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Abstract

What is the private return to innovation? When firms operate production sites in
multiple countries, improvements developed at one site may be shared across others
for efficiency gain. We develop a dynamic model that accounts for such transfer
within the firm, and apply it to measure innovation returns for a comprehensive
panel of U.S. multinationals during 1989-2008. We find that the data, which include
detailed measures of affiliate-level production and innovation, are consistent with in-
novation generating returns at firm locations beyond the innovating site. Accounting
for cross-plant effects of innovation, our estimates indicate the average firm realizes
up to one third of the return to its U.S. parent R&D abroad, suggesting estimates
based only on domestic operations may understate firms’ gain from innovation.
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1 Introduction

Multinational firms account for the substantial majority of innovation investment in the
United States.! Moreover, as intrinsically multiplant firms, multinationals may share pro-
prietary technology resulting from innovation investment across multiple firm sites.? The
extent to which such transmission of technology occurs within the firm—though an essential
determinant of both the private return to R&D investment and the welfare effects of multi-
national production (MP)—is not known, however, as site-specific innovation investment
within the boundaries of the firm is rarely observed.

Consider firms in the hard-disk drive industry, for example. Offshore affiliates in this in-
dustry perform process innovation to improve efficiency, but are also influenced by innovation
performed by the parent. First, parent innovation impacts the quality of an intermediate
input that is manufactured by the parent but processed and assembled by affiliates;® high
levels of parent innovation reduce the rate of input failure, saving affiliates associated loss.
Second, parent innovation impacts affiliate productivity through product and process de-
sign, as well as through assistance diagnosing and addressing process challenges.* Although
such within-firm knowledge transfer is an important feature of the multinational firm (e.g.
Dunning 1981, Helpman 1984), the actual extent to which innovation investment by a firm
in one country impacts its performance at sites abroad is, as an empirical matter, less clear.

This paper uses information on both parent and affiliate-level innovation and production
to quantify the impact of innovation within the multinational firm. We develop a dynamic
model of firm innovation that accounts for the possibility of intrafirm knowledge transfer
across production sites. The model provides a detailed empirical framework that we apply
to estimate the private return to innovation investment among U.S.-based multinationals
during 1989-2008. We find that the data are consistent with innovation generating returns
at firm locations beyond the innovating site within five major manufacturing industries.
Specifically, accounting for cross-plant effects of innovation, our estimates indicate that the
average multinational firm realizes up to one third of the return to U.S. parent R&D abroad.

In the model, the multinational firm makes a series of optimal production and innovation
decisions for each production site based on the costs and expected gains from each activity.
The firm determines both location-specific innovation and physical capital investments, as
well as subsequent levels of static inputs including labor and materials to be used in pro-

duction at each site. As in Aw, Roberts, and Xu (2011) and Doraszelski and Jaumandreu

'In 2010, for example, multinational firms’ U.S. R&D expenditures accounted for almost all U.S. business
R&D and nearly two-thirds of total U.S. R&D expenditures (National Science Board, 2014).

2Caves (2007).

3Based on firm-specific annual SEC 10-K reports and conversations with a former employee of the hard-
disk drive firm Western Digital.

4For further details on the industry and its production structure, see Igami (2014) and references therein.



(2013), we assume site-level productivity follows a Markov process that can be shifted by
R&D expenditures. Importantly, however, in our model innovation at one site may impact
other sites within the same firm, and the impact of innovation on an affiliate may differ
depending on whether R&D investment is made by the affiliate, its U.S. parent, or another
affiliate within the same firm. We further allow differences between parent and affiliate
production and productivity evolution, capturing the possibility that parents and affiliates
perform distinct production tasks within the multinational firm, and provide for unobserved,
systematic differences in affiliate productivity change across locations and over time.

The model yields general expressions for the firm’s optimal input and investment decisions
at each production location. Specifically, given an affiliate’s current value-added productivity,
capital stock, local input prices and aggregate demand conditions, the firm’s input and
investment decisions solve optimality conditions derived from a standard Bellman equation.
We use these optimality conditions directly to estimate parameters of the affiliate production
function corresponding to static labor inputs (Gandhi, Navarro, and Rivers 2013). However,
to maintain flexibility regarding unknown cost functions for investment in physical capital
and in knowledge through R&D, which may differ substantially across countries and the
estimation of which is beyond the scope of this paper, we follow Doraszelski and Jaumandreu
(2013) by taking an approach for which the precise form of these cost functions is not required.

To recover production and technology parameters determining the firm-wide return to
innovation with the estimation strategy implied by our model, we use comprehensive panel
data on U.S. multinationals’ global activity from the Bureau of Economic Analysis (BEA).
Our data include detailed measures of production inputs, output, investment, and innova-
tion expenditures for each firm-country pair during the period 1989-2008, and span multiple
industries of which we focus our attention on five prominent manufacturing sectors.’ Impor-
tantly, the data include detailed measures of technological links in both trade and knowledge
between U.S. parent firms and each foreign affiliate, enabling our analysis to incorporate an
unusually detailed characterization of the firm network. To better isolate the impact of
parent and affiliate innovation on productivity, we also introduce data on U.S. state-year
level R&D tax credits from Wilson (2009) and intellectual property rights from Ginarte and
Park (1997) and Park (2008) as sources of exogenous variation in U.S. R&D expenditures
across parent firms located in different U.S. states and in affiliate R&D expenditures across
affiliates located in countries with different levels of knowledge appropriability.

These data reveal facts about firms’ organization of innovation activity across locations,
which is rarely observable. First, for each of the industries we evaluate, almost all (90

percent) multinational firms invest in R&D, and over 99 percent of multinational firms

5The five industries we analyze are Industrial Machinery (SIC 35), Electronic and Other Electrical Equip-
ment (SIC 36), Measuring and Analyzing Instruments (SIC 38), Chemicals and Allied Products (SIC 28),
and Transportation Equipment (SIC 37).



investing in R&D do so in part at U.S. parent site. Second, foreign affiliates participate in
innovation investment in approximately half of firms, indicating that for a large share of firms,
knowledge creation is an international endeavor. However, third, the average multinational
firm reports R&D participation by only the minority of its foreign affiliates. And fourth,
the R&D intensity of the average U.S. parent operation is three to eight times higher than
that of its overall, combined foreign-affiliate operations. That firms fragment innovation
across countries to any extent suggests the presence of frictions limiting the communication
of technical knowledge across countries (e.g. Arrow 1962, 1969); yet, the fact that the spatial
concentration of innovation investment is higher than that of production is consistent with
the idea that knowledge is shared across firm locations (Arrow 1975, Teece 1982), as is recent
evidence in Atalay, Hortacsu, and Syverson (2014) as well as our estimation results.

Specifically, our empirical analysis indicates R&D investment significantly impacts firm
productivity dynamics within U.S. multinationals. Innovation by a U.S. parent has a positive
and highly significant impact both on its own productivity and on that of its foreign affiliates.
By contrast, innovation by an affiliate has a positive impact on its own productivity, but
does not significantly impact other production sites within the firm.

Accounting for both considerations, our estimates reveal that the short-run elasticity of
affiliate productivity with respect to a one-year increase in the R&D investment of its U.S.
parent ranges between 0.009 and 0.012 percent on average; these effects are compounded by
productivity persistence, and imply long-run elasticities of between 0.025 and 0.079 percent.
While the short-run elasticities of parent productivity with respect to parent R&D are com-
parable, the long-run elasticities are larger, ranging between 0.080 and 0.140 percent, due
to parents higher estimated productivity persistence. Thus, if parent R&D were the only
source of productivity improvement, our estimates would imply parents are significantly
more productive than affiliates in the long run, consistent with Tintelnot (2014) and Head
and Mayer (2015). We find qualitatively identical results even after instrumenting for both
parent and affiliate R&D investment using variation in R&D tax credits across U.S. states
and in intellectual property rights across countries.

To measure the firm-level R&D investment return implied by these elasiticities, we pro-
ceed by first translating the elasticities described above into derivatives capturing the impact
of R&D investment on value added in levels, thereby retrieving estimated local returns (e.g.
Hall, Mairesse, and Mohnen 2010, Doraszelski and Jaumandreu 2013). Summing these
marginal returns across locations yields a firm-level return to R&D investment; notice that
by considering infinitesimal increases in R&D investment, this calculation implicitly holds
fixed the capital and input structure of the multinational firm. For the average firm, the
estimated short-run, firm-wide return to parent R&D depends on the industry and ranges

between 30 and 75 percent and are high relative to estimates surveyed in Hall, Mairesse,



and Mohnen (2010); long-run return values are higher and imply returns net of expenditures
ranging between 60 and 250 percent.

Relative to the parent-level return to its own R&D investment, these estimates indicate
that for the average firm, between 15 and 35 percent of innovation gains are realized among
affiliates abroad. This estimated impact share spans a distribution across firms that is in-
fluenced by the size of the parent and its foreign affiliates, the number of affiliates, and the
R&D participation of each parent firm. Intuitively, returns to parent R&D realized abroad
are smaller for multinationals with limited foreign operations. By contrast, our estimates
imply that evaluating the impact of parent R&D based only on firms’ U.S. operations sub-
stantially understates the innovation return for most firms.

This paper contributes to a growing literature investigating the importance of technol-
ogy within the multinational firm. Our results are consistent with insights formalized in
Helpman (1984), as well as recent empirical evidence consistent with centrally-developed
technology impacting the distribution of multinational production across countries (Arko-
lakis et al 2013; Irrazabal, Moxnes, and Opromolla 2013; Keller and Yeaple 2013).5 In
particular, our estimates complement Arkolakis et al (2013), which demonstrates that the
relationship between parent and affiliate productivity with firms conditions the equilibrium
gains from multinational production in the global economy. The productivity estimates we
develop indicate that this relationship is influenced directly by a dynamic process featuring
innovation investment and subsequent intrafirm knowledge transfer.

The model and estimation methods applied in this paper are also related to prior empirical
studies evaluating the link between innovation and productivity at the plant level. We
estimate a dynamic model of endogenous R&D investment and our model is therefore related
to Doraszelski and Jaumandreu (2013), Aw, Roberts, and Xu (2011) and Boler, Moxnes, and
Ulltveit-Moe (2014). Like these papers, we build directly on insights in Griliches (1979), but
focus on R&D expenditures as a proxy for the state of knowledge rather than attempting
to construct a stock of knowledge capital from the available data. Our model is distinct
from Doraszelski and Jaumandreu (2013), however, and is conceptually closer to Adams and
Jaffe (1996), in that it considers the productivity consequences of R&D investment within
a multiplant firm, in which productivity gains from the innovation investment of one plant
may be realized across multiple production locations within the same firm.

The estimates we recover regarding the impact of innovation across multiple sites support
models of the multinational firm featuring operations linked by intangible transfers, and
thus complement results in Atalay, Hortacsu, and Syverson (2014), which finds little trade

in physical inputs between vertically-linked manufacturing plants. Moreover, in finding a

6See also Javorcik 2004; Branstetter 2006; Branstetter, Fisman, and Foley 2006; McGrattan and Prescott
2010; Branstetter et al 2011; and Bilir 2014.



positive estimated impact of U.S. parent R&D on foreign-affiliate productivity growth within
the same firm, our results also contribute to research aimed at evaluating why affiliates of
multinational firms are more productive and faster growing than unaffiliated firms (Doms
and Jensen 1998, Ramondo 2009, Guadalupe, Kozmina, and Thomas 2012, Branstetter
and Drev 2014, National Science Board 2014). Specifically, our estimates suggest affiliates’
productivity and growth premium may be related, in part, to innovation investment by parent
firms and the positive impact of the resulting knowledge on foreign-affiliate performance.
This latter observation implies a connection between our results and research evaluating
technology diffusion across countries. In addition to complementing empirical studies in
which multinational firms direct technology and ideas across countries (Branstter, Fisman,
and Foley 2006, Branstter 2006), our estimation methodology is related to a wide literature
aimed at evaluating the magnitude of productivity spillovers between firms and countries
(Jaffe 1986, Bloom et al 2013). However, our emphasis on technological links between affili-
ates of the same multinational firm, and our results indicating such links between parent and
affiliate are economically significant, suggests building active agents and directed technology
diffusion into models of international idea diffusion and growth (e.g. Eaton and Kortum 1996,
1999, Buera and Oberfield 2015) may yield important insights regarding the determinants
of economic development, productivity growth, and technological change across countries.”
The rest of the paper presents our theoretical and empirical analysis. We describe the
data in Section 2, and develop a model of production and innovation investment within the
multinational firm in Section 3. Section 4 derives our estimation framework from the model
and describes how we apply it to evaluate the data. Sections 5 and 6 describe the empirical

results, and Section 7 concludes.

2 Data and Descriptive Statistics

Evaluating the link between innovation and productivity change in multinational firms re-
quires measures of production inputs, output, and innovation for each location within the

firm at different points in time. These data are described below.

2.1 U.S. Multinational Activity

We use confidential firm-level data on the operations of multinational firms from the Bureau

of Economic Analysis (BEA) Survey of U.S. Direct Investment Abroad. These data provide

"Our focus on R&D investment and productivity change within large firms also connects our work with
research on innovation, firm size, and industry dynamics (Nelson et al. 1967, Nordhaus 1969, Scherer 1970,
Lunn 1982, Klepper and Graddy 1990, Cohen and Klepper 1992, 1996a,b, Klepper 1996, Klette and Kortum
2004), building on Schumpeter (1942).



detailed information on U.S. parent companies and each foreign affiliate on an annual basis.®
For our analysis, we assemble a new dataset combining both benchmark and annual surveys
covering firm operations in 84 countries for each year during 1989-2008.° An important
feature of the data for our analysis is its detailed information on production and innovation,
including parent and affiliate-level R&D expenditures in each firm and year.'°

Because evaluating the impact of innovation on productivity requires estimating pro-
duction functions, our empirical analysis proceeds at the industry level. We examine the
activity of multinational firms separately in each of five major manufacturing industries: in-
dustrial machinery [SIC 35| including separately the computer and disk-drive industry [SIC
357], electronics [SIC 36|, instruments and devices [SIC 38|, chemicals [SIC 28], and trans-
portation equipment [SIC 37]. Each multinational firm is categorized based on the primary
industry classification of its U.S. parent. Even within the same firm and industry, productive
tasks performed by foreign affiliates may differ from tasks performed by U.S. parent firms
(Oldenski 2012); in our estimation below we therefore follow an approach that allows for
such differences between parent and affiliate operations.!

The data include detailed affiliate-level information regarding production inputs, out-
puts, investment, innovation, trade within and outside the firm, and information regarding
royalty payments and licensing fees; however, the data do not include a direct measure of ma-
terial inputs. Table 1 provides a summary of value added, employment, physical capital, and

innovation across the sample of firms, affiliates, countries, and industries used in our analysis.

8This survey is conducted by BEA for the purpose of producing publicly available aggregate statistics
on the operations of U.S. multinational enterprises. Any U.S. person having direct or indirect ownership or
control of 10 percent or more of the voting securities of an incorporated foreign business enterprise or an
equivalent interest in an unincorporated foreign business enterprise at any time during the survey fiscal year
in question is considered to have a foreign affiliate. However, for small affiliates that do not own another
affiliate, parents report only a subset of items requested by the standard survey form. Foreign affiliates
are required to report separately unless they are in the same firm, country, and three-digit industry. Each
affiliate is considered to be incorporated where its physical assets are located.

9In benchmark years 1989, 1994, 1999, and 2004, the BEA’s data coverage is nearly complete: in a
typical benchmark year, the survey accounts for over 99 percent of affiliate activity. In 1994, for example,
participating affiliates accounted for an estimated 99.8 percent of total assets, 99.7 percent of total sales,
and 99.9 percent of total U.S. FDI. This reflects the requirement of participation for every U.S. person
having a foreign affiliate. Reporting requirements for the annual survey are less restrictive. In certain cases
involving missing survey responses, the BEA data may instead report imputed values; these values are coded
accordingly, and we exclude from our analysis all such observations. See Appendix A.5 for further details.

0R&D expenditure is not recorded for firms’ smallest, minority-owned foreign affiliates. Because our
estimation below involves evaluating the impact of an affiliates’” own R&D on productivity change, in our
baseline setting we restrict attention to majority-owned affiliates required to report R&D (Appendix A.5).

