominate, a similar increase in X S makes integration more attractive, as
the relevant margin is supplier integration or outsourcing. Investments of both firms
will have opposite effects on the outsourcing decision, but the signs of both effects
will be different on either side of Figure 1. In particular, if supplier integration were
the relevant form of integration, we would expect to find βS < 0 and βB > 0.

As a result, the signs on the investment intensity coefficients in equation (1) is
indeterminate if supplier integration is also possible. To incorporate the possibility
of both forms of integration, we have to make the impact of each firm’s technology
intensity on outsourcing a function of the other firm’s intensity. The simplest such
specification is

OUTSfj = βB X B
i + βS X S

j + δ
(
X B

i − X S
j

)2 + Controls fj + εfj. (2)

The squared difference between buyer and supplier intensity is added to explicitly
measure the investment asymmetry.

The marginal impact of buyer and supplier investments on outsourcing now
become βB + 2δ(X B

i − X S
j ) and βS − 2δ(X B

i − X S
j ), respectively. If both industries

have similar intensities, both forms of integration are possible and the β coefficients on
the uninteracted investments will determine the impact on the outsourcing probability.
Starting from such a situation, a marginal increase in the technological intensity of the
buyer should make buyer integration more likely, leading to a prediction of βB < 0, as
before. Similar reasoning for the supplier leads to the prediction that βS < 0, different
from before.

If the investments of the two firms are sufficiently asymmetric, the second term in
the marginal effects will dominate. The PRT predicts that δ < 0: outsourcing is less
likely for two industries that differ a lot in investment intensity. Putting the firm with
dominant investments in control of the integrated firm boosts its investment incentive,
while the underinvestment of the subsidiary that it causes is relatively less costly. This
could be considered the fundamental PRT prediction and we estimate the δ parameter
directly.

For transactions with highly asymmetric investments, the most likely form of
integration is clear. While the marginal effect of X B on outsourcing is always
βB + 2δ(X B

i − X S
j ), it will be negative if X B � X S and δ < 0, consistent with a

negative effect on the outsourcing probability if buyer integration is the relative
alternative. For the same parameter values, the marginal effect of X B is positive
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if X B � X S , now consistent with a positive effect on the outsourcing probability
if supplier integration is the relevant alternative. The negative coefficient on the
squared difference term leads to opposite signs on each firm’s marginal investment
effects at opposite sides of Figure 1, where alternative forms of integration are
relevant.

The results in panel (b) of Table 2 do not agree with the theoretical prediction
for the augmented equation (2). The coefficients on the squared difference term are
positive for each technology measure. All coefficients are estimated precisely with
t-statistics ranging from 2.51 to 3.86, with clustered standard errors. It suggests
that trading relationships between firms in industries of vastly different technological
intensity are more likely to be organized as outsourcing relationships than occurring
within integrated firms. In contrast, the PRT predicts that it would be optimal
in such a situation to integrate the firm to give the owner better investment
incentives.

It could be that the technology intensities are not adequately capturing specific
investments, but the results are remarkably robust across all five proxies. They also
remain if we focus on transactions more likely to involve specific assets—that is,
for differentiated products and for input purchases that represent a high fraction of
Canadian production.

The results change markedly, however, if we interact the difference term with a
proxy for the interrelatedness of the two industries’ investments. Using either the input
or technology similarity measures for the two industries, we find that the uninteracted
quadratic term is always estimated negatively and statistically significant in most cases.
These results are in Table 3. Before discussing them in detail we introduce a model
that will guide the interpretation.

4. Model

Consider a bilateral trade setting between a buyer (B) who purchases an input from
a supplier (S). Both firms can make unobservable, noncontractible investments (x)
that raise the value produced within the relationship, for example, by investing in
relationship-specific assets or customizing an input. The joint surplus created in the
relationship takes the following form:

F(xB, xS) = αB xB + αSxS + ρxB xS. (3)

Each investment has two effects on the surplus: a direct effect, αB or αS , and an
indirect effect, ρ. The indirect effect represents an externality that distinguishes our
model from the standard model in Whinston (2003) or AAGZ. The marginal value of
each firm’s investment is increased if the other firm invests more (∂2 F/∂xB∂xS > 0).
This externality is independent of the organizational form.

We assume that a generic input can be produced at zero cost or without any
relationship-specific assets. The costs of the specific investments for both parties are
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TABLE 3. Effects of technology intensity on the outsourcing probability, conditioning on the
interrelatedness of investments.

