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encourage firms' U.S. innovation.

L. Kamran Bilir

Department of Economics
University of Wisconsin - Madison
1180 Observatory Drive

Madison, WI 53706
kbilir@ssc.wisc.edu

Eduardo Morales
Department of Economics
Princeton University

310 Fisher Hall
Princeton, NJ 08544

and NBER
ecmorales@princeton.edu



1 Introduction

Multinational corporations are among the most innovation intensive firms and account for the ma-
jority of innovation investment worldwide.! Although defined by their fragmentation of production
across countries, innovation within these firms is spatially concentrated by comparison, with a
large share of firms pursuing innovation investment in only one (headquarters) country.? If this
concentrated investment results in technological improvements that are shared with foreign sites
for efficiency gain, these facts raise the strong possibility that location-specific policies encouraging
innovation create within-firm gains that are realized abroad. While this is a stated concern of the
U.S. Congress, which awards over $30 billion in innovation subsidies to U.S. firms annually (Na-
tional Science Board 2014), its importance hinges on the actual extent to which innovation within
the multinational firm affects the productivity of affiliates abroad.?

This paper quantifies the intrafirm impact of U.S. innovation investment by multinational
firms on the performance dynamics of manufacturing affiliates abroad. Guided by a model of
global innovation and production, we estimate this impact of innovation for a panel of U.S.-based
firms with affiliates operating in 48 countries during 1989-2008. Our results provide evidence that
headquarters innovation significantly increases affiliate performance within the same multinational
firm, and is also the primary determinant of long-run affiliate performance. Quantitatively, we
find that the average firm thus realizes abroad over a quarter of the return to its U.S. R&D
investment, suggesting estimates based only on domestic operations understate firms’ gain from
U.S. innovation. Aggregating across firms, our estimates further suggest that multinationals’ U.S.
innovation substantially raises aggregate value added in foreign countries hosting their affiliates.
Affiliate innovation, by contrast, does not affect performance growth at other firm sites.

Estimating the impact of headquarters innovation on affiliate performance requires taking a
stand on the production structure of multinational firms. Guided by recent evidence indicating
intrafirm input trade is low within U.S. multiplant firms (Atalay, Hortagsu, and Syverson 2014) and
U.S. multinational firms (Ramondo, Rappoport, and Ruhl 2016), our main specification features
‘horizontal’ firms that do not engage in intrafirm goods trade but instead sell output to arm’s-length
markets. Within this structure, affiliates produce output subject to an idiosyncratic performance
level that evolves according to a Markov process. This performance process may respond to R&D
investments of the affiliate itself, its U.S. headquarters (parent), or other foreign affiliates within
the same firm, reflecting the possible effects of innovation on affiliate performance growth. To
evaluate the performance impact of each innovation source, we build on the contributions of Aw,
Roberts, and Xu (2011) and Doraszelski and Jaumandreu (2013). Our approach is novel in its

explicit consideration of the headquarters innovation impact on foreign affiliate performance within

"UNCTAD (2005), Criscuolo, Haskel, and Slaughter (2010). In the case of the United States, multinationals
account for 91 percent of the innovation investment by firms (National Science Board 2014).

2For U.S. multinationals, see Table 1 below.

3Large corporations claim the majority of U.S. R&D tax credits (Government Accountability Office 2009). These
corporations can indefinitely defer paying U.S. taxes for profits earned by foreign affiliates. The U.S. Senate has
thus stated that: “Substantial amounts of income [are] earned [...] not in the United States where I think most of it
probably belongs. [...] Right now it seems clear to me we are not getting our fair share. The R&D is done here. It
is supported with an R&D tax credit. [...] This is not in balance,” U.S. Senate (2013).



the same firm—an impact that is important not only for the spatial disconnect it reveals between
the costs and potential gains of U.S. innovation policy, but also for what it reflects regarding
the importance of intangible input transfer across firm sites. In particular, our estimates suggest
that ownership theories emphasizing the intrafirm transfer of technological inputs are relevant for
explaining the existence of multinational firms.*