1At the affiliate level, in all specifications, we exclude from the sample imputed values and small or
minority-owned affiliates for which only limited information is reported. We also exclude non-manufacturing
affiliates in agriculture, mining, construction, transportation and public utilities, finance, insurance, and real
estate, services, and health services for which the mechanism linking R&D investment and plant productivity
is unclear. Additional details appear in Appendix A.5.



Measuring Firm Innovation at the Affiliate Level

We report statistics describing innovation expenditures within and across U.S. multina-
tional firms in Tables 2 and 3.2 Our primary measure of parent and affiliate innovation
is R&D investment, which is defined broadly by the survey, including expenditures on ba-
sic, applied, product, and process R&D; the measure excludes capital expenditures, routine
testing and quality control, market research, and legal patent work, however, and is thus
essentially a measure of expenditures on labor and materials used in innovation. While this
rules out a model that explicitly distinguishes the efficiency impact of product innovation
from that of process innovation as in Cohen and Klepper (1996b) and Dhingra (2013), we will
adopt a model and estimation framework able to accommodate symmetrically both forms of
innovation in sections 3 and 4 below.

It is important to note that, although the firm must report any research and development
activity performed by each affiliate, this leaves open the possibility that an affiliate either a)
performs R&D paid for by another firm or affiliate, or b) performs and pays for R&D that is
nevertheless done primarily on behalf of another firm or affiliate. Data from the benchmark-
year surveys indicate neither a) nor b) is commonly observed. In 2004, for example, 96
percent of the R&D performed by affiliates was also paid for by the performing affiliate. Of
the R&D performed by affiliates, 83 percent was for the performing affiliate’s own account, 14
percent was for another affiliate of the same firm, and only 3 percent was for an unaffiliated
firm (U.S. Bureau of Economic Analysis 2008). Accordingly, the model in section 3 below
considers the case in which each affiliate location in a firm performs and pays for its own
R&D, while the technological knowledge resulting from R&D may be shared across locations

in the same firm.

2.2 Patterns of Innovation Within the Firm

Several strong patterns emerge from descriptive observation of the data corresponding to each
industry. It is clear from Table 2 that almost all multinational firms invest in R&D, and
also that nearly all firms’ innovation investment involves expenditures by the U.S. parent
operation. In the industrial machinery sector, for example, 90 percent of firms invest in
innovation, and of these firms, over 99 percent innovate with the involvement of the U.S.
parent (Table 2, column 1). However, foreign affiliates participate in innovation investment
in only approximately half of firms; in the industrial machinery sector, 45 percent of firms

report R&D investment by at least one foreign affiliate. Third, the average multinational firm

12These statistics pertain to U.S. firms and their foreign affiliate operations in 1994. The 1994 benchmark-
year survey is exceptionally comprehensive in its innovation measures, with all U.S. parent firms reporting
R&D regardless of size, and all foreign affiliates above a low size threshold of $3 million reporting R&D; this
period therefore provides an unusually complete representation of activity corresponding to the universe of
U.S.-based multinational firms in 1994.



reports R&D participation by only the minority of its foreign affiliates, with, for example,
just 24 percent of affiliates in industrial machinery performing R&D. Accordingly, the R&D
intensity (R&D/sales ratio) for the average U.S. parent operation is higher than that of its
overall foreign-affiliate operations; in industrial machinery, the parent is on average 8.4 times
as R&D intensive as foreign affiliates. This indicates innovation activity is substantially less
dispersed across locations than production in multinational firms, with parents investing
disproportionately in R&D.

Firms’ offshore R&D performance does, however, vary substantially across firms. On av-
erage, Table 3 indicates a firm’s foreign affiliates account for between 10 and 13 percent of its
global R&D expenditures, but the standard deviation ranges between 19 and 21 percentage
points, and the shape of the distribution is such that the 95th percentile firm locates the
majority of its global R&D investment within offshore affiliates.

That firms fragment innovation across countries to any extent suggests the presence
of frictions limiting the communication of technical knowledge across countries (e.g. Ar-
row 1962, 1969), however, the sharp differences between observed parent and affiliate R&D
participation and the high degree of R&D concentration relative to production concentra-
tion is consistent with classic theories of the multinational firm featuring both concentrated
knowledge production and intrafirm technology transfer (Helpman 1984). Data on intrafirm
royalty and license payments also strongly suggest parent firms share technology extensively
with foreign affiliates, while affiliates share relatively less with parents: among manufactur-
ing firms in 2004, aggregate royalty and license fees for the use of intangible intellectual
property paid by foreign affiliates to U.S. parents within multinationals were approximately
15 times higher than payments in the reverse direction (U.S. Bureau of Economic Analysis
2008).

Statistics reported in Table 3 further indicate U.S. multinationals concentrate a large
share of foreign production and innovation in a relatively narrow set of countries. The
United Kingdom and Mexico are among the top five locations for U.S. firms’ employment
abroad in each of the industries considered here, followed closely by Canada and Germany;
Brazil, France, Japan, and Malaysia also account for a large share of firms’ offshore employ-
ment. Germany and France are the most important offshore R&D locations for U.S.-based
firms, followed by the United Kingdom, Canada, and Japan; Belgium, Brazil, Ireland, and

Singapore are also within the top-five R&D locations for at least one industry.'® This under-

13A U.S. multinational’s decision to perform R&D in a foreign country may be influenced by investment
conditions abroad including the corporate tax rate and opportunities for R&D tax incentives (see, for ex-
ample, Hines 1994, 1995). In the data, we find a low correlation of between -2 and 2 percent across FDI
host countries between affiliate R&D investment and the corporate tax rate incidence; nevertheless, our
estimation framework below includes two sets each of country-by-year and sector-by-year fixed effects, one
corresponding to affiliates with positive R&D expenditures and the other corresponding to non-innovating
affiliates. These effects capture any unobserved factors that differ across locations—including corporate tax



lying distribution of activity across countries is an important determinant of the distribution

of within-firm gains from U.S.-parent R&D investment (section 6).

3 Theory

We develop an empirical model of endogenous R&D investment in multinational firms. The
model provides estimating equations that enable us to use the data described in Section 2
above to estimate technology parameters determining both the affiliate-level and firm-wide

returns to innovation reported in Sections 5 and 6 below.

3.1 Setup

A multinational firm is composed of a parent and one or more affiliates located in other
countries. In our model, all multinational firm parents are located in a single country of
origin h and belong to the same industry s.!* We define the set of h-based multinational
firms in period t by I(t) = {1, ..., I;}, and the set of firm-i affiliates by J(i,t) = {0, ..., Ju}
in period t. We use the sub-index ¢ for multinational firms, 5 = 0 to denote the parent in
country h, and j > 0 to denote affiliates located outside h; these affiliates may potentially
operate in sectors other than s.

Each multinational firm ¢ makes parent- and affiliate-specific investment decisions in
physical capital, and in knowledge through R&D investment. Firm i also determines the
amount of labor and materials to be used for production at each site. We assume these
investment and input choices are made in discrete time with the goal of maximizing the
firm-wide expected net present value of future cash flows.

To capture possible differences between parent and affiliate operations, in what follows
we allow all structural parameters to differ between the parent and its affiliates abroad. This
is consistent with models of the multinational firm in which parents and affiliates perform
distinct production tasks (e.g. Helpman 1984). We assume that all foreign affiliates in a
firm share identical structural parameters, but allow the relevant input prices and demand
conditions these affiliates face to differ across affiliates depending on the country in which

they are located and the sector in which they operate.

rates and policy incentives—that may influence the productivity evolution of affiliates independently of the
R&D decision.
14n the estimation, an industry is defined at either the two-digit or three-digit SIC level.



3.2 Production

In period ¢, firm ¢’s affiliate j combines inputs to create output @);; according to the following

production technology'®

Qjt = H(Ljt, Kjy; QH)I_amMﬁm Qjt, (1)

where
H(Lj, Kji) = explh(lje, kje; ™)), (2a)
h(Lje, kj; o) = culyy + ke + culy + ks, + ouljikse, (2b)

H = (ay, ag, ag, g, agg) and o = (o, ). In equation (1) above, Q,j; is total

and where «
output, L;j;; is the number of workers, Kj; is effective units of capital, M;;; is materials, and
Q1 denotes the physical productivity of firm ¢’s affiliate j during period ¢.' An advantage
of the translog production function H specified above is its flexibility: output elasticities may
vary across sites and over time within a firm, even under identical production coefficients
o', This flexibility is important in our setting because the affiliates of a given multinational
may operate across countries with different factor-market conditions, and may thus differ
in the optimal relative usage of labor and capital in production.!” We assume parent and
affiliates take input prices for labor Piljt7 capital PZ»’}t, and materials P} as given. However,

these prices may differ across affiliates and time periods .

3.3 Demand

Each affiliate j produces a single variety; we therefore use the index j to identify both an
affiliate and the variety it produces.'® Firm i’s affiliate j faces the following demand function

at period ¢

Qjt = Qnt — ODjt + 0Pt + (0 — 1), (3)

15To keep the notation simple below, we omit the firm index i and use lower-case letters to denote the
logarithm of the corresponding upper-case variable.

16We assume the production function of the parent firm has the same functional form as that of its affiliates
but allow the parameter vector « to differ.

1"The assumption that the elasticity of substitution between materials and the joint output of labor and
capital is equal to one is driven by data availability. Because affiliate materials use is not observed in the data,
we cannot identify the parameters of a production function that is translog in labor, capital and materials.

18Within firm ¢, different affiliates may produce different goods or different varieties of the same good,
allowing the model to capture the possibility that multinationals may also be multiproduct firms.
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where o > 1 is the elasticity of substitution across varieties, n is the market in which affiliate
J is located, pj; is the log output price set by affiliate j of firm ¢ at ¢, and &j; is a demand
shock (or quality shock) that is unobserved to the econometrician but known to the firm
when making its input and output choices at period t. Market-level variables p,; and ¢,
denote the log of the price index and total demand for firms operating in market n.!? Notice
that affiliates need not sell all output to the local domestic market; instead, affiliates located
in the country-sector market n are assumed to face the same aggregate price and quantity
indices.?’ We assume U.S. parent firms also face a demand function of the form in equation
(3) above, allowing for differences in the demand elasticity ¢ and in market-level indices py;

and qp;.

3.4 Revenue and Value Added

We use Yj; = P;; (), to denote the total revenue of affiliate j during period ¢. Given the pro-
duction and demand functions described in Sections 3.2 and 3.3 above, the revenue function

for firm ¢’s affiliate j is
o—1 I
Yjt = Pt + Qut /0 + Y (1 = )DLty kjes @) + ammje + 4],

where 1)j; is the sum of affiliate j’s physical productivity level and its demand shock: v, =
wjt + &j¢. As described in Section 2, we do not directly observe usage of material inputs by
either parent or affiliates in the data. However, assuming firms take the prices of material
inputs as given and optimally determine the amount of materials used in production by each

affiliate j in period ¢ by maximizing the static profits of j at ¢, we can rewrite y;; as
Yjt = by + Bl kjes B) + K2, (4)

where k., is a function of the parameters «,, and o, the price of materials, the output price,

and total expenditure in market n at period ¢. In addition, 8 = afks(1 — ), and?

2 _ (0 —1)
o—ap(c—1)

19Tn the empirical analysis below, we define the market n of an affiliate j as the intersection of the country
and the three-digit SIC sector in which affiliate j operates.

20Reliable data on aggregate consumption and average prices by country-sector for the large set of countries
and years in our dataset is not available. Our empirical analysis therefore considers p,; and g,; as variables
observed by the firm but not by the econometrician.

21Given that 0 > 1 and 0 < v, < 1, 0 < Kk2(1 — @) < 1 and, therefore, the parameters of the revenue
function, B, are always smaller in absolute value that the parameters of the production function a.

11



The term k% denotes affiliate j’s period-t revenue productivity. Similarly, defining the

log of the value added function as vaj = y; — pj; — m;

t» where m7, denotes the optimal

consumption of materials, we derive an expression for affiliate-level value added va;; as
Vajy = :‘iit + h(ljt, kjt; 6) + /‘izwjt, (5)

where k3, is defined in Appendix A.1.22

As we show in Section 6 below, in order to compute the return to R&D investment, it
is enough to know the revenue function parameter vector 5. It is not necessary to know
the production function parameters «. As is immediate from equations (4) and (5), we may
use information on value added, together with information on labor and capital usage, to
identify S.

3.5 The Productivity Process

The value-added productivity v of firm ¢’s affiliate j is assumed to evolve over time accord-

ing to the following stochastic process

Vje = V51 + Nyt (6)

with
o1 = (1= dje—1) (pane + p105e-1) + djem1(p2ne + p20je-1) + g(re-15 p), (7)

and where r,_y = (Fos—1, 7141, .-, Tjt—1, ---, Te—1) 1S the vector of location-specific R&D in-
vestments within multinational firm 7. Specifically, rq;_; is the log R&D expenditure of the
firm’s parent, and rj;_; for j > 0 is the R&D expenditure of its corresponding affiliate j.
The dummy variable d;;—1 = 1{Rj;_; > 0} takes the value 1 if affiliate j performs a positive
amount of R&D during period ¢ — 1, and is zero otherwise. We estimate several variants
of the model, but assume in our baseline setting that the function capturing the impact of

R&D investment on productivity change ¢(-) is defined as follows

g(ri—1; por) = HaTji—1 + fpTor—1.

Notice that the specification in equation (6) is consistent with investment in R&D having
both an expected impact on productivity, as captured by the 97, and an unezpected impact
that is accounted for by the term 7;;, the productivity innovation. This productivity inno-

vation captures exogenous temporary changes in the economic environment that affect the

22Gee Appendix A.1 for additional details on the derivation of equations (4) and (5).
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production process of a firm, such as strikes or extreme weather events, as well as uncertain-
ties inherent to the R&D process. To estimate the model, we assume 7;; is mean independent
of 1j;—1, and is also mean independent of the R&D investment r;_; corresponding to the
parent and each affiliate j at ¢ — 1. However, we allow 7; to be correlated both across
affiliates 7 and between affiliates and the parent firm of the same firm 1.

Equation (7) incorporates a flexible characterization of the expected impact of R&D on
productivity. First, through the parameters p1,; and g, (7) accounts for the possibility
that the productivity impact of performing any innovation activity (R&D > 0), relative to
those affiliates adopting the corner solution of zero R&D, varies across countries, sectors,
and years. These parameters also capture any differences across countries, sectors, and years
in underlying rates of productivity change, including those which may differ depending on
whether affiliates perform innovation tasks. This is particularly important if, for example,
countries differ in the strength of patent protection or the abundance of skilled labor (e.g.
in certain countries, weak patent laws might allow the firm to only partially appropriate the
returns to R&D investment; similarly, differences in the relative supply of skilled workers
across countries may induce differences in variable R&D costs), sectors are differentially
exposed to basic scientific developments that impact productivity change, and time periods
are characterized by different underlying macroeconomic conditions that may be country- or
sector- specific.

Second, through the parameters p; and py, equation (7) allows for a different persistence
of productivity ¢;; when affiliate j adopts the corner solution of zero R&D and when it
chooses a positive R&D level. This explicitly accounts for the possibility that innovative
firms have productivity shocks that are more or less persistent than non-innovating firms.2?

Third, the specification in equation (7) accounts for the possibility that affiliate j’s ex-
pected productivity change depends not only on its own R&D expenditure r;_;, but also
on the R&D investment 7o, of its parent firm. While (7) assumes the impact of parent
R&D investment on affiliate productivity change is symmetric to that of the affiliate’s own
innovation investment, the magnitude of these two effects may differ.?4

We assume that parent-level value-added productivity follows a stochastic process similar

23 According to the specification in equation (7), the effect of R&D investment on productivity exclusively
depends on a binary variable capturing whether an affiliate does any investment in R&D at all. In Section
5.4, we generalize this specification by allowing for interactions between an affiliate’s lagged productivity
and R&D investment to influence its productivity evolution. We also consider other sources of nonlinearity
in that section.