(a) Interaction with input similarity

Dependent variable is firm-input outsourcing indicator

X = Skill Innovation R&D Tech. use Capital
(1) (2) (3) (4) (5)

Input similarity − 1.617*** − 1.654*** − 1.712*** − 1.645*** − 1.524***

(0.194) (0.198) (0.199) (0.204) (0.191)
Buyer Technology Intensity (XB) − 0.969** − 0.545** 0.074 − 0.077** − 0.003

(0.397) (0.231) (0.219) (0.030) (0.029)
Supplier Technology Intensity (XS) 1.569*** 1.197*** 0.745*** 0.120*** 0.021

(0.285) (0.190) (0.172) (0.027) (0.018)
(XB −XS)2 − 12.591*** − 2.170** − 0.770 − 0.046* − 0.018

(3.734) (0.917) (0.802) (0.028) (0.014)
(XB −XS)2 x Input similarity 47.310*** 5.929*** 3.265* 0.126** 0.079***

(8.305) (2.005) (1.739) (0.053) (0.028)
Observations 50404 50404 50404 50404 50404
log likelihood −12194 −12184 −12350 −12379 −12440

(b) Interaction with technology similarity

Technology similarity − 1.490*** − 1.466*** − 1.516*** − 1.449*** − 1.409***

(0.153) (0.151) (0.154) (0.160) (0.151)
Buyer Technology Intensity (XB) − 1.299*** − 0.555** 0.160 − 0.070* 0.011

(0.410) (.234) (.239) (.036) (0.029)
Supplier Technology Intensity (XS) 2.3199*** 1.423*** 0.869*** 0.176*** 0.033

(0.349) (0.204) (0.221) (0.034) (0.020)
(XB −XS)2 − 6.499* − 1.543*** − 1.136** − 0.038*** 0.003

(3.284) (0.400) (0.562) (0.011) (0.013)
(XB − XS)2 x Technology similarity 34.028*** 4.991*** 5.317*** 0.119*** 0.047*

(6.558) (1.133) (1.434) (0.030) (0.025)
Observations 44037 44211 44211 44211 44371
log likelihood −10922 −10977 −11144 −11208 −11264

Notes: Estimation as in Table 2. Standard errors in brackets clustered at industry level.
***Significant at the 1% level, **5%, *10%.

quadratic,

CB(xB) = 1

2
x2

B and CS(xS) = 1

2
x2

S. (4)

The timeline of decisions is as follows. First, the parties decide on an organizational
form: the producer buys the supplier, namely backward integration by the buyer (BI);
unintegrated production, namely outsourcing (O); or the supplier buys the producer,
namely forward integration (SI). Lump-sum transfers might be needed to guarantee that
each firm receives at least its reservation payoff when the organizational form is chosen
to maximize joint profits. Second, investments are always made noncooperatively by
both parties, irrespective of the ownership structure. Third, the surplus is divided using
Nash bargaining with equal bargaining power for both.
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If ex post the relationship breaks down and no joint production takes place, each
party receives its outside option. The outside options depend on the ownership structure
that has been put in place previously.14 They pin down the off-equilibrium payoffs in
the bargaining process. If the buyer owns the integrated firm, the outside options are
as follows:

π B I
B (xB, xS) = F(xB, λxS), (5)

π B I
S (xB, xS) = 0.

The supplier loses its asset or customized input, as it is owned and controlled by the
buyer, and receives nothing. It could make generic inputs for another firm and sell
them at cost. Ownership gives the buyer control over the supplier’s asset, but it does
not yield the same value as in harmonious joint production. For example, some tacit
knowledge is not passed on or some last minute customization does not take place.
Only a fraction λ ∈ [0, 1] of the supplier’s investment will be productive. An important
distinction with the models of Whinston (2003) and AAGZ is that this loss now reduces
the marginal return of the buyer’s own investment. The outside options in the supplier
integration case are symmetric.

In the outsourcing arrangement, each party has control over its own investment in
the case of a break-up. The outside options are

π O
B (xB, xS) = F(θxB, 0), (6)

π O
S (xB, xS) = F(0, θxS).

Both firms have to form a new relationship for which their specific assets are not
entirely suited. The value of their investment is now reduced to a fraction θ ∈ [0, 1] of
their value within the original relationship. It is likely that the loss when the specific
investments are not combined in production will be larger than the loss when at least one
party controls both investments—that is, θ ≤ λ—but we do not impose it. Importantly,
a break-up now entails the full loss of externalities.