To estimate the parameters of the model, we use detailed affiliate-level panel data on the global
operations of U.S.-based multinational firms from the Bureau of Economic Analysis (BEA). These
data allow us to observe separate measures of parent- and affiliate-specific R&D spending, as well
as inputs and output, within each multinational firm and year. The availability of data on the
allocation of innovation investment across sites within the same firm is particularly unique and
important; such information is rarely available to researchers, but is essential in our analysis. Our
primary results consider firms in the computer industry; we show that our main qualitative findings
also hold in the pharmaceutical and motor vehicles industries, as well as three broader associated
sectors: industrial machinery, chemicals, and transportation equipment. These are the three largest
manufacturing sectors among U.S. multinational firms (U.S. BEA 2008). We observe that affiliates
within a firm often produce distinct products and therefore base our main estimates on the complete
set of foreign manufacturing affiliates in which the parent owns a majority stake; we also provide
separate estimates based only on affiliates operating in the parent industry.

The estimates we recover indicate that the performance of an affiliate is persistent and increasing
in its own R&D investment. Our estimates also reveal that affiliate performance increases in the
innovation of its U.S. parent, and that parent and affiliate R&D are complementary. This latter
result adds nuance to the standard view of the multinational firm (Helpman 1984, Markusen 1984),
which considers all affiliates as pure recipients rather than producers of technology. It is nevertheless
consistent with Cohen and Levinthal (1989), which proposes that innovation enhances a firm’s
ability to assimilate and exploit information—including, in this case, information resulting from
R&D performed at the parent site. We find that the performance impact of an affiliate’s own
innovation investment is significant, but strictly secondary to that of parent R&D. Furthermore,
omitting parent innovation as a determinant of affiliate performance leads to an overstatement—of
approximately 50 percent—in the performance impact of affiliates’ own innovation investment.

Our estimates reveal that the firm-wide, value-added return to U.S. parent R&D is understated
considerably when only its local impact on the firm’s U.S. operations is accounted for. Specifically,
we find that the gross private return to headquarters R&D investment, defined as the impact of
an infinitesimal increase in parent R&D on the total value added earned by its multinational firm,
exceeds the parent-level return by 37 percent for the average multinational firm. Our estimates also
imply that parent innovation is a critical determinant of long-run affiliate performance: eliminating
the effect of parent R&D would, all else equal, imply an average reduction in affiliate performance
of 62 percent; by contrast, eliminating an affiliate’s own R&D would result in an analogous decline
of just 18 percent. This impact of parent innovation on long-run affiliate performance further

translates into an effect on aggregate affiliate value added, thus implying that countries hosting

“For example, Arrow (1975), Teece (1982), Atalay, Hortacsu, and Syverson (2014).



high levels of U.S. affiliate activity would observe a significant decline in industry-level GDP if
affiliates were suddenly unable to benefit from U.S. parent innovation—an effect that may be further
magnified by technology spillovers from affiliates to domestic firms (Javorcik 2004a) and links
with domestic input producers (Rodriguez-Clare 1996). Importantly, such technological knowledge
spillovers are known to be substantially local (Keller 2002); this, combined with our estimates and
the dominance of U.S. parent innovation in aggregate U.S. R&D spending, supports the idea that
multinational production is an important determinant of technology diffusion between countries.’?

To identify the performance impact of innovation, we consider specifications that project mea-
sures of current affiliate performance on different lags of parent and affiliate R&D investment.
Importantly, these specifications control for country-industry-year fixed effects and corresponding
lags of affiliate performance. Consistent with our assumption that affiliate performance follows a
Markov process, controlling for lagged performance ensures that our estimates are not affected by
reverse causality. Specifically, our estimates do not reflect the spurious correlation between lagged
R&D and current performance that would otherwise arise if performance is both persistent and cor-
related with contemporaneous R&D spending. In addition, the country-industry-year fixed effects
we include account for a range of time-varying, unobserved factors that may simultaneously affect
both affiliate performance growth and affiliate incentives to perform R&D. For example, countries
with an abundance of skilled labor may be attractive locations for affiliate R&D investment, and
affiliates in such countries may also have higher performance levels.