24In Section 5.4, we evaluate specifications in which parent and affiliate R&D may influence productivity
directly over a period of multiple years, which may be important if innovation investment does not result in
immediate efficiency improvement but instead requires refinement over a period of years.
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to that in equations (6) and (7):

Yor = Vo1 + Mot (8)

with
Yor—1 = Mozt + po2tor—1 + HopTor—1- (9)

Note that we have introduced two asymmetries between parent and affiliates specification of
the expected innovation in productivity ¢§. First, equation (9) assumes that parent firms
perform a positive amount of R&D in every time period. Second, while equation (7) allows
innovation investment by the parent firm to potentially affect the evolution of foreign-affiliate

productivity, affiliate R&D in (9) does not impact the productivity of parent firms.?®

3.6 Firm Optimization

In each period ¢, firm ¢ determines its optimal levels of employment, physical capital invest-
ment, R&D investment, and material input use both for the parent company and its foreign
affiliates j = 1,...,J;;. These decisions are taken after innovations to revenue productiv-
ity 1+ have been realized for every affiliate within the multinational firm 7. The Bellman
equation associated with firm ¢’s dynamic optimization problem is, accordingly,

Jit
Vs =, a3 {5 L L M) + 6BV (Syen) S L R} (10
where II(-) is the profit function, V'(-) is the value function, ¢ is the discount factor, and Sj;
is the state vector for firm i. We define S;; = (Sos, Sit, - - -, S7,,¢) With
Sjt = (wjta Qnta Pnt7 Pr:rtba P;ta Pﬁ7 Kjt)7
for every 5 = 0,...,J; in firm i. The choice variables are investment in physical capital
I;;, number of workers employed L;, amount of material inputs M;,, and the level of R&D
expenditure R;;.2® The profit function of firm 4’s affiliate j at period ¢ in equation (10) above
is

I(sji) = Yj — P}, Ljs — Pl My, — Cy (P},

gt

Ly, Kji) — Cr(Ryy), (11)

25Both characterizations are strongly consistent with the data, as our estimates based on alternative and
more flexible forms of equations 5 through 8 indicate in Section 5 below.

26Section 5.4 considers estimates that account for firms’ optimal choice over the set of affiliates J;; as a
function of the state vector S;.
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where C and C,. are general cost functions of investment in physical capital and knowledge.
Knowing the exact functional forms for C} and C) is important for determining the optimal
capital and innovation investment for firm ¢’s affiliate j. These cost functions are, however,
not observable in practice. An advantage of our estimation approach is therefore that it does
not require explicit functional forms for Cy or C,., provided that there exist some functions
O} and C, that rationalize firms’ observed investments in capital and R&D in the data.?”
We assume labor and materials are both fully flexible (static) inputs. Conversely, physical
capital at period t is determined by investment in physical capital in all periods previous to

t according to the following law of motion

Kj = 0K+ Ij—1.

4 Empirical Strategy

We apply the structure introduced in Section 3 to derive an estimating equation that depends

exclusively on observed ouput, choice variables (L, K, R;;), and parameters of interest. In

what follows, we present results using value added as our preferred measure of output.
Allowing for measurement error in observed value added, the value added function (5)

may be generalized as follows
vaje = Ky + h(lj, ki B) 4+ K2 + €51, (12)

where ¢, captures measurement error, and we assume that E[e;;|S)s, Ljs] = 0, for any
5.8 Combining equation (12) with equations (6) and (9), we obtain the following baseline

estimating equation

vaje = h(lje, kje; B) + (1 — dje—1) [Yine + p1(vage—y — h[lje—1, kje—1; B])] + (13)
djt—1[Vont + p2(vaji—1 — hllji—1, kje—1; B])] + YaTji—1 + Vprot—1 + wjs

where Ya = ’QQ,Ua; T = KQ,U/py Yint = Kalint + H?zt - plﬂitfla Yont = KaMont + ’%Zt - /02%21&717
and u;; = /£277jt + et — p1(1 — dji—1)eji—1 — p2dji—1€j1—1. The parameters v, and ~, capture
the elasticities of revenue productivity with respect to R&D investment by affiliate j and its

parent, respectively. The market-year fixed effects pi1,,+ and pa,; capture both the unobserved

YTFor example, costs for each investment could simply be linear Cy(P%,, I;s, Kjt) = P¥I;; and C.(Rj;) =
R;:. However, in practice, the cost of buying I;; effective units of capital is likely to be heterogeneous across
firms due to financial frictions (Midrigan and Xu 2012) or adjustments costs of capital. Similarly, the cost
of investing a fixed amount of dollars into R&D is also likely to differ across firms due to grants, subsidized
loans or tax credits.

28For convenience, vaj; denotes both the theoretical and the observed firm-j value added during period ¢.
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quantity and price indices (embedded in the terms k3, and k3, ;) as well as the market-year

specific changes in revenue productivity, pi1,; and po,,. Finally, the unobserved component
u;; captures both the shock to revenue productivity x£2n;, as well as lagged and current values
of the measurement error.

The complete parameter vector we estimate is (5, p1, p2, Vrs {f1nt }> {f2nt }), Where 5 =
(61, Bk, Bu, Brk, Bu) captures parameters of the value added function, and, for x = 1,2, {ftzn: }
denotes the set of effects p,,; for every nt pair in which there is at least one observation
identifying such effect. Estimating this set of parameters using nonlinear least squares (NLS)
in equation (13) will result in biased estimates unless we assume that labor is predetermined
(i.e. lj; is determined at period ¢ — 1, before n;; is realized) and value added is measured
without error (i.e. €51 = 0).2 If the amount of labor hired by firm j at period ¢ is at least
partially determined after productivity innovations have been observed by firm ¢, then /;; will
be correlated with 7;; and this will give rise to an endogeneity issue known as transmission
bias (e.g., Griliches and Mairesse 1998). Similarly, if our measures of value added suffer
from classical measurement error, va;;—; will be correlated with €5, and this will generate
standard attenuation bias. In order to simultaneously address the potential problems of
transmission bias and attenuation bias, we estimate the parameters of interest in two steps
(see Gandhi, Navarro, and Rivers 2013). In the first step, we exploit information about
the production function that is contained in the firms’ first order condition for labor. This
allows us to recover consistent estimates of (8, i, i) and an structural proxy for ;; for
every period t. In the second step, conditional on these first stage estimates, we estimate
(Brs Brks P15 P25 Vs {V1nt b5 {72ne })- Specifically, in this second step, we first apply the Frisch-
Waugh-Lovell theorem to control for the fixed effects ({7in:}, {72nt}) and then use NLS or
GMM to estimate (S5, Bk, p1, P2, V) Additional estimation details appear in Appendix A.2.

5 Empirical Results

This section applies the estimation procedure described in section 4 above to evaluate the
impact of innovation on affiliate-level productivity change within the multinational firm.
Estimates in this section correspond to multinational firms in the computer industry and the
industrial machinery sector; analogous results for firms in other industries are summarized

in Section 5.4 below.

5.1 Baseline estimates

Computers

29We consider these alternative assumptions in Section 5.4.
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Table 4 provides estimates corresponding to equation (13) for multinational firms in the
computer industry.>® Columns 1 and 2 evaluate the impact of innovation investment on value
added productivity among U.S. parent firms, while columns 3-6 correspond to their foreign
affiliates. All estimates are based on the full sample of majority-owned, manufacturing
affiliates that are associated with a U.S. parent firm in the industry under evaluation.

Estimates in columns 1 and 2 indicate parent innovation has a strong, positive impact on
parent value-added productivity in subsequent periods. The estimated coefficient on parent
R&D in column 1 (4g, = 0.0109, standard error = 0.0043) suggests raising parent innovation
by 1 percent during period t—while holding all other production inputs fixed—would lead
to an increase in parent value added of 0.0109 percent, on average. This immediate, short-
run impact of innovation on productivity is further compounded over time through the
high degree of estimated U.S. parent productivity persistence (pg2 = 0.9200, standard error
= 0.0244), which implies a long-run value added elasticity of 0.136 percent. Column 2,
however, indicates R&D performed at a firm’s affiliated foreign locations has, on average,
only a negligible effect on the productivity of the corresponding U.S. parent.

By contrast, columns 3-6 suggest parent and foreign-affiliate innovation are both impor-
tant determinants affiliates’ subsequent productivity change. Specifically, the estimates in
column 3 indicate an affiliate’s own R&D expenditure significantly impacts its future pro-
ductivity, independently of innovation performed elsewhere within the firm (9, = 0.0159,
standard error = 0.0040). This immediate impact is again magnified over time through the
high degree of estimated productivity persistence ps and p; among affiliates; although the
model allows flexible differences in productivity persistence depending on whether the affili-
ate performs R&D or not, the data indicate these differences are not statistically important
for the specifications considered in Table 4.3

Column 4 evaluates a specification that also includes the R&D expenditure of each affil-
iate’s corresponding U.S. parent. This specification is thereby able to evaluate the influence
of parent innovation on productivity and value added increases realized abroad within the
same multinational firm; as such, these estimates may be of particular interest from a policy
perspective. Specifically, it may be important for governments considering policies aimed at
stimulating local innovation to understand the impact of such policies not only on domes-
tic productivity growth, but also on growth in foreign countries realized through technology
transfer within the multinational firm. The value of policies aimed at attracting foreign direct

investment may likewise hinge on the extent to which domestic affiliates realize their well-

30The computer industry [SIC 357] includes computer hardware and disk-drive firms and thus forms a
narrow subset of the industrial machinery sector [SIC 35] discussed below. As constructed, the computer
industry is defined at the full extent of industry disaggregation possible in the data.

31The estimates p; and pg are statistically indistinguishable in columns 3-6. However, because estimates
in specifications below suggest the presence of statistically important differences in productivity persistence,
we nevertheless provide this flexibility throughout the analysis.
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documented productivity premium (e.g. Guadalupe, Kuzmina, and Thomas 2012) through
the transfer of valuable technology developed abroad, rather than through foreign firms se-
lecting the most productive inputs and existing production plants. The estimates in column
4 strongly suggest the importance of parent R&D investment as a highly significant deter-
minant of affiliate productivity change (4, = 0.0105, standard error = 0.0040). Columns 5
and 6 confirm that these estimates are robust to controlling for the total R&D investment
of other affiliates in the same firm; estimates corresponding to other-affiliate R&D are not
statistically different from zero and are thus suppressed.??

Column 4 also indicates that 4, exceeds 4,. This pattern, which indicates affiliate pro-
ductivity is on average more responsive to a marginal increase in its own innovation than to
an increase in its U.S. parent innovation, is consistent with the presence of knowledge fric-
tions that limit firms’ ability to transmit parent knowledge to distant affiliates (e.g. Arrow
1962, 1969); the observation is also consistent with a vertical firm structure in which parent
and affiliate operations perform distinct tasks that, accordingly, require distinct forms of
innovation. Notice also that the impact of parent innovation on affiliates is comparable to
the local impact of parent R&D on parents’ productivity, on average. It would thus seem
these estimates support the idea that the documented productivity gap between multina-
tional parents and their generally less-productive foreign affiliates (e.g. Tintelnot 2014) may
be driven largely by differences in the long-run impact of R&D, as determined by parents’
higher productivity persistence, rather than their short-run impact.

Across all six columns of Table 4, production function coefficients § further indicate the
importance of both labor and capital inputs as determinants of affiliate output levels. Table
4 describes the scaled input elasticities implied by B given the sample distribution of labor
and capital; the estimated scaled labor elasticity is 0.45, while estimates span a narrow range
around 0.17 for capital inputs. The importance of labor relative to capital inputs is larger
among U.S. parents.

Notice that specifications 3—6 in Table 4 include a full set of country-year and sector-year
fixed effects, in addition to a second set of country-year and sector-year fixed effects that are
interacted with an indicator for whether the affiliate performs R&D dj; = 1{R;; > 0} = 1,
as indicated in section 4. These fixed effects are important for several reasons. First, affiliate
value added y;;; in the model is a function of the aggregate price P,; and demand level Q,;
in the affiliate’s local (country-sector) market n during period ¢t. Because our panel spans
such a large set of countries and years, it is not possible to obtain direct proxies for P,; and

Qn: corresponding to the full set of observations for each industry considered.?® By relying

32Innovation investment and productivity growth rates may be persistent and correlated across firms,
raising the question of whether unobserved firm characteristics drive both. [What would we like to say
here?]

33Data are available that would enable us to construct these proxies for certain countries and years. While
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instead on fixed effects, we are able to recover all relevant technology parameters within the
complete sample of countries and years.

Second, the fixed effects approach has the significant further advantage of controlling
for any systematic component of affiliate value added, as well as any systematic component
of affiliate productivity growth, that may depend on local conditions and may differ across
innovating and non-innovating affiliates. These conditions include, for example, local taxes
and subsidies, intellectual property rights, the quality of R&D inputs available, productivity
spillovers from domestic research universities and firms, infrastructure quality, and so on.
Local taxes and subsidies may, in particular, impact firms’ incentives to engage in strategic
revenue relocation across affiliate countries (Hines and Rice 1994, Hines 1997, Blouin, Robin-
son, and Seidman 2013); we further evaluate the robustness of our results to this possibility
below, but notice that as a baseline, the market-year fixed effects already capture systematic
differences in affiliate profitability across locations and periods—including differences that

may be pronounced among affiliates investing in R&D.

Industrial machinery

Table 5 extends the analysis presented in Table 4 to also include firms in the broader
industrial machinery sector, of which the computer industry is a part.

Estimates across columns 1-6 match the qualitative pattern of results in Table 4. Columns
1 and 2 both indicate parent innovation has a positive and highly significant impact on the
subsequent value added and value-added productivity of the parent. The estimated coeffi-
cient on parent R&D in column 1 is both larger and more precisely estimated g, = 0.0145,
standard error = 0.0015) than its analog in Table 4, and implies an immediate, short-run
impact of parent R&D that is compounded by the persistence in parent-level productivity
(pop = 0.8384, standard error = 0.0105). The resulting long-run elasticity of output with
respect to parent R&D is 0.90 percent.

Columns 3-6 again indicate parent and foreign-affiliate innovation are both important
determinants affiliates’ subsequent productivity change. Specifically, column 4 includes the
affiliate’s own R&D and its U.S. parent R&D investment. The estimates in column 4 strongly
suggest the importance of parent R&D investment as a determinant of affiliate productivity
change (4, = 0.0105, standard error = 0.0040), even after controlling for affiliates’ own
R&D investment. However, to a greater extent than in the computer industry above, it is
apparent that the local impact of R&D investment is significantly larger than the impact
of R&D on other sites within the same firm: parent innovation has a larger impact on

parent productivity than on affiliate productivity (40, > 4,) and affiliate innovation has a

doing so would have the advantage of freeing our estimation approach from handling a large number of fixed
effects, it would also preclude evaluation of firms’ full set of production locations, thus limiting our ability
to correctly estimate innovation returns.
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greater impact on affiliate productivity than it has on parent productivity (9, > J04). Again,
this pattern of results is consistent with the presence of knowledge frictions (Arrow 1962,
1969), as well as R&D differentiation. It is also apparent that the productivity of affiliates
performing any R&D decays over time significantly more rapidly than the productivity of
affiliates not performing R&D (py = 0.6638 < 0.7377 = p;).3* Columns 5 and 6 confirm that
these estimates are robust to controlling for the total R&D investment of other affiliates in

the same firm.

5.2 Heterogeneous effects of parent R&D

The models estimated above presume multinational affiliates within an industry share com-
mon technology parameters, including that governing the impact of U.S. parent R&D on
subsequent changes in productivity and output. However, it is possible that observable
characteristics of countries, firms, and affiliates condition the influence of innovation on affil-
iate productivity change. We therefore evaluate simple extended versions of the model (13)

that accommodate heterogeneity. Specifically, we define

9(Te15%) = YaTjt—1 + Vp Tot—1 + Vo Tor—1Xijt—1 + 6 Xijt—1, (14)

where x;j¢—1 is a characteristic of interest that may influence the overall impact of parent
R&D 7¢;—1 on affiliate-j productivity. For example, an affiliate located industrially close to
its U.S. parent, in that both share not only the same primary industry, but also demon-
strate substantial overlap in secondary and tertiary activities, may receive systematically
more gains from U.S. parent technology investment than an affiliate with a lower degree of
observed industrial overlap with its parent. Tables 6 and 7 evaluate linear models featuring
such forms of heterogeneity in the impact of parent R&D on affiliate productivity for com-

puter and industrial machinery firms, respectively.