With all primitives in place, we now solve the model. Second-best investments
under the different organizational forms are chosen by each firm noncooperatively.
Anticipating Nash bargaining (with equal weight for both parties) to split the surplus,
firm k ∈ {B, S} maximizes

max
xk

π z
k (xB, xS) + 1

2
[F(xB, xS) − π z

B(xB, xS) − π z
S(xB, xS)] − Ck(xk), (7)

where the appropriate outside options for each organizational form z ∈ {B I , O, SI }
have to be substituted. Both firms take their decisions simultaneously and a Nash

14. Whinston (2003) illustrates that in a model with flexible cross-investment effects anything can happen.
We follow the restrictions of AAGZ to generate unambiguous predictions. All restrictions are summarized
in Lileeva and Van Biesebroeck (2008) and compared to the models in Hart (1995).
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equilibrium of the noncooperative investment-game is obtained by the intersection of
the two firms’ best response functions.

The problem is entirely symmetric for the buyer and supplier. We only need
to characterize the trade-off between buyer integration and outsourcing and effects
on the trade-off between supplier integration and outsourcing will be symmetric.
Straightforward algebra on the first-order conditions of the previous problem in each
case gives the following optimal investments:15

B I : x B I
B =

αB + 1 − λ2

4
ραS

1 − 1 − λ2

4
ρ2

and x B I
S =

1 − λ

2
(αS + ραB)

1 − 1 − λ2

4
ρ2

, (8)

O : x O
B =

1 + θ

2

(
αB + 1

2
ραS

)

1 − 1

4
ρ2

and x O
S =

1 + θ

2

(
αS + 1

2
ραB

)

1 − 1
4ρ2

. (9)

Optimal investments for both firms under BI are decreasing in λ, the fraction of
the supplier’s investment that can be appropriated by the buyer in case of a break-up.
At the extreme, if λ = 1, the supplier will not invest anything. In that case, the outside
option of the buyer equals the entire joint surplus and there would be no quasi-rent
left to compensate the supplier for her investment. Even in the best situation for BI, if
λ = 0, both firms invest less than the first best, but especially the supplier, as in the
standard model. The investment externality makes the underinvestment of the supplier
spill over to the buyer.

In the outsourcing arrangement, both firms’ investments are increasing in θ .
However, even with generic investments (θ = 1) firms will invest less than the first best.
The appropriable quasi-rent is now the value generated by the investment externality.
Noncooperative decision-making leads each firm to only consider half of its effect on
this surplus when deciding its own investment.

With ρ = 0, we can unambiguously say that comparing BI to O underinvestment
is reduced for the buyer, but exacerbated for the supplier. With the externality, this
pattern will not hold generally anymore. In terms of optimal ownership structure, the
main prediction from AAGZ continues to hold if externalities are sufficiently small.16

15. These can be compared to the first best investments obtained by maximizing aggregate welfare,
x∗

k = (αk + ρα−k)/(1 − ρ2). The normalization of the marginal investment cost to xk requires that ρ < 1
for the objective function to be concave. Optimal investments are increasing in all three parameters of the
production function. The externality guarantees that both investments are positive even if one firm has no
direct effect on the surplus.
16. Taking the limit for ρ going to zero, the proof boils down to the proof of Proposition 1 in AAGZ.
Note that we have defined λ as one minus the corresponding parameter in AAGZ.
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PROPOSITION 1. There exist r , r̄ , and ρ such that if ρ < ρ the unique subgame perfect
equilibrium ownership structure, z∗, is given as follows:

z∗ = B I for αB/αS > r̄ ,

z∗ = O for αB/αS ∈ (r , r̄), and
z∗ = SI for αB/αS < r .

Moreover, ∂ r̄/∂θ > 0 and ∂r/∂θ < 0; and ∂ r̄/∂λ > 0 and ∂r/∂λ < 0.

Figure 1, which has αB/αS on the horizontal axis, illustrates the intuition. The solid
lines partition the parameter space into three areas with optimal ownership structures
as indicated, for λ = 1 − θ . In the center, investments of both parties are of similar
importance and outsourcing is optimal.17 Moving towards one of the sides, there is
a point where one firm’s investment becomes sufficiently dominant that it becomes
desirable to put it in control of the integrated firm.