A potential concern that remains is that other determinants of future affiliate performance may
be known to the firm at the time innovation decisions take place, but not controlled for by our
measures of lagged affiliate performance and country-industry-year effects. For example, affiliate
performance could be affected by persistent exogenous factors that are known to the firm, but that
affect affiliates differentially even within the same country-industry market. This consideration is
unlikely to be quantitatively important when estimating the impact of parent R&D on affiliate
performance within large multinational firms, however: parent R&D decisions likely depend on the
set of such unobserved affiliate-specific factors across all firm sites, and are therefore less sensitive to
the idiosyncratic performance shocks of an individual foreign affiliate. This reasoning is consistent
with the data; the average multinational firm has 14 foreign affiliates that together account for only
approximately 25 percent of total sales and employment, so that each affiliate tends to be small
compared with the overall firm.

A second potential concern is that multinationals may misreport innovation investment for tax
purposes: firms may, for example, intentionally overreport R&D spending by affiliates located in
high-tax countries with the aim of underreporting profits. To account for this possibility, we build
instruments for affiliate R&D, interacting the user cost of R&D corresponding to the U.S. parent
location (U.S. state) from Wilson (2009) with an index of intellectual property rights protection in
the affiliate host country from Ginarte and Park (1997) and Park (2008). We find that, even after
controlling for country-year and firm fixed effects, observed affiliate R&D spending is significantly

higher in countries with strong intellectual property rights when the corresponding U.S. parent

This has long been hypothesized in the literature; Keller (2004) provides a detailed review.



also faces high R&D costs. Importantly, the country-industry-year fixed effects we include in our
estimation ensures that this instrument is valid even if intellectual property rights are correlated
with local policies that affect incentives to misreport, such as corporate tax rates. Notice, however,
that this instrumentation strategy cannot solve concerns like that described in the paragraph above.
This is because a serially correlated unobservable renders endogeneous not only R&D, but also all
production inputs and their respective lagged values.

This paper contributes to a literature evaluating the impact of R&D investment on plant-level
and domestic firm-level outcomes, and methodologically follows Aw, Roberts, and Xu (2011) and
Doraszelski and Jaumandreu (2013); our focus on global firms further relates our analysis to Boler,
Moxnes, and Ulltveit-Moe (2015). We contribute to this research by estimating the impact of parent
R&D investment on the performance of foreign manufacturing affiliates within the multinational
firm, a magnitude that gains relevance in light of multinationals’ dominance in worldwide innovation
spending. Given that the multinational firm context we consider thus involves not only multiple
countries, but also dynamics and interdependence across firm locations, we pursue an estimation
approach closely resembling Doraszelski and Jaumandreu (2013); that is, we leave unspecified the
innovation cost function of the firm and estimate the impact of innovation on performance without
requiring a full solution to the firm’s complex dynamic problem.

The estimates we recover support theories of the firm featuring sites linked by intangible trans-
fers, and thus complement existing evidence including Atalay, Hortagsu, and Syverson (2014). They
find evidence consistent with the importance of intrafirm intangible transfers by showing that, after
a change in U.S. plant ownership, acquired establishments evolve to resemble the acquiring firm
despite a lack of physical shipments linking sites within the multiplant firm.” While this approach
takes a general view of the form of the intangibles involved, our analysis provides related evidence
for a specific form of intangible input that we find is transferred across sites within the firm: the
proprietary knowledge resulting from R&D investment. A key motivation for our focus on R&D
is the prevalence, in many countries, of policies that subsidize local firms’ innovation, and the
corresponding potential for these subsidies to impact multinational firms’ performance abroad.