Intrafirm transactions

Estimates in Tables 6 and 7, column 1 suggest the importance of intrafirm trade in in-
tangible technology assets for firms in both industries. Building on Tables 4-5, the estimates
in column 1 account for observed technology transactions between affiliates and U.S. parent
firms by defining x;;; = Royalties,j;, the log value of royalties paid by firm 7’s affiliate j to
its parent, in (14) above.

In the data, affiliates report royalties and license fees paid for the use of proprietary

34These estimates are consistent with Bilir (2014), which finds a negative correlation across industries
between R&D intensity (the ratio of R&D to sales) and the average length of product lifecycles, which
reflect technology obsolescence rates among U.S. patents. Doraszelski and Jaumandreu (2013) also finds
evidence of higher knowledge persistence among non-R&D performing plants than among R&D performers.
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intellectual property and intangible assets owned by the U.S. parent. The existence of such
payments between a parent-affiliate pair is thus strongly suggestive of within-firm technology
transfer that is directed from a U.S. parent to its foreign affiliate (see also Branstetter
et al 2006). In line with estimates in Tables 4-5, which indicate a significant impact of
parent innovation on affiliate productivity, the data show that a substantial share of sample
affiliates in the computer (52 percent) and industrial machinery (40 percent) sectors pay
technology-related royalties to the U.S. parent. Moreover, affiliates with Royalties;;; = 0
report lower average levels of value added, assets, employment, and plant, property and
equipment, consistent with the idea that such affiliates receive relatively less value from U.S.
parent innovation and that differences in intangible technology trade may capture meaningful
variation in technology received. The estimates in column 1 indicate that the elasticity of
affiliate value added with respect to parent R&D invested during the previous period is
indeed systematically increasing in intrafirm royalty and license fees paid by affiliate j to its
U.S. parent (9, = 0.0019, standard error = 0.0005, Table 6, mean elasticity 0.0103).

U.S. parent technology may be transferred to foreign affiliates in either embodied or dis-
embodied forms (Keller and Yeaple 2014). While Royalties,;, captures the latter, the former
is related to trade in tangible goods. To evaluate the importance of this channel we define
Xijt = Imports,;,, the value of imported goods purchased by firm 4’s affiliate j from the
U.S. parent, in column 2, Tables 6 and 7. The estimates in both industries indicate the
elasticity of affiliate value added with respect to parent R&D invested during the previous
period systematically increases in intrafirm imports received by affiliate j from its U.S. par-
ent (9, = 0.0009, standard error = 0.0005, Table 6, mean elasticity 0.0070). The data are
thus consistent with the idea that affiliates receiving imports from the U.S. parent benefit

systematically more from its R&D investment.®

Distance between parent and affiliate

At the industry level, data on multinational activity is consistent with the idea that
knowledge flowing from parent to affiliate in embodied form—for example, through a physi-
cally traded input—declines with the geographic distance between parent and affiliate (Keller
and Yeaple 2014). Similarly, it is natural to hypothesize that the impact of parent innovation
on an affiliate may be related to the industrial distance separating the two operations, where
industrial distance reflects the extent of overlap between parent and affiliate production
tasks. To evaluate the importance of these two forms of distance, we evaluate specifications
in Tables 6 and 7 in which x;;; = Geographic Distance; ;, and x;;; = Industrial Distance;j;

where each form of distance is that between firm i’s affiliate j and its U.S. parent; Industrial

35If intrafirm imports are not priced competitively, the assumption placed on M;;¢ pricing in section 3
above is not upheld. Below, we therefore confirm that the results are qualitatively robust to restricting the
sample to affiliates with below-median imports as a share of intermediates.
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Distance is the simple Euclidean norm between the distribution of parent and affiliate activ-
ity across their respective top five industries. The results indicate that in both industries,
affiliates located far from the U.S. parent in industry space experience a smaller impact
of parent R&D on productivity change. Unsurprisingly, in the relatively broad industrial
machinery sector, the coefficient 4, is more strongly negative than in the narrow computer
industry, in which the scope for industry variation is relatively limited. By contrast, the
data do not appear to support a systematic influence of geographic distance on the impact

of parent innovation.

Complementarity between parent and affiliate R€D

The baseline model in section 3 implicitly considers parent and affiliate R&D as sub-
stitutes in determining affiliate productivity change. We also evaluate a specification that
considers whether the data instead indicate complementarity in innovation investment across
firm locations. Specifically, in Tables 6 and 7, column 4 evaluates (14) defining x;;; = 74jt, S0
that the specification includes an interaction between parent and affiliate R&D investment.
In both industries, the estimates indicate parent innovation has a productivity impact that
increases in affiliates’ own R&D investment. Moreover, including this interaction in both
cases reduces the independent effect of affiliate R&D. The estimated complementarity be-
tween parent and affiliate R&D is higher in the narrowly-defined computer industry; this
suggests the possibility either that complementarity is stronger in the computer industry, or
that within a narrowly-defined industry, parent and affiliate innovation are more likely tar-

geting related product and process challenges, and are thus inherently more complementary.

Nonlinear productivity process
To further evaluate sources of heterogeneity across firms in the impact of innovation on
productivity change, we consider an extended set of specifications featuring multiple forms

of nonlinearity. Define the following process for affiliate-level productivity

S = (I=dje—1)(p1ne + p1¥ji—1) + djr—1(pane + p2v0ji—1) + P3je—17jt-1
+ P4¢]2-t71 + faTji—1 + fpro—1 + PsTo—1Vji—1 (15)

which is to be evaluated in place of (7) for firms in the computer and industrial machinery
sectors. In (15) above, notice that the expected period-t productivity of affiliate j depends
on its past productivity through both linear and squared terms, as well as through interac-
tions between productivity at ¢t — 1 and affiliate-j R&D investment r;_; and parent R&D
investment rp;_1. This nonlinear specification is thus able to account for flexible forms of

heterogeneity in the influence of R&D on productivity change, whereby the impact of parent
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or affiliate R&D investment may differ across affiliates depending on their initial productivity
level.

Corresponding estimates for both parents and affiliates in each industry appear in Ap-
pendix Tables A.1 and A.2. The estimates imply empirical distributions for affiliate-level
productivity persistence, as well as for the impact of parent and affiliate R&D on produc-
tivity change; these distributions appear in panels A, B, and C of Figures 1 and 2. In both
sectors, relatively productive affiliates are found to receive larger gains from parent R&D
than less productive locations. Accordingly, the impact of parent R&D on affiliate produc-
tivity change follows a distribution with mean 0.0033 for computer firms and 0.0060 for
industrial machinery firms. For affiliates with the initial productivity levels around the 95th
percentile, the impact rises to 0.0122-0.0136, while affiliates with the smallest levels of initial
productivity report a slightly negative impact of parent innovation. The results continue to
support the conclusion that an affiliate’s own innovation, and its parent firm’s innovation,

are important sources of productivity gain.

5.3 Endogenous R&D investment

The estimates above rely on an assumption that multinationals” R&D investment choices
in period t are independent of the productivity innovation realized in period t + 1, 7;41.
However, this assumption may not be upheld if firms make other investments at t that
influence productivity and are correlated with R&D choices, but that are unobserved in
the data. For example, firms may choose to raise future productivity by acquiring new
technologies from external sources rather than developing them internally; firms may also
actively substitute between technology acquisitions and internal development through R&D
investment, leading to a correlation between the two; but while R&D is observed in our
dataset, private technology acquisitions are not. In this setting, R&D would be correlated
across firms and periods with an omitted variable that influences future productivity change
7, thus posing an interpretation challenge for the estimates above

To isolate the independent influence of parent R&D on subsequent productivity while
allowing for the possibility of these alternative forms of investment, we introduce variation
in location-specific innovation incentives faced by firms in the data. Specifically, the multi-
national firms in our dataset operate headquarters located in one U.S. state, which has a
prevailing state-year level R&D tax credit that impacts R&D costs; as in Bloom et al (2013),
we rely on a Hall-Jorgenson user cost of R&D based on state-year level R&D tax credit in-
formation in Wilson (2009). Using the address of the U.S. headquarters for each firm in our
dataset, we build the relevant state-year user cost of R&D and rely on variation in this as an
instrument for U.S. parent R&D investment. The data reveal strong correlations between

a parent’s R&D investment and its associated user cost of R&D; in the computer industry,
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conditional and unconditional correlations are -6.98 and -6.52, respectively.

While state tax incentives provide a natural source of variation in R&D investment for
parent firms in the United States, foreign affiliates of U.S. multinationals operate in locations
that differ substantially in other forms of institutional quality that also influence innovation
choices. Specifically, affiliates in countries with strong intellectual property rights protection
may be more attractive locations for R&D investment, as such protections condition firms’
ability to appropriate the returns to innovation (Grossman and Lai 2004, Bilir 2014). As
such, firms may be inclined to view affiliates located in strong institutional environments as
closer substitutes for a firm’s U.S. headquarters when determining the level and allocation of
R&D investments to pursue. A firm facing a significant decline in the generosity of its head-
quarters research credit may, for example, decrease its headquarters innovation investment
and increase its investment among affiliates in strong-patent countries. We thus interact the
relevant state-year user cost of R&D faced by each firm-year with the strength of intellectual
property rights for each affiliate country-year (Ginarte and Park 1997, Park 2008) and use
variation in this interaction as an instrument for foreign-affiliate R&D investment. The data
indeed reveal strong correlations between an affiliate’s R&D investment and the interaction
between the affiliate’s local intellectual property protection and the user cost of R&D faced
by its U.S. parent; in the computer industry, conditional and unconditional correlations are
1.41 and 0.70, respectively.

Tables 8 and 9 replicate the specifications appearing in Tables 4 and 5, but rely on an
GMM estimator that corrects for endogeneity in R&D investments using the policy instru-
ments described above. The resulting estimates are qualitatively identical to those in Tables
4 and 5. The influence of parent innovation on both parent and affiliate productivity change
is positive and statistically significant. Similarly, foreign affiliate R&D investment signifi-
cantly impacts affiliate productivity change, and both parent and affiliate operations exhibit
considerable persistence in productivity over time. It is apparent in Tables 8 and 9 that
in both the computer and industrial machinery sectors, the estimated importance of R&D

investment is increased by correcting for the endogeneity of innovation investment.3°

5.4 Robustness and Alternative Specifications

We subject our estimation results above to a series of robustness checks and alternative spec-
ifications to evaluate their stability. First, because our setting involves multinational firms,
concerns arise regarding the use of reported affiliate-level value added y;;; as a measure of
output given multinationals’ profit-shifting motives documented in Hines and Rice (1994),
Hines (1997), Blouin, Robinson, and Seidman (2013), and elsewhere. While the inclusion of

36These increases are consistent with a strong negative correlation between firms’ observed R&D invest-
ment and any other correlated, but unobservable investments.
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an extensive set of market-year fixed effects and their interaction with indicators for affiliate
R&D performance likely captures most variation across affiliates in transfer pricing motives,
concerns may nevertheless remain. In an additional set of tests, we re-estimate Tables 4-5
excluding counties known to have policies that encourage revenue relocation across borders:
the list of excluded countries is from Gravelle (2015).3” U.S. multinationals may also engage
in intrafirm input trade at non-competitive input prices, contrary to the assumption on M,
pricing in section 3 above. We therefore reevaluate all results within a sample restricted to
affiliates receiving low or zero intrafirm imports. To account for the further possibility that
parent innovation is measured with error, we replicate all results above clustering standard
errors at the firm-year level. In addition, we replicate our analysis above for four other man-
ufacturing sectors: chemicals [SIC 28], electronics [SIC 36|, transportation equipment [SIC
37], and instruments and devices [SIC 38]. We also replicate results using an alternative
dataset for each industry that includes both manufacturing and retail affiliates. Finally, we
consider an alternative timing assumption whereby labor inputs are predetermined and thus
not subject to endogeneity concerns; under this assumption, all 8 parameters of the produc-
tion function may be estimated in a single step. With the exception of this last adjustment,
we find qualitatively identical results under each of these alternative specifications.
Because the full impact of parent innovation may occur over a period lasting longer
than one year, we also consider an alternative timing assumption by allowing parent R&D

investment summed over the previous five years to influence affiliate productivity evolution,

9(Ti—14-5 %) = YaTjt—1 + Vp5 Tot—1¢—5, (16)

where ro;_1;_5 = log(Zi:_B Rys). This approach is conceptually related to Griliches (1979),

though our aim is not to build a stock of knowledge capital, but rather to allow for the
possibility that the impact of R&D may be realized multiple years after it is performed.
The estimates reveal qualitatively similar results to those appearing in Tables 4 and 5, but
with larger point estimates. Similar to Aw, Roberts, and Xu (2008), we further extend our
estimation approach to allow parent innovation to impact affiliate productivity flexibly for
up to four years, with separate parent R&D variables corresponding to investment in period
t — 1, t— 2, and so on. This exercise indicates parent innovation tends to have a positive

impact as far back as period t — 2. However, the impact of affiliate’s own local innovation

37This list was prepared by the U.S. Congressional Research Service and is closely based on OECD and
GAO lists, as well as that appearing in Dharmapal and Hines (2009). The list of countries excluded is: An-
dorra, Bahamas, Bahrain, Barbados, Bermuda, Costa Rica, Cyprus, the Dominican Republic, French Islands
- Pacific, French Islands - Indian Ocean, French Islands, Gibraltar, Hong Kong, Ireland, Jordan, Lebanon,
Liechtenstein, Luxembourg, Macau, Maldives, Malta, Mauritius, Monaco, Netherlands, Netherlands Antilles,
Panama, Seychelles, Switzerland, Singapore, United Kingdom Islands - Caribbean, and Virgin Islands. These
locations account for 15% of sample observations in the computer industry, and 11% in industrial machinery.
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appears shorter-lived, primarily occurring within the first year after investment.

6 Implications for the Multinational Firm

In this section, we use the estimates reported in Section 5 to compute estimated return to
innovation investment by U.S. parent firms. We first determine the elasticity—holding all
other production inputs fixed—of parent and affiliate value-added productivity with respect
to parent R&D. Second, we evaluate the effect of a infinitesimal increase in parent R&D
on productivity and output levels by parent, affiliate, and firm, again holding other inputs
and firm structure fixed. Finally, using the latter estimates, we determine how much U.S.
parent R&D increases firm productivity and output abroad relative to its overall impact,
and characterize the empirical distribution of this foreign impact share across U.S.-based

multinational firms.

6.1 Output elasticities with respect to innovation

The evolution of parent productivity ¢y, which jointly reflects parent physical productivity
and product quality, is described in section 3, equations (8) and (9). This process, along with
the production technology and demand function, implies the elasticity of expected parent

value added in year ¢ with respect to parent R&D investment during period ¢ — 1 is

81E[va0t|5it_1]

= "Yop-
Orot—1

Notice that o, is also the elasticity of expected value-added productivity in year ¢ with
respect to parent R&D, and corresponds to the estimated coefficient on r¢;_; appearing in
columns 1 and 2 of Tables 4 and 5, where r¢;_; is the log of U.S. parent R&D investment
at t — 1 and wag, is the log of U.S. parent value added at t. Similarly, for each foreign
affiliate j of firm i, the elasticities of period-t expected affiliate value added, or value-added

productivity, with respect to parent and affiliate R&D investment during period ¢t — 1 are

G]E[vajt|5it_1]

Orot—1
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respectively, which are the coefficients on parent R&D 7¢,_; and affiliate R&D 7;,_, appear-
ing in columns 3-6 of Tables 4 and 5. As reviewed above, the estimated elasticities with
respect to parent R&D range between 0.085 and 0.145, while that with respect to affiliate

R&D ranges between 0.0140 and 0.165 depending on the specification.

Comparison with previous estimates
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The estimates 7o, and 7, may be compared, up to a scalar, with magnitudes from the
existing literature. Notice that estimating equation described in section 4 provides a method
for recovering 7o, = K%po, and 7, = K?p,, where ks is scalar that depends on the demand
and production parameters o and «,, (section 3.4). The key distinction between the p and v
parameters is that while p captures the elasticity of 1;, the sum of physical productivity and
product quality, with respect to innovation, v is the elasticity of value-added productivity,
and of value added, with respect to innovation.