The demarcation lines between the areas are upward sloping. The range of
αB/αS for which outsourcing is optimal becomes larger for higher values of θ .
This corresponds to lower specificity, which directly reduces underinvestment under
outsourcing. The dashed lines illustrate an alternative partitioning, corresponding to
a lower value of λ for given θ . This makes it harder for the owner of the integrated
firm to appropriate investments and reduces the subsidiary’s underinvestment problem
under integration. Such a change shrinks the range of αB/αS for which outsourcing is
optimal.

Interrelated investments complicate the analysis substantially because each firm’s
marginal return now depends on the other firm’s decision. While we cannot establish
the impact of different parameters on vertical integration in general, we can sign the
effect in some cases. We discuss two predictions.

First, Proposition 2 establishes that the equilibrium ownership structure from
Proposition 1 ceases to hold for sufficiently strong interrelatedness. In such a case
there exists a range of parameter values for λ and θ where outsourcing dominates
integration even if one of the firm’s investment has no direct impact on the joint
surplus.

PROPOSITION 2. There exist ρ̄ and λ̄(θ) such that if ρ > ρ̄ and λ > λ̄ the
optimal ownership structure will be outsourcing even if αS = 0 or αB = 0. Moreover,
∂λ̄/∂θ < 0.

The proof is in the Online Appendix, but the intuition is as follows. If investments
are interrelated, the first-best supplier investment is positive even if αS = 0. Under BI,
the supplier will underinvest, especially if her investment is easy to appropriate. This
will in turn lower the marginal product of the all-important buyer investment, making

17. For extreme values of θ or λ, it is possible that r̄ < r in Proposition 1, in which case outsourcing
does not occur. Like AAGZ, we abstract from this theoretical possibility.
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BI less desirable. With a sufficiently high externality, this negative effect will outweigh
the positive incentive effect that the integrated BI structure confers on the buyer.

Next, Proposition 3 illustrates how the equilibrium ownership structure changes
when a small externality is introduced. As optimal investments under integration are a
decreasing function of λ, this parameter again plays a crucial role.

PROPOSITION 3. There exist ρ and λ(θ) such that if ρ < ρ and λ < λ the
range of investment asymmetries for which outsourcing is optimal shrinks as the
interrelatedness increases. The λ threshold satisfies ∂λ/∂θ ≤ 0 and ∂λ/∂ρ > 0.

The proof is again in the Online Appendix and the intuition follows.
Interrelatedness of investments has two opposing effects on investments under
integration. On the one hand, it makes underinvestment by the subsidiary more
costly because it now reduces the marginal productivity of the owner’s investment.
The underinvestment of the subsidiary thus spills over to the owner. Formally, the
interaction term in the joint surplus function is especially beneficial for an ownership
structure with more symmetric investments—namely, outsourcing.

On the other hand, interrelatedness increases the loss for the owner of the firm
off the equilibrium path. Because a fraction (1 − λ) of the subsidiary’s investment
is lost, the productivity of the owner’s investment in its outside option is reduced.
The externality thus strengthens the relative bargaining position of the subsidiary and
reduces the main underinvestment problem under integration.18

If the λ parameter is sufficiently low and the underinvestment problem not too
severe, the second effect will dominate and interrelatedness will lead to integration. The
threshold for λ becomes more stringent if θ rises. Only if investments are highly specific
and difficult to appropriate can we unambiguously say that investment interrelatedness
leads to integration.

None of the comparative statics are monotone over the full range of other parameter
values. We can, however, simulate and graph how the optimal ownership pattern varies
with some parameters, holding the others constant. Figure C.1 in the Online Appendix
illustrates how ownership varies with interrelatedness—that is, the predictions of
Propositions 2 and 3.

The way interrelatedness influences the predictive power of investment intensities
for ownership, the subject of the empirical analysis, is depicted in Figure 2. The
horizontal axis again represents the αB/αS ratio and the vertical axis the inverse
of investment specificity (θ). The solid line corresponds to the situation without
externalities, in Figure 1, and the dashed line demarcates the new optimal ownership
regions if ρ > 0, fixing λ = 1 − θ in both cases.