Our results are closely related to work aiming to establish the existence of international tech-
nology transfer across plants within the multinational firm (Branstetter, Fisman, and Foley 2006;
Keller and Yeaple 2013; Gumpert 2015).8 A distinction in our paper is that we infer the flow of
technology by estimating the impact of U.S. parent R&D on foreign affiliate performance, without
relying on observed proxies for technology transfer. We are therefore able to compare the conclu-
sions that arise from these two approaches for measuring technology transfer within the multina-

tional firm. Consistent with Branstetter, Fisman, and Foley (2006), we find that the payment of

SWe also address potential R&D reporting errors in specifications that exclude affiliates located in tax havens.

"Ramondo, Rappoport, and Ruhl (2016) document a similar lack of shipments across sites within U.S. multina-
tional firms, and Arnold and Javorcik (2009), Guadalupe, Kuzmina, and Thomas (2012), and Javorcik and Poelhekke
(2016) show that affiliates acquired by foreign multinationals are faster growing than unaffiliated firms.

8Branstetter, Fisman, and Foley (2006) use royalties paid to parents by affiliates as a proxy for technology transfer.
Keller and Yeaple (2013) use the joint distribution of U.S. multinationals’ intrafirm trade and affiliate sales to show
that firm activity is consistent with parents and affiliates sharing technology in both tangible and intangible forms.
Gumpert (2015) presents empirical evidence for knowledge transfers using data on corporate transferees. Giraud
(2013) provides indirect evidence of intrafirm trade in intangibles within U.S. multiplant firms.



royalties and technology license fees is indeed positively correlated with the affiliate-level impact
of parent innovation that we estimate. In addition, consistent with Keller and Yeaple (2013), we
extend our baseline framework to a ‘vertical’ specification that permits parent-affiliate trade, and
find that intrafirm goods trade channels proprietary technology across firm sites.

Finally, the quantitative implications of intrafirm technology transfer that we compute are re-
lated to studies assessing implications of input trade and proprietary technology transfer within
multinational firms, including McGrattan and Prescott (2010), McGrattan (2012), Irrazabal, Moxnes,
and Opromolla (2013), and Bilir (2014). Our estimates complement research investigating the wel-
fare gains from multinational production and the importance of the cross-plant, within-firm produc-
tivity distribution for the magnitude of these gains (Ramondo and Rodriguez-Clare 2013, Arkolakis
et al 2014, Head and Mayer 2016, Tintelnot 2016)—a distribution that in our model depends on
endogenous decisions of the firm, including the extent of parent and affiliate R&D investments.

The rest of the paper is organized as follows. Section 2 presents an empirical model of innovation
in the multinational firm. Section 3 describes the data. Section 4 outlines the baseline estimation
strategy and discusses our identification assumptions. Sections 5 and 6 present our estimates,
and section 7 discusses quantitative implications of these estimates. Sections 8 and 9 extend
the baseline model to account for intrafirm trade and misreporting, respectively, and section 10

concludes. Derivations and additional details may be found in the online Appendix.

2 Empirical Model

This section describes an empirical model of production and innovation investment in the multi-
national firm. The baseline model considers a ‘horizontal’ firm that does not engage in intrafirm
trade across plants, consistent with evidence in Ramondo, Rappoport, and Ruhl (2016). We use
our model to derive estimating equations that may be combined with available data to determine

the performance impact of innovation across different sites within the multinational firm.

2.1 Setup

Time is discrete. Consider a set of multinational firms ¢ = 1,...,7Z; operating within the same
manufacturing industry, defined as the output industry of the parent. The set of firm-i production
sites active in period t is J;;. Sites in J;; are indexed by j, where 7 = 0 denotes the parent and j > 0
corresponds to its foreign manufacturing affiliates. We focus in this section on foreign affiliates,

and postpone our separate treatment of parents to section 7.2.