Comparing our estimates with those in Doraszelski and Jaumandreu (2013), which uses
observed prices and material inputs to estimate productivity process parameters directly,
thus requires scaling recovered elasticities by (#?)~!. Applying their estimate of &, = 0.691
for Agriculture and Industrial Machinery, the closest of the ten industries considered to the
industrial machinery sector evaluated here, it is possible to compare their estimated mean
elasticity (see their Table 7) against those in Table 5 above; their Table 7 reports a mean elas-
ticity of output with respect to R&D of 0.005 in Agriculture and Industrial Machinery. Using
the Broda and Weinstein (2006) elasticities, we construct an estimated ¢ = 2.95, somewhat
above the cross-industry average estimate ¢ = 2 reported in Doraszelski and Jaumandreu
(2013). Multiplying their elasticity estimate by 4% = 1.216 results in a value-added elasticity
of 0.0061 that may be compared with both affiliate 4, = 0.0085 (Table 5, column 6) and
parent 4, = 0.0132 (Table 5, column 2) estimates. The estimated elasticity corresponding to
U.S. firms’ foreign affiliates in the industrial machinery sector are remarkably close to that
reported in Doraszelski and Jaumandreu (2013), which is perhaps not surprising given that
their estimation is based on a panel of Spanish plants that are not likely parents of a multi-
national firm. However, the estimated elasticities corresponding to U.S. parent firms are
more than twice as large, possibly indicating the exceptional nature of innovation within the
headquarters of a large multinational firm. The ‘plant-level’ estimates in Tables 4 and 5 also
fall within the range of elasticities surveyed in Hall, Mairesse, and Mohnen (2010), despite
distinct differences between the econometric technique considered here and that applied in

the surveyed articles, with the exception of Doraszelski and Jaumandreu (2013).

6.2 The private return to innovation

Plant-level RED returns
To determine the short-run return to R&D investment, we proceed by translating the
elasticities described above into derivatives that capture the impact of R&D investment on

value added in levels; this approach is standard in the literature (e.g. Hall, Mairesse, and
Mohnen 2010, Doraszelski and Jaumandreu 2013). The short-run return to parent R&D
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investment that is realized by the innovating parent is

OE[VAq|Sit—1]
ORoi—1

= Yop VAo:/ Rot—1,
and likewise, the short-run returns to parent and affiliate R&D investment realized by foreign

affiliate j are

OE[VA | Sii—1]
ORoi1

OE[VA ;| Si—1]
ORji—4

= prVAjt/ROtfl, and

= ’yaVAjt/Rjtfla

respectively. Long-run innovation returns, which are more easily compared with rates of
return to other forms of investment, are a function not only of output elasticities, but also of
estimated productivity persistence p in the Markov processes (6) and (8). Specifically, the

long-run return to parent R&D investment that is realized by the parent is

lim 0% o E[VAgiu|Si—1] _ Y VAa
§—00 8R0t,1 (1 - pO)ROtfla

and the long-run returns to parent and affiliate R&D investment realized by its foreign

affiliate j are

lim 32220 E[VA i 14| Sit—1] _ p VA i

§77e0 ORor—1 [1 - P(J')]Roplj
and

lim 52220 E[VAji1 ] Sit—1] _ Yo VAt

5700 ORji—1 (1= p(j)] Rje—1

respectively, where the productivity persistence p(j) = d;jr p1 + (1 — diji) po takes on different
values depending on whether or not affiliate j performs R&D during period t.

The top panel of Figure 3 plots estimated parent-level returns to parent R&D for com-
puter firms. The estimates reveal substantial heterogeneity in both local short-run and local
long-run rates of return to parent innovation. For the median firm, the return to parent R&D
realized by the parent itself is just 8.6 percent, 19.0 percent after correcting for endogeneity,
in the short run; long run values for the median firm are 43.9 percent and 96.2 percent,
respectively. This latter estimate indicates a 1 percent increase in parent R&D generates,
on average, a 0.962 percent increase in parent value added. However, for firms at the upper
end of the distribution of parent value added to R&D investment, the estimated return to
innovation is substantially higher; for firms at the lower end, it approaches zero.

A similar pattern of local returns to parent innovation may be observed within industrial

machinery firms (Figure 4, top panel), though effects are generally higher than in the com-
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puter industry. For the median firm, the short-run return to parent R&D realized by the
parent itself is 17.7 percent, 70.2 percent after correcting for endogeneity; long-run values
are higher, at 19.9 percent and 100.0 percent, respectively.

The foreign affiliate-level return to parent R&D also follows a distribution across affili-
ates, but one with substantially smaller magnitudes. The short-run return to parent R&D
realized by the median affiliate in the computer industry is just 0.014 percent, 0.087 percent
after correcting for endogeneity; long run values are 0.078 percent and 0.44 percent, respec-
tively. Affiliate returns to affiliate R&D are larger at 42.3 percent in the short run, with

comparable values within industrial machinery firms.

The firm-level RED return
The firm-level return to parent innovation reflects the combined impact of R&D on both
parent and foreign affiliates within the same firm. Specifically, summing the marginal returns

above across firm locations, the short-run firm-level return to parent R&D is

O [VAit ‘ Sz'tfl] - 8E[Zj VAjt | Sz‘t—l]
8R0t71 aROtfl

= (Yop VAo + Z VAji)/Rot—1,
J#0

where VA;; is firm ¢ value added accounting for all affiliated locations. The center panels in
Figures 3 (computers) and 4 (industrial machinery) plot the distribution of these firm-level
returns across firms as well as their long-run analog. The median returns are higher, at 9.68
percent for computer firms, 23.1 after correcting for endogeneity, in the short run; long-run
firm-level returns are also higher at 49.3 percent, and 1.19 percent after correcting for the
endogeneity of R&D. The distribution of returns is skewed, with firms at the upper range
earning exceptionally high returns to R&D. For the average firm, the short-run return to
parent R&D is 30.9 percent, while the long-run return is 162 percent, even before correct-
ing for endogeneity. Magnitudes are similar for innovation returns in industrial machinery.
Moreover, median-firm long-run rates of return are high relative to, but within the range of,
other existing estimates in Hall et al (2010) and Jones and Williams (1997); long-run returns
for the average firm are consideraly higher.

The distribution of firm-level returns to U.S. parent R&D is similar in shape to that
of parent-level returns. But the higher magnitudes across the distribution are due to the
impact that parent R&D has on the productivity and value added of multinational affiliates
abroad. The lower panels of Figures 3 and 4 plot the cross-firm distribution in the share of
firm-level returns to U.S. parent R&D that is realized among firm foreign affiliates. In the
computer industry, the estimated return share ranges as high as 45 percent in the short run
(50 percent in the long run), and as high as 70 percent after correcting for the endogeneity

of both parent and affiliate R&D investment. The median share of returns earned abroad
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is approximately 15 percent, and is closer to 30 percent once endogeneity is accounted for.
According to these estimates, most U.S.-based multinational firms earn a substantial share

of innovation returns abroad.

6.3 The impact of U.S. parent innovation on value added abroad

The estimates in section 5 indicate innovation investment by U.S. parents has a significant,
positive impact on productivity and value added, not only for the parent, but also for
its affiliates abroad. An implication of this empirical result is that U.S. R&D investment
performed by multinational parents, which as noted in the introduction accounts for nearly
all private U.S. R&D investment and is eligible for U.S. research subsidies, increases both the
productivity and earned value added of foreign firms. For countries abroad that host a large
population of multinational affiliates, our results indicate this cross-border productivity link
translates into an economically significant impact of U.S. R&D on value added, or GDP, in
these foreign-affiliate host countries.

Figures 5 and 6 (top panel) provide maps indicating the distribution of the market-level,
one-period ahead return to U.S. parent R&D across host countries for firms in the computer
and industrial machinery sectors. For each industry, one-period ahead return for country n
is

8E[Z]§,}£Z/_th|5n—1] . Z VA, Bor 1.

JjEN

Darker shades in Figures 5 and 6 correspond to systematically higher country-level returns
for computers and industrial machinery, respectively; countries shaded white do not host U.S.
multinational affiliates in these industries. The five countries receiving the largest industry-
level impact of U.S. parent R&D are the United Kingdom, Germany, Canada, Japan, and
France in the computer industry; for industrial machinery, Germany, the United Kingdom,
France, Canada, and Mexico receive the largest gains in sector-level GDP from a marginal
increase in U.S.-parent R&D investment.

The market-level return above is based on the marginal impact on value added of an
infinitesimal increase in parent R&D. To instead obtain a proxy for the overall impact of
observed parent R&D levels relative to host-country GDP, suppose that the marginal impact
of R&D is comparable across each dollar of parent R&D spent, and that the marginal impact

is equal to that estimated in section 5 above. The total market-specific impact of U.S. parent
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innovation investment relative to aggregate GDP in host-country n is then

OB ;e VA [Sit—1] Rois
@Rot,l GDPnt

JEN

The lower panel combines the country-level impact with aggregate GDP in the host country,
and shows the distribution across countries in the ratio of the impact of parent R&D in-
vestment to host-country GDP. Top countries are Malaysia, Canada, UK, Belgium, Sweden,

Finland in industrial machinery; Swaziland, Malaysia, Canada, UK, Denmark for computers.

7 Conclusion

This paper uses detailed information on parent and affiliate-level innovation and production
to measure the private return to multinational firms’ innovation investment. We develop a
dynamic model of firm innovation that explicitly accounts for intrafirm knowledge transfer
across production sites. The model provides a detailed empirical framework that we apply
to estimate innovation returns within a comprehensive panel of U.S. multinationals during
1989-2008. We find that the data are consistent with innovation generating returns at firm
locations beyond the innovating site within five major manufacturing industries. Specifically,
accounting for cross-plant effects of innovation, our estimates indicate conservatively that
firms realize between 30 and 40 percent of the return to U.S. parent R&D abroad, suggesting
single-plant estimates may understate firms’ gain from innovation.

Government industrial policy—including innovation and production incentives—is likely
to be a key force shaping multinationals’ activity across countries (Hines 1994, 1995). Many
countries including the United States subsidize private R&D to encourage local innovation
and growth. Our results indicate that local policies aimed at stimulating innovation may
indirectly contribute to productivity gains abroad. Evaluating the implications of this effect
for policies including the R&D tax credit and intellectual property reform is an important
area for future research.

Finally, our estimates are connected to a literature that has examined the equilibrium
relationship between international technology diffusion and economic growth across coun-
tries. The results presented here reveal that multinational activity systematically influences
the diffusion of ideas across countries through a within-firm channel. Our estimates thus
indicate the potential importance of future research aimed at building active agents and

directed technology diffusion into models of international idea diffusion and growth.
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Table 1: Summary Statistics by Industry, 1989-2008

Industrial Instruments Transportation
Industry Machinery  Electronics and Devices Chemicals Equipment
Affiliate-Level Variables
Log value added, mean 10.43 10.45 10.37 10.47 10.57
Standard deviation 1.23 1.18 1.1 1.18 1.29
Log labor (number of employees), mean 5.94 6.12 5.81 5.74 6.25
Standard deviation 1.31 1.35 1.29 1.25 1.43
Log capital, mean 9.74 9.96 9.79 10.06 10.17
Standard deviation 1.78 1.82 1.78 1.81 1.81
Log R&D expenditure, mean 7.21 7.60 7.53 7.24 7.70
Standard deviation 1.97 2.01 1.90 1.97 2.02
U.S. Parent-Level Variables
Log value added, mean 14.26 14.20 13.82 14.52 14.97
Standard deviation 1.55 1.55 1.62 1.44 1.70
Log labor (number of employees), mean 9.63 9.62 9.21 9.53 10.47
Standard deviation 1.42 1.46 1.53 1.28 1.47
Log capital, mean 15.78 15.46 15.18 16.37 16.56
Standard deviation 2.93 2.84 2.96 2.64 3.28
Log R&D expenditure, mean 12.08 12.18 12.04 12.43 12.90
Standard deviation 1.96 1.90 1.76 1.83 218

Notes: This table summarizes multinational activity for five industries during 1989 through 2008. All variables are from
the Bureau of Economic Analysis Survey of U.S. Direct Investment Abroad, and pertain to U.S. outward foreign direct
investment reported annually during this sample period. Labor is the number of employees. Values are in log thousands

of U.S. dollars in 2004.



Table 2: Descriptive Evidence, Innovation in Multinational Firms

Industrial Instruments Transportation
Industry Machinery  Electronics and Devices Chemicals Equipment
Industry-Level Variables
Fraction of firms with total R&D > 0 0.9091 0.8896 0.9251 0.9325 0.9167
Fraction of firms with parent R&D >0 0.8864 0.8734 0.9031 0.9241 0.9091
Fraction of firms with total affiliate R&D > 0 0.4545 0.5065 0.5507 0.5654 0.5227
Firm-Level Variables
R&D Intensity (R&D / Sales)
Firm, mean 0.0362 0.0443 0.0607 0.0534 0.0314
Standard deviation 0.0526 0.0506 0.0540 0.1610 0.0474
Parent, mean 0.0580 0.0585 0.0859 0.0675 0.0368
Standard deviation 0.1372 0.0651 0.0733 0.1790 0.0528
Affiliates, mean 0.0069 0.0110 0.0128 0.0216 0.0095
Standard deviation 0.0160 0.0249 0.0256 0.1863 0.0245
Share of affiliates with R&D > 0, mean 0.2371 0.2826 0.2659 0.2901 0.2329
Standard deviation 0.3365 0.3621 0.3383 0.3314 0.2937
Affiliate share in firm R&D expenditure, mean 0.1056 0.1030 0.1226 0.1186 0.1108
Standard deviation 0.2093 0.1983 0.2186 0.1933 0.1989

Notes: This table summarizes multinational activity for five industries in the benchmark year 1994. All variables are from the
Bureau of Economic Analysis Survey of U.S. Direct Investment Abroad, and pertain to U.S. outward foreign direct investment
reported annually during this sample period.



Table 3: Descriptive Evidence, Average Characteristics of The Firm, by Industry

Industrial Instruments Transportation
Industry Machinery Electronics and Devices Chemicals Equipment
Number of affiliates 7.83 7.52 7.82 14.62 11.38
Number of affiliates with R&D > 0 1.81 1.91 1.91 4.95 3.07
Total R&D expenditure $69.1 million $86.7 million $69.2 million $121 million $309 million
Affiliate share of total R&D 10.56% 10.30% 12.26% 11.85% 11.08%
Top affiliate locations, by employment
United Kingdom Mexico Japan Mexico Mexico
France United Kingdom United Kingdom United Kingdom Germany
Japan Germany Germany Germany Canada
Canada Malaysia France Canada United Kingdom
Mexico Canada Mexico France Brazil
Top affiliate locations, by R&D
Germany Germany United Kingdom Japan Germany
France Japan France United Kingdom United Kingdom
Ireland United Kingdom Germany France Canada
Japan France Japan Germany France
Singapore Canada Canada Belgium Brazil

Notes: This table summarizes average characteristics of the multinational firm for five industries during 1994. All values are computed using
data from the Bureau of Economic Analysis Survey of U.S. Direct Investment Abroad, and pertain to U.S. outward foreign direct investment.
Number of affiliates, Number of affiliates with R&D > 0, Total R&D expenditure, and Affiliate share of total R&D are unweighted averages
across firms in the regression sample. Top affiliate locations, by employment, lists the five countries with the highest number of affiliate
employees in our regression sample, ranked from first to fifth. Top affiliate locations, by R&D, is analogous but based on total affiliate R&D

expenditures in the industry and country.