Positive interrelatedness makes the lines separating the integration and outsourcing
regions flatter, they rotate down at the edges and shift up in the center. As a result,
the parameter range where outsourcing is optimal shrinks in the middle for similar

18. Differentiating the investments in (8) and (9) by ρ reveals that supplier investments under BI are the
most responsive of all to the interrelatedness.
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FIGURE 2. Optimal ownership structure with an investment externality (for λ = 1 − θ ).

buyer and supplier investment intensities—indicated by the striped area. The reverse
happens for large differences in investment intensities—indicated by the shaded areas.
For sufficiently high ρ the lines become entirely flat, making outsourcing the only
viable ownership structure if investments have some value off the equilibrium path,
consistent with Proposition 2.

Comparing the situation with and without interrelatedness, the same increase in
investment asymmetry is less likely to switch the optimal ownership structure from
outsourcing to integration. Interpreting the fraction of a vertical line (constant αB/αS

ratio) under the demarcation line as the probability of integration, the same shift
towards the edge increases the area under the dashed line less than under the solid line.

For sufficiently high λ or low θ , only the striped area is relevant. Interrelatedness
leads to integration, consistent with Proposition 3. Investment asymmetry is associated
with integration, but this effect is less pronounced if investments are interrelated,
demonstrated by the shaded areas in Figure 2. While we still predict a negative sign on
the squared difference term in equation (2), interacting the square term with a proxy
for interrelatedness should work in the opposite direction and we predict a positive
sign on the interaction term.

5. Results

5.1. Benchmark Estimates

In light of these theoretical insights, we now revisit the earlier estimates. To apply the
model to the data, we make it stochastic by adding a random error εz to the aggregate
welfare function W . This error captures idiosyncratic effects for the different ownership
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types in each relationship (Whinston 2003). Buyer integration will be preferred over
outsourcing if

�W (α, ρ, λ, θ) ≡ W B I (α, ρ, λ, θ) − W O (α, ρ, λ, θ) ≥ εB I − εO .

Assuming the errors are normally distributed, the outsourcing probability follows a
Probit model.

We introduce the investment interrelatedness in the earlier estimating equation
interacted with the squared difference of technology intensities,

OUTSfj =βB X B
i +βS X S

j +(δ0 + δ1INTERi j )×
(
X B

i −X S
j

)2+ Controls fj + εfj.

(10)

As discussed in the data section, interrelatedness is measured by the input overlap, the
fraction of inputs used in both the buyer and supplier industries, or by the correlation
in technology adoption rates for the two industries. The results are entirely consistent
using either measure and reported in panels (a) and (b) of Table 3.

Three findings are crucial and we discuss them in order: (i) the negative
coefficients on the squared difference in buyer versus supplier technology intensity
(the “asymmetry”); (ii) the negative coefficients on the uninteracted investment
interrelatedness variable; and (iii) the positive coefficients for the interaction between
the asymmetry and interrelatedness.

First, in both panels and most columns the sign on the uninteracted squared term
is estimated significantly negative. It indicates that a large difference in investment
intensity does lead to a lower probability of outsourcing, consistent with the PRT,
but only if the investment interrelatedness is sufficiently low. The positive sign on
the difference term in Table 2 turns out to be driven entirely by transactions between
industries with high input or technology similarity. Using the estimates in panel (a),
the total effect of the square term turns negative if the input similarity is around 1.3
standard deviations below the average for the capital, skill, and R&D measures. For
technology use and innovation intensity, a similarity of 0.8 standard deviation below
the mean is already sufficient to find a negative coefficient on the difference term.
The estimates in panel (b) also require a technology similarity ranging from 0.9 to 1.4
standard deviations below the average to result in a negative coefficient for the squared
difference term.

A negative effect is consistent with the usual PRT predictions summed up in
Proposition 1: integration is preferred if marginal investment effects are sufficiently
asymmetric. The estimates become smaller and less significantly different from zero
for columns further to the right. The specific investment proxies in the different
columns are ordered in terms of increasing ease of appropriation (increasing λ). The
lower predictive power of investment asymmetry fits the theory: outsourcing becomes
dominant irrespective of investments for sufficiently high λ.

Second, the theoretical prediction on the direct effect of investment interrelatedness
on outsourcing is also borne out in the data. Proposition 3 says that a marginal increase
in the investment externality will make integration more attractive. The uninteracted
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effect of interrelatedness on the outsourcing probability is indeed estimated to be
strongly negative in each column and this effect was highly robust to the inclusion of
all types of controls. Note that the uninteracted interrelatedness variable was included
as control in previous regressions as well. Its coefficient was always estimated strongly
negative.