2.2 Demand

Within firm 4, each affiliate j sells a single variety as a monopolistically competitive firm in a

market n;;. We define n;; as the country-sector pair in which affiliate j produces, and assume that

“Ramondo, Rappoport, and Ruhl (2016) report that the majority of foreign affiliates of U.S. multinationals send
no shipments to, and receive below one percent of inputs from, their U.S. parent. Section 8 and Appendix A.14
nevertheless consider an extended version of our model in which affiliates may source inputs from their parent.



any two distinct affiliates j and j of firm i operate in distinct markets n;; and nl-j/.lo Thus, while
each manufacturing affiliate operates in a single sector, different affiliates within a given firm may

produce in different industries and in different countries.!’ Importantly, the country corresponding

to n;; is the firm-7, affiliate-j production location, but need not be the location of its customers. 2
Assume that affiliate j faces the following demand function for its output Q;j;:
Qz’jt = Qnijt(‘lji]'t/Pnijt)io eXp[fijt(a - 1)]’ (1)

where o > 1 is the elasticity of substitution across output varieties, P;;; is the output price set by
affiliate j, and &;; is an unobserved demand shock (or product quality shock) that is known to
the firm when making its input, output, and pricing decisions at period t.'> Market-level variables

Pyt and Q¢ denote the period-t aggregate price index and demand level, respectively.

2.3 Production

To produce output @;j¢, affiliate j combines capital, labor, and materials using the following pro-

duction technology

Qije = (H(Kijs, Liji; )~ M5 exp(wije) (2)

where
H(Kiji, Liji; o) = exp(h(kije, liji; ) (3)
h(kije, lije; o) = oqlije + oksje + Oélll?jt + akkki?jt + aurlijekije (4)

and a = (ay, ag, ay, gk, oqr)- M In (2), Kiyjp is effective units of capital, L;j; is the number of
production workers, M;;; is an unobserved quantity index of materials use, and w;;; denotes the

Hicks-neutral physical productivity at ¢.®> Consistent with our baseline assumption that firm i

10This definition is in line with the data, which do not distinguish between plants owned by firm i that operate in
the same country-industry pair. This market definition accommodates a range of firm structures, from those with
affiliates operating in the same sector in spatially segmented markets, to those with affiliates operating in different
sectors in the same geographic market.

"Both assumptions are consistent with the data. In 2004, for example, over 60 percent of U.S. computer firms’
foreign affiliates produce exclusively in one three-digit industry. Among the approximately 40 percent remaining,
the affiliate’s primary industry accounts for 92 percent of its total sales, on average. However, within the same firm,
affiliates specialize in a range of industries: for example, only 16 percent produce in the same industry as their U.S.
parent. Affiliates are similarly heterogeneous in their geographic location. The United Kingdom, which hosted the
largest number of U.S. firm affiliates in 2004, accounted for just above 10 percent of affiliates in that year.

20ur estimation approach (see section 4) does not require taking a stand on the geographic location of demand,
and thus implicitly accommodates export-platform sales.

!3This demand function has previously been used in the production function literature (e.g. De Loecker 2011).
Other work emphasizes the empirical relevance of both heterogeneous and variable markups (De Loecker and Warzyn-
ski 2012, De Loecker et al 2016), including in contexts with endogenous innovation (Doraszelski and Jaumandreu
2013). Markup heterogeneity may be accommodated in our framework through heterogeneity in o. Section 6 and
Appendix A.5 extend our model to allow o to vary by year. Allowing for variable markups given the demand in (1)
requires relaxing the assumed monopolistic competition structure; see Appendix A.6 for further discussion.

M1 ower-case Latin letters denote the logarithm of the upper-case variable, e.g. l;;+ = In(Lsjt).