Table 4: Parent and Affiliate R&D Investment and Productivity Change, Computer Industry

(1) (2) ®) (4) ®) (6)

Parent firms Foreign affiliates
Productivity (t-1), p,. 0.9200 0.9212
0.0244***  0.0248***
Productivity (t-1), R&D > 0, p, 0.8720 0.8537 0.8714 0.8545
0.0255***  0.0273***  0.0258***  0.0273***
Productivity (t-1), R&D =0, p, 0.8447 0.8327 0.8443 0.8330
0.0263***  0.0273***  0.0264***  0.0273***
Parent R&D (t-1), v, ¥ 0.0109 0.0111 0.0105 0.0115
0.0043**  0.0044** 0.0040*** 0.0043***
Total affiliate R&D (t-1), 0. -0.0005
0.0019
Affiliate R&D (t-1), . 0.0159 0.0140 0.0158 0.0144

0.0040***  0.0040***  0.0040***  0.0040***

Labor elasticity, mean 0.8157 0.8157 0.4509 0.4509 0.4509 0.4509
Labor elasticity, standard dev. 0.0219 0.0219 0.0674 0.0674 0.0674 0.0674
Capital elasticity, mean 0.0976 0.0976 0.1649 0.1668 0.1651 0.1661
Capital elasticity, standard dev. 0.0228 0.0232 0.0226 0.0224 0.0226 0.0224
Year FE Y Y - - - -
Market-Year FE - - Y Y Y Y
Market-Year x 1{R&D > 0} FE - - Y Y Y Y
Other affiliate R&D (t-1) - - N N Y Y
N 536 536 3,290 3,290 3,290 3,290
R? 0.8724 0.8712 0.8923 0.8928 0.8923 0.8929

Notes: ** p < 0.05, *** p < 0.01. This table provides GMM estimates of the parameters in equation (12) for
foreign affiliates, and estimates of an analogous equation for U.S. parents in the computer industry, SIC 357,
during 1989-2008. All specifications measure the impact of R&D investment on value added and productivity
change. Columns 1 and 2 evaluate the full sample of U.S. parents; columns 3 through 6 evaluate
corresponding majority-owned, manufacturing affiliates located abroad. Labor (number of employees), capital
(plant, property and equipment), value added, and R&D expenditure for parents and each foreign affiliate are
from the Bureau of Economic Analysis Survey of U.S. Direct Investment Abroad, and pertain to U.S. outward
foreign direct investment reported annually during this sample period. The estimated mean elasticities of value
added with respect to labor and capital are reported above along with respective standard deviations. Standard
errors clustered by firm-year appear below each point estimate.



Table 5: Parent and Affiliate R&D Investment and Productivity Change, Industrial Machinery

(1) (2) ®) (4) ®) (6)

Parent firms Foreign affiliates
Productivity (t-1), p,. 0.8384 0.8341
0.0105**  0.0106***
Productivity (t-1), R&D > 0, p, 0.6744 0.6671 0.6699 0.6658
0.0135*** 0.0135*** 0.0136** 0.0136***
Productivity (t-1), R&D =0, p, 0.7253 0.7204 0.7213 0.7191
0.0130*** 0.0130** 0.0131***  0.0130***
Parent R&D (t-1), v, ¥ 0.0145 0.0132 0.0094 0.0085
0.0015***  0.0016™** 0.0019*** 0.0020***
Total affiliate R&D (t-1), 0. 0.0034
0.0012***
Affiliate R&D (t-1), . 0.0161 0.0153 0.0153 0.0150

0.0031***  0.0031***  0.0031***  0.0031***

Labor elasticity, mean 0.7271 0.7271 0.5442 0.5442 0.5442 0.5442
Labor elasticity, standard dev. 0.0376 0.0376 0.0779 0.0779 0.0779 0.0779
Capital elasticity, mean 0.1220 0.1185 0.1794 0.1718 0.1788 0.1723
Capital elasticity, standard dev. 0.0397 0.0371 0.0328 0.0295 0.0319 0.0294
Year FE Y Y - - - -
Market-Year FE - - Y Y Y Y
Market-Year x 1{R&D > 0} FE - - Y Y Y Y
Other affiliate R&D (t-1) - - N N Y Y
N 2,609 2,609 5,016 5,016 5,016 5,016
R? 0.9583 0.9584 0.8460 0.8468 0.8463 0.8469

Notes: ** p < 0.05, *** p < 0.01. This table provides GMM estimates of the parameters in equation (12) for
foreign affiliates, and estimates of an analogous equation for U.S. parents in the industrial machinery sector,
SIC 35, during 1989-2008. All specifications measure the impact of R&D investment on value added and
productivity change. Columns 1 and 2 evaluate the full sample of U.S. parents; columns 3 through 6 evaluate
corresponding majority-owned, manufacturing affiliates located abroad. Labor (number of employees), capital
(plant, property and equipment), value added, and R&D expenditure for parents and each foreign affiliate are
from the Bureau of Economic Analysis Survey of U.S. Direct Investment Abroad, and pertain to U.S. outward
foreign direct investment reported annually during this sample period. The estimated mean elasticities of value
added with respect to labor and capital are reported above along with respective standard deviations. Standard
errors clustered by firm-year appear below each point estimate.



Table 6: R&D Investment and Affiliate Productivity Change, Computer Industry, Heterogeneity

(1) (2) (3) (4)

Foreign affiliates

Productivity (t-1), R&D > 0, p, 0.7929 0.8299 0.8543 0.8348
0.0172*** 0.0163*** 0.0160*** 0.0171***
Productivity (t-1), R&D =0, p, 0.8105 0.8204 0.8331 0.8374
0.0130*** 0.0131*** 0.0130*** 0.0131***
Parent R&D (t-1), ¥, 0.0021 0.0002 0.0135 0.0059
0.0029 0.0034 0.0035*** 0.0029**
Parent R&D x Royalties (t-1), y, 0.0019
0.0005***
Parent R&D x Imports (t-1), 7, 0.0009
0.0005*
Parent R&D x Industrial Distance (t-1), y, -0.0087
0.0067
Parent R&D x Affiliate R&D (t-1), 7, 0.0019
0.0006***
Affiliate R&D (t-1), 7, 0.0150 0.0103 0.0140 -0.0125
0.0037*** 0.0037*** 0.0037*** 0.0094
Labor elasticity, mean 0.4509 0.4509 0.4509 0.4509
Labor elasticity, standard dev. 0.0674 0.0674 0.0674 0.0674
Capital elasticity, mean 0.1556 0.1575 0.1673 0.1686
Capital elasticity, standard dev. 0.0218 0.0220 0.0225 0.0224
Market-Year FE Y Y Y Y
Market-Year x 1{R&D > 0} FE Y Y Y Y
N 3,290 3,290 3,290 3,290

Notes: ** p < 0.05, *** p < 0.01. This table provides GMM estimates of the parameters in equation (12)
modified by (13) for foreign affiliates of U.S. parents in the computer industry, SIC 357, during 1989-2008.
Columns 1 through 4 evaluate heterogeneity in the impact of parent R&D on affiliate value added and
productivity change. In column 3, industrial distance is the Euclidean distance between parent- and affiliate-
specific vectors of sales across their respective five reported industries. Labor (number of employees),
capital (plant, property and equipment), value added, R&D expenditure, royalties paid to the U.S. parent, and
imports received from the U.S. parent for each foreign affiliate are from the Bureau of Economic Analysis
Survey of U.S. Direct Investment Abroad, and pertain to U.S. outward foreign direct investment reported
annually during this sample period. The estimated mean elasticities of value added with respect to labor and
capital are reported above along with respective standard deviations. Standard errors clustered by firm-year
appear below each point estimate.



Table 7: R&D Investment and Affiliate Productivity Change, Computer Industry, Heterogeneity

(1) (2) 3) (4)

Foreign affiliates

Productivity (t-1), R&D > 0, p, 0.6571 0.6605 0.6681 0.6657
0.0136*** 0.0136*** 0.0135*** 0.0136***
Productivity (t-1), R&D = 0, p, 0.7139 0.7160 0.7204 0.7216
0.0129*** 0.0130*** 0.0130*** 0.0130***
Parent R&D (t-1), v, 0.0040 0.0002 0.0164 0.0110
0.0021* 0.0034 0.0028*** 0.0047**
Parent R&D x Royalties (t-1), v, 0.0017
0.0004***
Parent R&D x Imports (t-1), 7, 0.0012
0.0003***
Parent R&D x Industrial Distance (t-1), v, -0.0161
0.0048***
Parent R&D x Affiliate R&D (t-1), 7, 0.0003
0.0003
Affiliate R&D (t-1), , 0.0154 0.0103 0.0152 0.0080

0.0031*** 0.0037*** 0.0031*** 0.0022***

Labor elasticity, mean 0.5442 0.5442 0.5442 0.5442
Labor elasticity, standard dev. 0.0779 0.0779 0.0779 0.0779
Capital elasticity, mean 0.1562 0.1623 0.1703 0.1715
Capital elasticity, standard dev. 0.0248 0.0271 0.0289 0.0295
Market-Year FE Y Y Y Y

Market-Year x 1{R&D > 0} FE Y Y Y Y

N 5,016 5,016 5,016 5,016

Notes: ** p < 0.05, *** p < 0.01. This table provides GMM estimates of the parameters in equation (12)
modified by (13) for foreign affiliates of U.S. parents in the industrial machinery sector, SIC 35, during
1989-2008. Columns 1 through 4 evaluate heterogeneity in the impact of parent R&D on affiliate value added
and productivity change. In column 3, industrial distance is the Euclidean distance between parent- and
affiliate-specific vectors of sales across their respective five reported industries. Labor (number of
employees), capital (plant, property and equipment), value added, R&D expenditure, royalties paid to the U.S.
parent, and imports received from the U.S. parent for each foreign affiliate are from the Bureau of Economic
Analysis Survey of U.S. Direct Investment Abroad, and pertain to U.S. outward foreign direct investment
reported annually during this sample period. The estimated mean elasticities of value added with respect to
labor and capital are reported above along with respective standard deviations. Standard errors clustered by
firm-year appear below each point estimate.



Table 8: Parent and Affiliate R&D Investment and Productivity Change, Computer Industry, Endogeneity

(1) (2) (3) (4) (5) (6)
Parent firms Foreign affiliates
Productivity (t-1), o,, 0.8860 0.8878
0.0297***  0.0297***
Productivity (t-1), R&D > 0, p, 0.7373 0.6535 0.7446 0.6673
0.0521**  0.0748**  0.0499***  0.0705***
Productivity (t-1), R&D =0, p, 0.8559 0.7961 0.8584 0.8029
0.0121**  0.0217**  0.0124**  0.0199***
Parent R&D (t-1), Yo, % 0.0239 0.0257 0.0544 0.0606
0.0088***  0.0086*** 0.0186*** 0.0220***
Total affiliate R&D (t-1), yp. -0.0018
0.0016
Affiliate R&D (t-1), 7, 0.0937 0.0795 0.0944 0.0827

0.0290***  0.0330***  0.0288***  0.0332***

Labor elasticity, mean 0.8157 0.8157 0.4509 0.4509 0.4509 0.4509
Labor elasticity, standard dev. 0.0219 0.0219 0.0674 0.0674 0.0674 0.0674
Capital elasticity, mean 0.0976 0.0976 0.1324 0.1477 0.1311 0.1450
Capital elasticity, standard dev. 0.0146 0.0148 0.0248 0.0286 0.0247 0.0281
Year FE Y Y - - - -
Market-Year FE - - Y Y Y Y
Market-Year x 1{R&D > 0} FE - - Y Y Y Y
Other affiliate R&D (t-1) - - N N Y Y
Instruments for parent R&D Y Y - Y - Y
Instruments for affiliate R&D N N Y Y Y Y
N 536 536 3,290 3,290 3,290 3,290

Notes: ** p < 0.05, *** p < 0.01. This table provides GMM estimates of the parameters in equation (12) for
foreign affiliates, and estimates of an analogous equation for U.S. parents in the computer industry, SIC 357,
during 1989-2008. All specifications measure the impact of R&D investment on value added and productivity
change. The instrument for parent innovation is the user cost of R&D, which reflects the state-level R&D tax
credit, prevailing in the U.S. state corresponding to the parent address; the instrument for affiliate innovation is
the interaction between the parent user cost of R&D and the quality of intellectual property institutions in the
affiliate host country. Data on R&D tax credits and the user cost of R&D by state-year are from Wilson (2009);
intellectual property rights by country-year are from (Ginarte and Park 1997) and Park (2008). Conditional and
unconditional correlations between innovation and each instrument are strong; the nonlinearity of the estimating
equation precludes a formal first-stage test. Columns 1 and 2 evaluate the full sample of U.S. parents; columns
3 through 6 evaluate corresponding majority-owned, manufacturing affiliates located abroad. Labor (number of
employees), capital (plant, property and equipment), value added, and R&D expenditure for parents and each
foreign affiliate are from the Bureau of Economic Analysis Survey of U.S. Direct Investment Abroad, and pertain
to U.S. outward foreign direct investment reported annually during this sample period. The estimated mean
elasticities of value added with respect to labor and capital are reported above along with respective standard
deviations. Standard errors clustered by firm-year appear below each point estimate.



Table 9: Parent and Affiliate R&D Investment and Productivity Change, Industrial Machinery, Endogeneity

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

Parent firms Foreign affiliates
Productivity (t-1), o, 0.7556 0.7662
0.0540***  0.0558***
Productivity (t-1), R&D > 0, p, 0.5990 0.5466 0.6023 0.5551
0.0431***  0.0479***  0.0424***  0.0456***
Productivity (t-1), R&D =0, p, 0.8692 0.7089 0.8667 0.7202
0.0270***  0.0355***  0.0280***  0.0352***
Parent R&D (t-1), 100, 75 0.0478 0.0469 0.0734 0.0866
0.0127***  0.0155*** 0.0160™** 0.0186™**
Total affiliate R&D (t-1), 1. -0.0029
0.0031
Affiliate R&D (t-1), 7, 0.0888 0.0538 0.0875 0.0603

0.0179***  0.0206*** 0.0180** 0.0219***

Labor elasticity, mean 0.7271 0.7271 0.5442 0.5442 0.5442 0.5442
Labor elasticity, standard dev. 0.0376 0.0376 0.0779 0.0779 0.0779 0.0779
Capital elasticity, mean 0.0696 0.0756 0.1149 0.0978 0.1157 0.0879
Capital elasticity, standard dev. 0.0338 0.0354 0.0221 0.0353 0.0221 0.0359
Year FE Y Y - - - -
Market-Year FE - - Y Y Y Y
Market-Year x 1{R&D > 0} FE - - Y Y Y Y
Other affiliate R&D (t-1) - - N N Y Y
Instruments for parent R&D Y Y - Y - Y
Instruments for affiliate R&D N N Y Y Y Y
N 2,609 2,609 5,016 5,016 5,016 5,016

Notes: ** p < 0.05, *** p < 0.01. This table provides GMM estimates of the parameters in equation (12) for foreign
affiliates, and estimates of an analogous equation for U.S. parents in the industrial machinery sector, SIC 35,
during 1989-2008. All specifications measure the impact of R&D investment on value added and productivity
change. The instrument for parent innovation is the user cost of R&D, which reflects the state-level R&D tax
credit, prevailing in the U.S. state corresponding to the parent address; the instrument for affiliate innovation is the
interaction between the parent user cost of R&D and the quality of intellectual property institutions in the affiliate
host country. Data on R&D tax credits and the user cost of R&D by state-year are from Wilson (2009); intellectual
property rights by country-year are from (Ginarte and Park 1997) and Park (2008). Conditional and unconditional
correlations between innovation and each instrument are strong; the nonlinearity of the estimating equation
precludes a formal first-stage test. Columns 1 and 2 evaluate the full sample of U.S. parents; columns 3 through
6 evaluate corresponding majority-owned, manufacturing affiliates located abroad. Labor (number of employees),
capital (plant, property and equipment), value added, and R&D expenditure for parents and each foreign affiliate
are from the Bureau of Economic Analysis Survey of U.S. Direct Investment Abroad, and pertain to U.S. outward
foreign direct investment reported annually during this sample period. The estimated mean elasticities of value
added with respect to labor and capital are reported above along with respective standard deviations. Standard
errors clustered by firm-year appear below each point estimate.