Third, interrelatedness is also predicted to modify the impact of investment
asymmetry on outsourcing. The net effect on the main PRT prediction is shaped
by two opposing forces. On the one hand, the usual underinvestment by the subsidiary
is more costly for interrelated investments as it lowers the marginal return of the
owner’s own investment. Hence, interrelatedness makes integration less attractive.
On the other hand, interrelatedness strengthens the subsidiary’s relative bargaining
position in the division of the joint surplus. A loss of specific investments off the
equilibrium path now has an additional negative impact on the owner’s payoff. Hence,
it reduces underinvestment and makes integration more attractive.

The two opposing effects lead to a nonmonotonic impact of interrelatedness on
the optimal ownership structure, which was illustrated in Figure 2. For high investment
asymmetry, the first effect dominates and the attractiveness of integration to provide
incentives for the dominant investor is reduced by the investment externality. If buyer
and supplier investment intensities are similar, the second effect dominates and the
relative attractiveness of outsourcing is reduced. The net effect of interrelatedness is
to blunt the impact of investment asymmetry. The positive estimates on the interaction
terms in Table First, in both panels and most columns the sign on the uninteracted
squared term is estimated significantly negative. It indicates that a large difference
in investment intensity does lead to a lower probability of outsourcing, consistent
with the PRT, but only if the investment interrelatedness is sufficiently low. The
positive sign on the difference term in Table 3 are in line with these theoretical
predictions. Interrelatedness weakens the negative association between the asymmetry
and outsourcing.

The positive coefficients on the interaction terms are estimated surprisingly high.
They are likely to reverse the direct negative effect of the investment asymmetry for
some observations, but this cannot be assessed directly from the coefficient estimates in
a Probit model (Ai and Norton 2003). We evaluate the marginal effects in a much more
flexible specification in what follows, but first we illustrate a number of robustness
checks for the results in Table 3.

5.2. Robustness Checks

The first three robustness checks limit the estimation of equation (10) to a subset
of the sample to deal with the potential endogeneity of technology intensities and
measurement issues. In these estimations we use the input similarity measure for
interrelatedness as it could be calculated for all observations.

First, the sample is limited to 1996 observations, which makes the sectoral
technology measures pre-date the ownership outcomes by at least three years.
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This controls to some extent for the potential reverse causation from ownership to
investment, even though serial correlation of technology use over time combined
with slow adjustment in ownership structures are likely to remain an issue.19 Second,
the sample is limited to multiplant firms. For single-plant firms we observe only
outsourcing relationships by construction. Because the choice not to operate more
than one plant can be driven by the technology intensities, we use this sample only as
a robustness check and not for the benchmark results. Third, firms with some foreign
ownership are excluded from the sample as they are more likely to source some inputs
from integrated plants located outside of Canada, notably in the United States, which
we do not observe.

The results, as reported in panels (a)–(c) of Table 4, are relatively unaffected. In
particular, each of the 15 point estimates for the uninteracted difference term is still
negative. In Table 4(a) only a few coefficients become statistically insignificant as the
sample size is cut in half. An almost equally large reduction in sample size in Tables
4(b) and (c) even increases the number of statistically significant coefficients and all
difference and interaction terms have the same signs as before.

In the next robustness check, we use a continuous measure of outsourcing as
dependent variable. For these results, reported in Table 4(d), the dummy dependent
variable is replaced by the fraction of input demand that cannot be satisfied from
the output of own (supplier) plants. In outsourcing situations, the dependent variable
always remains equal to one. In integrated situations, the dependent variable is above
zero in cases where internal production is not sufficient to satisfy all input needs. The
results are as before, negative for interrelatedness and the investment asymmetry and
positive for the interaction between the two. The negative estimates for the uninteracted
buyer intensities also disappear, which brings the results even more in line with the
predictions.

Finally, we include firm fixed effects (for the buyer) in equation (10) to control
far more generally for unobservables that are constant over time. These fixed effects
soak up the effects of the uninteracted buyer technology intensity and several of the
controls, but the input similarity, technology difference, and interaction terms can still
be identified as these vary at the interaction buyer–supplier level.20 The coefficients are
now identified by comparing across different inputs for each firm, but quite remarkably,
the signs on all key coefficients are unchanged. The results suggest that for industries
with low input similarity, firms are least likely to outsource the supply of inputs from
sectors with very different technology intensity from the firm’s own industry—in line
with the PRT prediction. The point estimates are a lot higher now, but the variation of
all variables is correspondingly lower.