15A recent literature estimates production functions that include both Hicks-neutral and labor-augmenting pro-
ductivity terms; see Bgler (2015), Doraszelski and Jaumandreu (2016), for example. We leave the application of this



does not engage in intrafirm input trade, we assume here that M;;; includes only inputs purchased
from arms’-length suppliers. This production function in (2) combines materials with a translog
function of capital and labor, defined in (3) and (4), according to a Cobb-Douglas technology.!®
The elasticity of output with respect to materials is captured in (2) by au,; output elasticities with
respect to capital and labor may be heterogeneous across affiliates in (4), reflecting differences in

factor usage. We assume affiliates take prices of labor P!, capital PZ-"C

: m )
it 7t» and materials P77 as given,

m _ pm 17

and that the latter is common to all affiliates within a market-year: P/} = Pnijr

2.4 Value Added Function

Given the production and demand structures described above, and assuming firm i determines M; ;;

optimally by maximizing affiliate-j static profits at ¢, log value added va;;, may be expressed as
vagy = Kyt + h(Kije, lije; B) + bije, (5)

where 8 = a(l — ay)t and ¢ = (0 — 1)/(0 — aum(o — 1)); see Appendix A.1 for a derivation of
this expression. In (5), Kn;;t 18 a function of the materials price ngjt, aggregate price index Py, ¢,
and aggregate demand level @, + in market n;; at ¢; h(-) is the translog function of capital and
labor inputs in (4) above. The term 1);j; is the t-scaled sum of the affiliate-j physical productivity
and demand (product quality) shock: v;j: = t(wije + &ije). We refer to ;5 as the idiosyncratic
performance level of affiliate j.'®

Allowing value added to be measured with error, we express observed value added va;;; =

va;‘jt + €ijt as
vaije = Kngt + Mkijt, lige; B) + Vige + €4t (6)

and assume that the measurement error ;;; is mean independent of capital k;j, labor /;;;, and all

variables known to firm ¢ in period t — 1:
BEi—1eije| kije, lije] = 0. (7)

2.5 Impact of Innovation on Firm Performance

The performance 1);;; of firm 4’s affiliate j evolves over time according to the stochastic process

extension to the context of multinational firms for future work.

16The elasticity of substitution between materials and the joint output of capital and labor is restricted to one by
necessity: affiliate materials use is not directly observed in the data. Nevertheless, (2) yields a value added function
analogous to that in the literature (e.g. De Loecker and Warzynski 2012). While we could attempt to recover a
proxy for spending on materials as the difference between revenue and value added, any measurement error in these
latter variables would also impact this proxy, impeding the estimation of a production function that is translog in
materials. See Appendix A.7 for discussion.

17 Assuming affiliates in the same market-year share a common material input price enables us to account for it
through market-year effects (see sections 2.4 and 4).

18Performance thus combines supply and demand shifters as in Foster, Haltiwanger and Syverson (2008), De Loecker
(2011), and Bgler, Moxnes, and Ulltveit-Moe (2015).



Yije = By1[Vije] + mije, (8)

where, in our baseline setting, the expectation of affiliate-j performance 1);;; conditional on the

information of firm 7 at ¢ — 1 is

B¢ 1[Yijt] = phije—1 + taTije—1 + ppTiot—1 + HapTije—17Ti0t—1 + Hngjt- 9)

This expectation depends on a) lagged affiliate-j performance 1);;;,—1 through the persistence pa-
rameter p, b) lagged affiliate-j R&D investment 7,1 and parent R&D investment r;p;—; through
the parameters fiq, p1p and piap, and c) a market-year unobserved term iy, reflecting country-
sector-year characteristics that affect the performance of all affiliates operating in n;; at ¢.!9 We
define 7;;; = 0 for observations in which affiliate j does not perform R&D.?° From (8), Mijt cap-
tures exogenous shocks affecting the performance of j at ¢ that are not anticipated by i at ¢t — 1.
To account for the possibility that the distribution of these performance shocks may differ across
firms, countries, and years, our estimation approach does not restrict the distribution of n;;; beyond
the mean-independence condition implied by (8). Specifically, in section 6 we present results with
standard errors clustered at the firm-year level, thereby allowing 7;j; to reflect firm-year specific
shocks that affect simultaneously all sites j within firm 3.