Figure 1: Parent and Affiliate R&D Investment and Productivity Change, Computer Industry, Nonlinearity

Panel A - Affiliate productivity persistence, empirical distribution across affiliates
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Figure 2: Parent and Affiliate R&D Investment and Productivity Change, Industrial Machinery, Nonlinearity

Panel A - Affiliate productivity persistence, empirical distribution across affiliates
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Figure 3: Parent and Affiliate R&D Investment and Productivity Change, Computer Industry, Nonlinearity

Panel A - Parent-level returns to parent R&D, distribution across firms
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Private return, long run, distribution across firms Private return, long run, distribution across firms, endogeneity
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Panel C - Share of multinational firm-level return to parent R&D earned by foreign affiliates, distribution across firms
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Figure 4: Parent and Affiliate R&D Investment and Productivity Change, Industrial Machinery, Nonlinearity

Panel A - Parent-level returns to parent R&D, distribution across firms
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Figure 5: The Impact of U.S. Parent R&D on R&D by Country, Computer Industry

Panel A - The country-level impact of parent R&D on value added, distribution across countries




Figure 6: The Impact of U.S. Parent R&D on R&D by Country, Industrial Machinery

Panel A - The country-level impact of parent R&D on value added, distribution across countries




Appendix

A.1 Deriving Revenue and Value-Added Functions

We can write the optimization problem that determines the optimal usage of materials by
affiliate j at period ¢ as:
am(e=1) 1 oc—1

max M, - eXp(—apnt+;qnt+

(1 — ) h(lje, kjes @) + wje + i) — Py My

From the first order condition, the log of the optimal quantity of materials, m};, should

satisfy the following equation

am(c—1) .  aplc—1) (0 — 1) ap(c—1)
o mjt_o—am(a—1)1n< o >_J—am(0—1) nt
(o= 1) (1 — ap)(0 —

* o0 — ap(oc—1))
am(oc—1) am(c—1)(c—1)
o(0—am(c—1)" " (0 — am(o — 1))

oap(oc—1)
0 — ap(oc—1)

1
)h<ljta kjt; 04) - Pt

-+ (th + éjt).

Therefore, assuming that firms choose their consumption of materials optimally, we can

rewrite the revenue function as

__ap(oc—1) am(o —1) am(c—=1) . o2
yjt_a—am(a—1)1n< o >_a—am(a—l)pnt_a—am(g_l)p”t
1 (-ano=1), -1
+ o — am(o + 1>Qnt + o — (o —1) h(ljt, K a) + o —am(o—1) (th + 6]’1&);

or, equivalently in a more compact notation,
Uit = img + 12 (1= ) (e, kjes @) + 0j0),
where

) ) (o —1) o? 1
2 _ (0 —1)
o—ap(c—1)

Vit = wjr + .




Given that the function h(l;;, kji; @) is linear in «, we can rewrite the revenue function as:
Yjt = Fipy + hljt, kje; B) + K2,
where 8 = ar?(1 — ay,).
Value added is defined as
VAj =Y — Py M.
From the first order condition for materials,

oo —1
ﬂ%@=<—L——5%

g

and, therefore,
(o—1
‘Mﬁ:@_gji_gmh

or, equivalently,
vaj = Ky + h(ljs, ke B) + 2050,

where

(00— 1)

/<3t:1n<1— -

n

1
) + Koy
Given observed values for VAj; and Yj;, we can rewrite ko as

e o ol VAN
R = {Bl5 ]}
1 — Qmlo=D) E[V_A] o Y

where the expectation is taken over all affiliates and time periods whose values of o, and o

are assumed to be the same.



A.2 Estimation: Details
A.2.1 First Step

Given the production function in equation (1) and the assumption that labor is a flexible

input, the first order condition with respect to labor is

WYL
B+ Bu2liy + Bk = ==L exp(—ey),
1+ Bu2ly kRt VA, p( ]t)

where VV}t is an observed measure of total payments to labor, P!,L;;. Given the assumption
that E[e;:|S;s, Ljs) = 0, we can identify (8, B, Bi) from the moment condition

Elw’, — vaj — log(B; + Bu2lye + Buke)|lje, k) = 0.

Given this orthogonality condition, we estimate (3, By, Bix) using NLS. Using the estimates

(Bl, Bu, Blk), we can recover an estimate of €j; for every firm j and period ¢ as
Ejr = IOg(Bl + BllQljt + Blkkjt) + vaj — wét (17)

A.2.2 Second Step

Defining vaj, = va;; — Blljt - Blll?’t - Blkljtkjt — & and h(kje; B, Brr) = Brkje + Brrk’,, we can
rewrite equation (13) as

vaj = (18)
h(kje; Br, Brk) + (1 — dje—1) (yine + p1 (@jtfl — h(kje—1; B, Brk)) )+
dji—1(Yont + p2(Vaji—1 — W(kji—1; Br, Brk))) + YaTjt—1 + Vprot—1 + f<0277jt.

In order to estimate the parameters (B, Sk, p1, P2: Vas Yp) from equation (18), we follow two
different approaches.

In a first approach, we apply the Frisch-Waugh-Lovell theorem and project vaj:, kjt, ka-t,
(1 _djtfl)@jtfla djtflﬁajtfh (1 _djtfl)kjtfla (1_djt71)k]2‘t_1> djtflkjtfla djtflkat_la Tjt—1 and
rot—1 on the vector of fixed effects ((1 — dji—1)Vint, djti—172nt). Denoting the residuals from

this regression with a prime, we estimate (B, Bik, P1, P2, Vas Vp) using NLS on the following
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estimating equation

@;t = 5k/€}t + 5kk(ki]2-t)/
+ (1= dje—1)vaz 1) = Be((1 = dje—1)kje1) = Ben((1 — dje—1)kF, 1))
+ pa((djr10aj1)" = Brldjerkjr) = Bn(dj1kF 1))
+ Wargt—l + Wros_1 + 5277;‘7:-

In a second approach, we simplify the set of fixed effects included in equation (18) and

assume that v1,; = 7 and 7s,; = 7. Once we impose this restriction, we use NLS to

estimate (v1, %2, Bk, Bk, P15 P2, Ya, Vp) directly from equation (18).

A.3 Nonlinear Autoregressive Process for Productivity: Details

A.3.1 Estimation

From equations (12) and (15), we can derive the following estimating equation:

Vaje = ’f?;,t + h(lje, kje; B) + €5t
+ (1 - djt—l)(’fwlnt + Pl(Uajt—l - liit_l - h(ljt—h k{jt—ﬁ 5) - 5jt—1))
+ dji—1(Ropiont + p2(vaj—y — Koy — h(lj—1, kji—1; B) — €ju-1)
+ PB(Uajt—l - "ffn—1 - h(ljt—h kji—1; B) — 5jt—1)7“jt—1
+ (pa/ka) (vaji-1 — Ky = hlje—1, Kje-15 B) — €j0-1)?

+ KoflaTjt—1 + KofbpTot—1 1 Kot

Estimating (5, Bu, Bix) and €;; following the procedure in Appendix A.2.1, we are left with

the estimating equation

Vaj = ki + h(kje; B, Brr)
+ (1 - djt71)<52,u1nt + p1 (ﬁjtfl - Hit_1 - h(kjt—h Bk, ﬂkk)))
+ dji_1 (Kaptont + ,02(@]'1‘/71 - fiitA — h(kji—1; Br, Brr))
+ p3(Vaj1 — K, — h(kji1; Br, Brk))Tje—1
+ (pa/ ko) (Vaje1 — Kipe_y — h(kje—1; Br, Bir))
+ KoftaTje—1 + KaflpTor—1 + Kalljt. (19)



or, equivalently,

@jt = h(kjt; Br, Br)
+ (1 = dji—1) (vime + p1 (V@51 — h(kje—1; Brs Brr)))
+ dji—1(Yont + p2(Vaje—1 — h(kji—1; Br, Br))
+ p3(Vaji—1 — h(kji—1; Br, Brr) )1je-1
+ Y4 ((0aj-1)* + (h(kje—1; Br, Brr))* — 20a5-1h(kji—1; Brs Brr))
+ Yant (Vaje—1 — h(kji—1; B, Brr))
+ YaTjt—1 + VpTot—1 + K2Njt,

where Yin = Roptine + Ky — prfg_y + (pa/ka)(Khy_1)? Yont = Koflone + Ky — paking g +
(Pa/k2) (ke 1), Yane = —(m/@)%m_l, Yo = pi/K2, Ya = Kape, and v, = Koy, It is
computationally infeasible to estimate the vectors of fixed effects 1., Yone, and vz, jointly
with the structural parameter vector (Bk, Bk, P1, P2: Ya, Vps Ya)- Lhere are two approaches we
might follow to estimate the parameter vector (B, Bk, P15 P2, Ya Vps V4)-
First, we apply the Frisch-Waugh-Lovell theorem and project vajq, kj, k3 va?t_l, k:;’t_l,

jto

4
kjt—l? vajt_lkjt_l, Uajt—lkjt—la Tjt—1 and Tot—1 ON the set of covariates ((1_djt—l>71nt7 djt_l’}/Qnt,
@jt,lfygm, Ejt—173nt k?tfl’)/gnt). Denoting the residuals from this regression with a prime, we

estimate (S, Bk, P15 P2, P35 V4, Ya, Vp) Using NLS on the following estimating equation

@;t = Bkk;t + 5kk(kj2-t)/
+ p1((1 = djr—1)vaj1) — Be((1 = dje—1)kje—1)" — Brr((1 — dje—1)k3,_1)")
+ pa((djr10aj1)" = Brldji—rkjr) = Brr(dj1k3 1))
+ p3((rji10a51) = Br(rjakji1) = Bn(rje1kF 1))
+’Y4((U%t ) "‘51@(]%: ) +ﬁkk(k]t D)+ 281 Bk (K s1) = 2B8k(vaj ki)
- 25kk(vajtflkjt—1) ) + ’Yarjtq + ’Yp"’opl + “27731- (20)

Given that we have previously regressed on (Vaji—1Ysnt, Kjt—17Vsnt, k:?t_ﬂgnt), this regression
does not allow to separately identify p; and py (we can only identify the difference between
both of them). However, this approach will allow us to test whether p; and 74 are statistically
different from zero.

A second approach relies on the assumption that 7s,; = 3. This implies assuming that

3 _— .3

k>, = k° (i.e. price and quantity indices are assumed constant across markets). Given

this assumption, we may apply the Frisch-Waugh-Lovell theorem and project va;:, va;—1,
—2 —~ —

kjta kjt—ly kﬁ? kjt 15 vajt 1 k?t—l? k‘;lt_h ’UCth_lkfjt_l, Uajt—lk]zt_la Tjt—1 and Tot—1 OnN the set

of covariates ((1 — dji—1)Vint, dji—172nt). Denoting the residuals from this regression with



a prime, we estimate (Bk, Bk, P1, P2, P3: V4s Va, Vp) using NLS on the following estimating

equation

va;t = ﬁkk;t + 5kk<kj2-t)/
+ p1 (1 = djr—1)vaj1) — Be((1 = dje—1)kji—1)" — Brr((1 — dje—1)k5,_1)")
+ pa((djr10aj 1) = Brldjerkjr) = Br(dj1kF 1))
+ p3((rj—10Gje-1)" — Br(rji—1kji—1) — Bur(rj—1kl, 1)')
+’Y4((U%t ) +Bk<k]t ) +ﬁkk(k]t D+ 28k B (K2 1) — 2Bk(vaj 1 kji)
— 2Bk (Vaj-1K2 1)) + Yal Gy + Vo1 + K2t

Note that this equation is identical to equation (20). The only difference is that its covariates
are residuals of a projection that does not include (Va;ji—1vsnt, kjt—1V3nt, katilvgnt» Therefore,
both p; and py are separately identified.

Finally, a third approach relies on assuming that i1, = i1, flons = plo, and k2, = k3, | =
k3. Once we impose this restriction, we use NLS to estimate (v1, Yo, &3, Bk, Brk, P15 P25 03> Va5 Yas

7vp) directly from equation (18), where 71 = Kopt1, Y2 = Kafla, and vy = py/kKo.

A.3.2 Returns to R&D

Impact of R&D Investment on Revenue Productivity The effect of a marginal
increase in rg;_; on both 1/~th, for j =1,...,J; and z/?ot is identical to that in the baseline
specification and equal to p, and p,, respectively. However, the propagation of the change in
productivity at period ¢ to subsequent periods is affected by the non-linearities introduced in
equation (15). Specifically, this propagation depends on the value of the parameters p; and
p2. Therefore, in order to compute the impact of R&D investment on revenue productivity
we use the estimates obtained either by the second or the third approach described in Section

A3.1

81/;]'15—1-5

= = (I = djigs—1)p1 + djigs—1(p2 + p3rje—1) + 20401451,
awjt-‘rs—l

or, equivalently,

azthJrs

= = (1 = djtgs—1)p1 + djts—1(p2 + p3rjirs—1) + 274?th+5—1,
a¢jt+s—1



with wjtJrsfl = VGjt4s—1 — K3 — h(ljt+5717kjt+sfl§ﬁ) = @jtJrsfl — k3= h(kjt+sfl;ﬁkaﬁkk)-
Therefore, if s > 0,

OB [jt 44| Sit] _ E[al/;jwrs S~] _ ]E[ (??thJrs ai%jﬂrs—l NMji S'}
Irot—1 Oror—1 1 Vjtrso1 Mjrrs—  Ooi—1 '
s—1 _
= MpE[ H ((1 — djiys)p1 + djers (P2 + p3Tjess) + 2’741Pjt+s/) Sitfl]y
s'=0

and the cumulative effect over infinite periods ahead is

> OE[(45] 5 i §
Z OBltres|Sl _ /lp]E[Z H (1 = djrrs—1)p1 + djrss—1(p2 + psTjirs—1) + 27athjr4e—1)

Oroi—
s=0 0i—1 s=1 s/'=1

St

Taking the observed data in year 1994 as steady-state, we can simplify this expression as

f: aE[@th-l-s‘Sit]

=0 Orot—1

- MPE[Z H ((1 — dj1904)p1 + dj190a(p2 + p3rjiges) + 274753'1994)

s=1 s/'=1

= [y Z H ((1 — dj1994) 1 + dji99a(p2 + p3riigea) + 2741/33‘1994)

s=1 s'=1

= Up Z H ((1 — djig04)(p1 + 2741%’1994) + dj1994(p2 + parirgen + 2741Zj1994))

Si1994:|

= Up Z {((1 — dj1994) (p1 + 2741/~)j1994))5_1 + dj1994((ﬂ2 + p37j1994 + 2741[@'1994))8_1}

s=1
( 1 — dji994 L d ;1994 )
1 —p1+ 271000 1 — pa+ p3rjroos + 271051904 7

:Mp

where %1994 = Vaj1994 — K° — h(kj1904; Br, Brr). Aggregating across all affiliates, the relevant

expression becomes

J1994

1 — dji994 dj1994
Z ,le 7 _I— ~ I
= 1 —p1 = 2940j199a 1 — p2 — parjigea — 27419094

where Jig94 denotes the total number of affiliates in 1994.

For the case of the parent firm, the cumulative effect over infinite periods of an infinites-



imal change in 7g1994 is

/L(]p
1 — po2 — po3roig9s — 270401994

where 11994 = 5501994 — k3 — h(k?01994; Bok 50kk).

Impact of R&D Investment on Firm Value Using the expressions derived above and

following the same steps as in Section 6, the relevant equation equivalent is

Yo1904 Hop
Ro1004 1 — po2 — posTore0s — 2704001904
1 — dji994 n d ;1994 )
pRj1994 1 I—=p1— 2’74@[@1994 L — pa — parjiges — 274%1994 7

J1994
Y1904

where the first line captures the impact on the parent and the second line the total impact

on all affiliates.

A.3.3 Returns to R&D

Impact of R&D Investment on Revenue Productivity Given the specification of
parents’ and affiliates’ productivities in section 3, a marginal increase in parent R&D at
period t — 1 will affect the revenue productivity of any affiliate j at any period t, exclusively

through its impact on parent productivity:

00y Oy Oy OV
Oroe—1 Oroe—1 Othyy OTor—1

= YppTop-

The effect on revenue productivity in year ¢ 4+ 1 will happen through two different channels:
through Qﬂjt and through @Otﬂ.