In summary, the main findings from Table 3 are shown to be robust. Technology
asymmetry is associated with integration if the input similarity is sufficiently small and

19. An alternative solution is to exclude all firms with plants included in the innovation survey, our data
source for innovation, R&D, and technology use. It eliminates more than two-thirds of all observations
and leads to less precisely estimated coefficients, but the signs and magnitudes of the effects are similar.
20. We omit the supplier technology intensity as well, as this cannot be separately identified any more
from the difference term.



892 Journal of the European Economic Association

TABLE 4. Various robustness checks for the full model.

Dependent variable is firm-commodity outsourcing indicator

X = Skill Innovation R&D Tech. use Capital
(1) (2) (3) (4) (5)

(a) Only 1996 observations

Input similarity − 1.889*** − 1.728*** − 1.808*** − 1.735*** − 1.780***

(0.217) (0.207) (0.204) (0.217) (0.192)
(XB − XS)2 − 18.248*** − 1.761 − 0.228 − 0.031 − 0.015

(5.435) (1.196) (0.983) (0.037) (0.017)
(XB − XS)2 x Input similarity 52.824*** 5.881** 2.762 0.097 0.082***

(10.731) (2.874) (2.100) (0.066) (0.030)
Observations 23449 23449 23449 23449 23449

(b) Only multi-plant firms

Input similarity − 1.514*** − 1.403*** − 1.371*** − 1.399*** − 1.440***

(0.159) (0.155) (0.153) (0.169) (0.161)
(XB −XS)2 − 15.142*** − 1.773** − 0.449 − 0.052*** − 0.023*

(3.859) (0.733) (0.688) (0.019) (0.012)
(XB −XS)2 × Input similarity 42.137*** 4.718*** 2.459* 0.148*** 0.071***

(8.439) (1.513) (1.512) (0.037) (0.022)
Observations 24808 24808 24808 24808 24808

(c) Excluding foreign-owned firms

Input similarity − 2.021*** − 1.898*** − 1.996*** − 1.876*** − 1.952***

(0.251) (0.258) (0.260) (0.267) (0.244)
(XB −XS)2 − 20.924*** − 3.512*** − 1.633* − 0.049 − 0.0342*

(6.050) (1.155) (0.988) (0.034) (0.019)
(XB −XS)2 × Input similarity 61.815*** 8.540*** 5.183** 0.128** 0.128***

(13.352) (2.827) (2.126) (0.061) (0.039)
Observations 33118 33118 33118 33118 33118

(d) Using a continuous outsourcing variable

Input similarity − 0.266*** − 0.257*** − 0.259*** − 0.250*** − 0.246***

(0.041) (0.040) (0.041) (0.041) (0.036)
(XB −XS)2 − 2.104*** − 0.483*** − 0.272*** − 0.010*** − 0.003***

(0.478) (0.114) (0.079) (0.003) (0.001)
(XB −XS)2 × Input similarity 5.669*** 1.067*** 0.650*** 0.023*** 0.010***

(1.032) (0.238) (0.168) (0.006) (0.039)
Observations 50404 50404 50404 50404 50404

(e) Including (buyer) firm fixed effects

Input similarity − 3.913*** − 3.504*** − 3.457*** − 3.598*** − 3.678***

0.106 0.113 0.114 0.113 (0.103)
(XB −XS)2 − 22.241*** − 2.709*** − 0.602 − 0.074*** − 0.037*

(3.052) (0.758) (0.770) (0.019) (0.011)
(XB −XS)2 × Input similarity 85.679*** 11.227*** 6.856*** 0.253*** 0.153***

(6.688) (1.423) (1.304) (0.032) (0.019)
Observations 25523 23391 23391 23391 25607

Notes: Estimation as in Table 2 with the following changes: (a)–(c) limited sample; (d) OLS estimation; (e) logit
estimation. Uninteracted technology intensities and controls are included as before, but estimates are not reported
due to space constraints. Standard errors clustered at the most detailed industry level in brackets.
***Significant at the 1% level, **5%, *10%.
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the input similarity itself is associated with outsourcing. The link between investment
asymmetry and integration is reduced, and even reverses, for observations with a high
input similarity.

It should be noted that interrelatedness of investments makes the observed
technology intensities worse proxies for the underlying investment return of each party.
If returns are interrelated, all equilibrium investments depend on both firms’ returns—
see equations (8) and (9). The observed asymmetry will be a nonlinear function of the
degree of interrelatedness itself, complicating the interpretation of the interaction term
coefficient. In the following, we focus on situations with low interrelatedness.

5.3. Flexible Specification

The negative coefficient estimates on the squared difference term in equation (10)
lend support to the key PRT prediction, but that specification is rather restrictive. We
generalize it in two steps. First, we include all investment intensities up to the second
order separately in the regression: X B

i , (X B
i )2, X S

j , (X S
j )2, and X B

i · X S
j . Second, we

multiply all five terms not with a constant parameter, but with a linear combination
of a constant term, three control variables—the input similarity, a multi-plant dummy,
and the cost share of input j for firm f —and three proxies for specificity that are
discussed in the Online Appendix.

Using the estimates of this flexible specification, we can calculate the nonlinear
marginal impact of buyer and supplier investments on the outsourcing probability. By
evaluating these at different values for the variables in the linear combinations that
multiply the investment intensities, we can investigate where support for the PRT is
weak or strong. In particular, in Figure 3 we evaluate the input similarity variable at
one standard deviation below the average, set the multi-plant dummy to one, and set
all other variables at their sample mean.

The four panels of Figure 3 depict the marginal impact of buyer and supplier
investment intensities on the outsourcing probability for the first four investment
measures.21 On the horizontal axis is the relative investment intensity, the empirical
counterpart of the log(αB/αS) in Figures 1 and 2 that illustrated the theoretical
predictions.

Towards the right side of each graph, where buyer investments dominate and the
relevant ownership trade-off is between buyer integration and outsourcing, the marginal
effect of supplier investment (solid line) is always positive and that of buyer investment
(dashed line) negative. The results suggest that a further increase in buyer investment,
exacerbating their dominance, makes integration more likely. In this same situation, a
marginal increase in supplier investment boosts the probability of outsourcing. At the
left side of each graph, where supplier investments dominate and the relevant margin
is between supplier integration and outsourcing, the effect of both types of investments

21. Results using the capital intensity are estimated less precisely and are only supportive of the PRT
prediction for buyer investments.
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FIGURE 3. Marginal effect of technology intensity on outsourcing probability (at low levels of
interrelatedness for multi-plant firms).

changes sign. A similar marginal increase in buyer investment now has a positive
effect, increasing the probability of outsourcing, exactly as predicted by the PRT.

For all measures, and especially for technology use, the results are stronger on the
right, consistent with the conclusion in AAGZ that buyer integration is more prevalent.
The interested reader is referred to the Online Appendix for a more detailed discussion
and additional results that evaluate the marginal effects at different values for the
control variables and specificity proxies.

6. Conclusions

Our findings are threefold. First, we have shown that augmenting the property rights
model with an externality that makes investment returns interrelated is able to generate
a rich set of theoretical predictions. It can destroy the usual PRT tendency towards
integration if investment intensities are sufficiently asymmetric. Low amounts of
interrelatedness will, all else equal, lead to more integration.

Second, the link between investment intensities and the optimal ownership
structure is crucially influenced by the existence of the externality. When it is low,
the PRT prediction is strongly supported in the data: asymmetries in investments are
associated with integration. The marginal effect of buyer investments is to make
integration more likely when buyer investments dominate and outsourcing more
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likely when supplier investments are relatively more important. Effects for supplier
investments are exactly the opposite, in line with the theory. These results are confirmed
with entirely flexible functional forms allowing for fully unrestricted effects.

Third, several investment characteristics change the marginal effect of investment
on the outsourcing probability in line with the theory. Interrelatedness weakens
the effect of investment asymmetry and leads ceteris paribus to less outsourcing.
Investments that are harder to appropriate, such as worker skills, show a stronger
effect of asymmetries. Results in the online Appendix demonstrate that several
proxies for investment specificity have a similar enhancing effect for investment
asymmetries.

A final caveat is in order. The interpretation we have given to the results relies
on the appropriateness of our proxies. They allow us to test the predictions across a
range of industries and speak to the general applicability of the theory. It is reassuring
that several of the empirical measures, imperfect as they may be, have effects in line
with the theoretical constructs they are supposed to capture. At the same time, by
cutting across many industries and only considering a single theory, we cannot take
into account other explanations for the observed patterns. We hope that our results
will be confirmed or refined in future work, but the current findings are remarkably
supportive of the PRT predictions.
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