&;jtﬂ _ <a1ﬁjt+1 8% 4 31;jt+1 alZOtH) &Zm
Irot—1 Oy Oboy OV Oy Orot—1
(((1 = djr)pr + djrp2)Yop + VppPo2) Yop
((1 —dj)p1 + djipe + P02)7pp70p-

The key fact that allows to simplify this expression is that

OMpjer1 Oy
_ = —= =,
a¢0t+1 61/}015




The effect on revenue productivity in year t + 2 is:

81;jt+2
Oror—1
_ ai}jt—&-Q alzjjt—&—l i 8¢~th+2 8@/~JOt+2 8@[}075_’_1 aqjjm
aizjtﬂ Oroc-1  Morra Oorsr Moy Oor—1
= ((1 = djis1)p1 + djer1p2) (1 = dje) p1 + djep2 + po2) VopYop + Po2 YowYop

= (((1 — dji1)p1 + djt+1/02) ((1 —dj)pr + djtp2) + ((1 — dji1)p1 + djt+1ﬂ2)ﬂ02 + P%2)7pp70p~

Generalizing this expression for a general %Hs and assuming that the values of all variables
are kept constant at their observed 1994 values, we obtain that, for an affiliate performing

R&D in year 1994,

1 — (po2/p2)°

8775 jt+s - s—s’ s’ s > s S
I = YppYop ( Z P2 p02> = YppYopP2 ( Z(pOQ/pQ) ) = YppYopP2 X
s'=0

Orot—1 i~ 1= (poz/p2)
_ Yo YopP3  VppYopPo2 _ __ Twop (05 — piy) = “ppYopP2 (05 — pis)
L= (poz/p2) 1= (poa/p2) 1= (poa/p2) 2 "% pa—poa > "V

and, for an affiliate not performing R&D in steady state,

81; jt+s - s—s' s s - s’ s 1- (p02/p1>8
e '7pp'70p(z P p02> = VppYopP1 ( Z(pOQ/pl) ) = YppYopP1 X T~
s'=0

Irot—1 =0 1= (po2/p1)
_ Yo YopPT  VopYopPo2 _ _ Te7op (0% — piy) = “VppYopP1 (05 — pis)
L= (poz/p1) 1= (poa/pr)  1—=(po2/pr)"" " pr—po = %

Therefore, the cumulative effect of an infinitesimal change in ro;_; on the sum of value
added productivity for all affiliates over any subsequent period (assuming that the number

of affiliates stays constant at their 1994 level) is

,01 ]. ]. p2 1 1
7pp70p< 1994, 0p1 — po2 (1 -p 11— p02) 1994.d 1/)2 — P02 (1 —py 1- ,002)

or, equivalently,

P1
1 —p1)(1 = poz

) + Ji1994,d=1 ( P2 )>,

Ji -

For the parent firm, the elasticity of the cumulative effect on parent productivity with respect

to parent R&D is identical to that in the baseline case.



Impact of R&D Investment on Firm Value Using the expressions derived above and
following the same steps as in Section 6, the equation equivalent to that described in section
5 is
aV(Sit) _ Yo1994 Yop
ORoi-1 Rowea 1 — dpo2

- (J dp1 Yi994,d—0 iy 0p2 571994,d1)
11994,d= 11994,d=1 :
pop {1994 4=0 S S s S R oo LT = 5pa) (1 — 0pos) Rorooa

+

A.4 Data and Measurement

Multinational activity and data sample: Confidential firm-level data on the activity abroad
of U.S. multinational firms is provided by the Bureau of Economic Analysis through a sworn-status
research arrangement. The data include detailed financial and operating information for each for-
eign affiliate owned (at least a 10% share) by a U.S. entity. The data variables used for this project
were extracted from the BEA’s comprehensive data files for each year during 1989-2008, and then
merged by parent and affiliate identification numbers to form a complete panel.

The estimation described in sections 4 and 5 proceeds at the industry level for each of five
major manufacturing sectors: industrial machinery (SIC 35), electronics (SIC 36), instruments and
devices (SIC 38), chemicals (SIC 28), and transportation equipment (SIC 37). We build sepa-
rate datasets by industry that are each subject to a uniform cleaning procedure. Observations
are excluded if a) values are carried over or imputed based on previous survey responses; b) the
affiliate is minority-owned or small and therefore exempt from reporting R&D expenditures; or
c) the observation is neither preceded nor succeeded by another observation corresponding to the
same affiliate. Below, we evaluate the extent to which the final dataset and the raw data capture
overlapping information regarding the link between R&D and productivity.

The data-cleaning procedure impacts sample sizes across all tables. We therefore provide a
detailed, step-by-step description of this procedure for the chemical industry (SIC 28) as a repre-
sentative example. The complete dataset spanning all industries and 1989-2008 includes 612,196
affiliate-year level observations. Based on the primary industry reported for each affiliate, ap-
proximately one-third of these observations correspond to manufacturing affiliates in SIC 20-39
(36.84%), one-sixth correspond to retail affiliates in SIC 50-59 (18.92%), and the remaining half
of affiliate observations correspond to other industries. The raw dataset for the chemical industry
includes each parent firm reporting SIC 28 as its primary industry, and each of its foreign affiliates;
this includes 226,076 observations.

The BEA requires only majority-owned and relatively large foreign affiliates of U.S. parent
firms to report R&D expenditures, and we therefore restrict our analysis to these affiliates. The
size threshold for affiliate participation in R&D reporting varies across years during the sample

period; the highest such threshold in 1999 indicates an affiliate must report R&D only if its sales,
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assets, or net income exceed $50 million. To maintain a consistent sample, this cut-off is imposed
uniformly across years in our baseline analysis; 80,191 affiliate-year observations remain in the
sample after this cleaning step. While most affiliates are not continuously present in the data, the
estimation in sections 4 and 5 requires only a minimum of two consecutive observations per affiliate;
3,718 observations are dropped to satisfy this restriction. An additional 10,543 imputed values are
dropped, bringing the total number of observations to 65,930. These observations are collected to
form three separate datasets: 1) 17,369 affiliate-year observations in the chemical industry (SIC 28);
2) 31,250 affiliate-year observations in manufacturing (SIC 20 through 39); 3) 39,945 affiliate-year
observations in manufacturing and retail both (SIC 20 through 39, SIC 50 through 59). Finally,
observations with missing or negative values for value added, lagged value added, capital, lagged
capital, labor, lagged labor, or R&D expenditures are dropped to arrive at the following number
of observations in each of the three datasets above: 1) 5,730; 2) 7,439 observations; and 3) 11,016
observations. An identical data cleaning process is applied to SIC 35, 36, 37, and 38.

Although all specifications in section 5 include country-year fixed effects so that our results are
not sensitive to the following step, reported values in each year are nevertheless adjusted for infla-
tion to U.S. dollars in 2004 using the the following consumer price index-based correction factors
from the U.S. Bureau of Labor Statistics: 1989, 1.52; 1990, 1.45; 1991, 1.39; 1992, 1.35; 1993, 1.31;
1994, 1.27; 1995, 1.24; 1996, 1.20; 1997, 1.18; 1998, 1.16; 1999, 1.13; 2000, 1.10; 2001, 1.07; 2002,
1.05; 2003, 1.03; 2004, 1; 2005, 0.967; 2006, 0.937; 2007, 0.911; 2008, 0.877. In addition, during
the sample period, the BEA switches from SIC to NAICS-based parent-firm and foreign-affiliate
industry classifications. The U.S. Census Bureau concordance is applied to match NAICS-based

observations to each of the five industries.

Variable definitions in the dataset: We define the main variables used in our analysis and doc-
ument information regarding their construction. This information may be found in the instruction
booklet for benchmark and annual surveys of U.S. direct investment abroad, Bureau of Economic
Analysis, U.S. Department of Commerce. We provide condensed versions of the variable definitions
here for clarity.

U.S. parent: The BEA requires a survey response from any U.S. person that had a foreign
affiliate — that is, that had direct or indirect ownership or control of at least 10 percent of the voting
stock of an incorporated foreign business enterprise, or an equivalent interest in an unincorporated
foreign business enterprise — at any time during the U.S. persons fiscal year corresponding to the
survey year.

Affiliate: An affiliate is defined as a business enterprise located in one country which is directly
or indirectly owned or controlled by a person of another country to the extent of 10 percent or
more of its voting securities for an incorporated business enterprise or an equivalent interest for an
unincorporated business enterprise, including a branch.

Output: The surveys collect both parent and affiliate-level sales revenues, which may be used as
a measure of output. The BEA also constructs a parent and affiliate-level measure of value added

using the following definition from Mataloni and Goldberg (1994). Specifically, the BEA measures



value added for the U.S. parent or for a foreign affiliate from the factor-cost side as employee
compensation (wages and salaries plus employee benefits), plus profit-type return (net income plus
income taxes plus depreciation, less capital gains and losses, less income from equity investments),
plus net interest paid (monetary interest paid plus imputed interest paid, less monetary interest
received, less imputed interest received), plus indirect business taxes (taxes other than income
and payroll taxes plus production royalty payments to governments, less subsidies received), plus
capital consumption allowances (depreciation). Our analysis focuses on value added as the primary
measure of output.

R&D expenditure: The BEA Survey of U.S. Direct Investment Abroad collects information
on firms’ innovation expenditures at each production location, subject to reporting requirements
documented above. Research and development expenditures includes basic and applied research
in science and engineering, and the design and development of prototypes and processes, if the
purpose of such activity is to: 1) Pursue a planned search for new knowledge whether or not the
search has reference to a specific application; 2) Apply existing knowledge to the creation of a new
product or process, including evaluation of use; or 3) Apply existing knowledge to the employment
of a present product or process. R&D includes the activities described above, whether assigned
to separate R&D organizational units of the company or conducted by company laboratories and
technical groups that are not a part of a separate R&D organization. This variable includes all costs
incurred to support R&D, including R&D depreciation and overhead. The variable excludes capital
expenditures, routine product testing and quality control conducted during commercial production,
geological and geophysical exploration, market research and surveys, and legal work pertaining to
patents.

Labor: Labor is defined as number of employees of the U.S. parent or a foreign affiliate. Em-
ployees must be on the payroll at the end of the survey fiscal year, and include part-time employees,
but exclude temporary and contract employees not included on your payroll records. The BEA
allows this variable to be based on a count taken at some other date during the reporting period
may be given provided it is a reasonable estimate of employees on the payroll at the end of the
fiscal year of the survey. If the number of employees at the end of the survey fiscal year (or when
the count was taken) was unusually high or low due to temporary factors (e.g., a strike), parent
and affiliates are to enter the number of employees that reflects normal operations. If the number
of employees fluctuates widely during the year due to seasonal business variations, firms are to
report the average number of employees on the payroll during the fiscal year. They are to base
such an average on the number of employees on the payroll at the end of each pay period, month
or quarter.

Capital: Capital is defined as the net (of depreciation) plant, property, and equipment of the
U.S. parent or a foreign affiliate. Unlike assets, this measure thus captures physical capital and
not inventories, other current assets, accumulated depreciation and depletion, equity investments
in other foreign affiliates of which the reporter is a parent, or other noncurrent assets.

Ownership: Parent ownership of a foreign affiliate is determined based on the U.S. reporter’s

direct and indirect ownership interest based on voting stock in an incorporated foreign affiliate, or



an equivalent interest in the case of an unincorporated foreign affiliate.

Industry: The BEA surveys collect sales or gross operating revenues for both the U.S. parent
and each foreign affiliate. These sales revenues are reported for five or more industries, ranked from
largest sales to fifth-largest sales. The industry of an affiliate or U.S. parent is defined based on
the industry for which it reports the highest sales revenues. In building the industry-level datasets,
we define a parent firm to be in an industry based on whether it has reported top sales revenues in
that industry in at least one period.

Affiliate country: The country of location for a foreign affiliate is the country in which the

affiliate’s physical assets are located or where its primary activity is carried out.



Table A.1: Parent and Affiliate R&D Investment and Productivity Change, Computer Industry, Nonlinearity

(1)

(2)

(3)

(4)

(5)

(6)

Productivity (t-1), po

Productivity (t-1), R&D > 0, p,
Productivity (t-1), R&D =0, p,
Productivity squared (t-1), pq4

Parent R&D x Productivity (t-1), o3, 03
Parent R&D (t-1), Yop, ¥»

Total affiliate R&D (t-1), 4.

Affiliate R&D x Productivity (t-1), o5

Affiliate R&D (t-1), v,

Labor elasticity, mean

Capital elasticity, mean

Market, Year FE
Other affiliate R&D (t-1)

N

Parent firms

Foreign affiliates

1.3732 1.3653
0.0956™**  0.0940***
0.7153 0.7619 0.6937 0.7540
0.1007***  0.0929***  0.1031***  0.0943***
0.7223 0.7692 0.7005 0.7609
0.1007***  0.0929***  0.1031***  0.0943***
-0.0405 -0.0399 0.0141 0.0033 0.0155 0.0037
0.0094***  0.0093*** 0.0070** 0.0074 0.0017** 0.0075
0.0075 0.0076 0.0086 0.0088
0.0028***  0.0030*** 0.0293** 0.0038**
-0.0383 -0.0388 -0.0616 -0.0617
0.0169**  0.0179** 0.0039** 0.0293**
-0.0002
0.0015**
0.0021 0.0013 0.0019 0.0013
0.0017 0.0016 0.0017 0.0016
-0.0082 -0.0022 -0.0066 -0.0014
0.0142 0.0136 0.0144 0.0136
0.8157 0.8157 0.4509 0.4509 0.4509 0.4509
0.0976 0.0976 0.1333 0.1210 0.1325 0.1207
Y Y Y Y Y Y
N N N N Y Y
536 536 3,290 3,290 3,290 3,290

Notes: ** p < 0.05, *** p < 0.01. This table provides GMM estimates of the parameters in equation (12) modified by (14)
for foreign affiliates, and estimates of an analogous equation for U.S. parents in the computer industry, SIC 357, during
1989-2008. All specifications measure the impact of R&D investment on value added and productivity change.
Columns 1 and 2 evaluate the full sample of U.S. parents; columns 3 through 6 evaluate corresponding majority-owned,
manufacturing affiliates located abroad. Labor (number of employees), capital (plant, property and equipment), value
added, and R&D expenditure for parents and each foreign affiliate are from the Bureau of Economic Analysis Survey of
U.S. Direct Investment Abroad, and pertain to U.S. outward foreign direct investment reported annually during this
sample period. The estimated mean elasticities of value added with respect to labor and capital are reported above.
Standard errors clustered by firm-year appear below each point estimate.



Table A.2: Parent and Affiliate R&D Investment and Productivity Change, Industrial Machinery, Nonlinearity

(1)

(2)

3)

(4)

®)

(6)

Productivity (t-1), pg.

Productivity (t-1), R&D > 0, p,
Productivity (t-1), R&D = 0, p,
Productivity squared (t-1), p4

Parent R&D x Productivity (t-1), pos, o3
Parent R&D (t-1), yop, 75

Total affiliate R&D (t-1), 7o,

Affiliate R&D x Productivity (t-1), ps

Affiliate R&D (t-1), 7,

Labor elasticity, mean

Capital elasticity, mean

Market, Year FE
Other affiliate R&D (t-1)

N

Parent firms

Foreign affiliates

0.9069 0.9588
0.1667***  0.1692***
0.7269 0.9155 0.7533 0.9174
0.1045***  0.1014***  0.1042** 0.1013***
0.7358 0.9235 0.7622 0.9253
0.1048***  0.1017***  0.1044*** 0.1016™**
0.0038 -0.0015 0.0130 -0.0098 0.0111 -0.0100
0.0196 0.0196 0.0077 0.0080 0.0077 0.0081
-0.0011 -0.0016 0.0092 0.0092
0.0049 0.0049 0.0033*** 0.0032***
0.0140 0.0166 -0.0602 -0.0606
0.0253 0.0254 0.0232*** 0.0234***
0.0022
0.0011**
0.0011 0.0018 0.0011 0.0013
0.0018 0.0018 0.0018 0.0016
0.0013 -0.0041 0.0010 -0.0014
0.0138 0.0140 0.0139 0.0136
0.7271 0.7271 0.5442 0.5442 0.5442 0.5442
0.0922 0.0930 0.0914 0.0965 0.0920 0.0966
Y Y Y Y Y Y
N N N N Y Y
2,609 2,609 5,016 5,016 5,016 5,016

Notes: ** p < 0.05, *** p < 0.01. This table provides GMM estimates of the parameters in equation (12) modified by
(14) for foreign affiliates, and estimates of an analogous equation for U.S. parents in the industrial machinery sector,
SIC 35, during 1989-2008. All specifications measure the impact of R&D investment on value added and productivity
change. Columns 1 and 2 evaluate the full sample of U.S. parents; columns 3 through 6 evaluate corresponding
majority-owned, manufacturing affiliates located abroad. Labor (number of employees), capital (plant, property and
equipment), value added, and R&D expenditure for parents and each foreign affiliate are from the Bureau of
Economic Analysis Survey of U.S. Direct Investment Abroad, and pertain to U.S. outward foreign direct investment
reported annually during this sample period. The estimated mean elasticities of value added with respect to labor and
capital are reported above. Standard errors clustered by firm-year appear below each point estimate.