The expected productivity of affiliate j in (9) depends on its past productivity and R&D
spending, in line with recent plant-level models of innovation including Aw, Roberts, and Xu
(2011), Doraszelski and Jaumandreu (2013), and Bgler, Moxnes, and Ulltveit-Moe (2015).2! A
distinction in (9) is the inclusion of R&D investment performed by the parent of affiliate j. This
allows us to assess the intrafirm influence of headquarters innovation on the performance of foreign
affiliates. Specifically, positive values of y, and pqp in (9) would be consistent with parent innovation
increasing affiliate performance, with an impact that is itself increasing in affiliates’ own R&D
spending. Sections 5 and 6 present parameter estimates corresponding to the baseline model in
(9) and several alternative specifications. Section 8 includes a generalization of (9) that permits

affiliate imports from the parent to influence affiliate performance.??

Y Equations (8) and (9) describe the evolution of performance t;;;. Identifying separate processes for w;j; and &;j:
would require observing either output prices (see Roberts et al 2011) or revenue in at least two separate markets per
affiliate (see Jaumandreu and Yin 2014); neither is available in our dataset. Key parameters pq, pp and pep may
thus be interpreted as reflecting the joint impact of R&D on wjj;¢ (process innovation) and &;;; (product innovation).
Appendix A.2 contains examples of different stochastic process for productivity w;;; and demand shifters &;;; that
are consistent with the evolution of performance described by equations (8) and (9).

20In the estimation sample, 92.5 percent of parent observations have a positive R&D expenditure, while just 24.1
percent of affiliate observations do (see Table 1). We measure R;j; in thousands of U.S. dollars. Among non-zero
observations for affiliate R&D, all satisfy R;;+ > 1, and r;j; is therefore strictly positive among R&D-performing sites.
In section 6.2, we relax the functional form in equation (9), estimating separate market-year fixed effects for affiliates
performing R&D and for those with R;;; = 0.

2n our context, introducing nonlinear functions of 1;;:—1 in (9) poses an empirical challenge. As section 4.1 shows,
our estimation approach requires including a large set of market-year fixed effects. These would enter the estimating
equation nonlinearly if we were to allow for higher-order terms such as 1/)1'2jt—1 in (9); due to the resulting incidental
parameters problem, our parameter estimates would be asymptotically biased. See Appendix A.8 for details.

22A control that has been shown in the literature to be important (e.g. Evans 1987, Dunne et al 1989, Huergo and
Jaumandreu 2004, Haltiwanger, Jarmin, and Miranda 2013) and that we are not able to include in (9) is affiliate age.



2.6 Firm Optimization

In every period ¢, firm ¢ determines optimal levels of labor L;;, materials M;;, capital investment Iz,
R&D investment R, and output prices Py for each of its affiliates active at ¢, and also determines
the set of affiliates that will be active at ¢ + 1, Ji;41.2> These decisions are a function of firm i’s

state vector S;;, which has elements
! k k
Sijt = (Q;Z)ijta Kijtu Pijt) ]Dijw PnTZ-LjU Qnijt, Pnijt’ ,U,nijt, Xijt? X;'djtu Fijt)u (10)

where ijt and x;;, are exogenous affiliate-specific shocks to the cost of investment in physical
capital and R&D, respectively, and Fjj; is a fixed operating cost.

The Bellman equation associated with firm 4’s dynamic optimization problem is

V(Sit) = Héax{ E I(Sijt, Lijt, Lije, Mije, Pijt, Rijt) + OE[V (Sit41)[Sit, Lir, Rit]} (11)
1t
JE€Tit

where Cj; = {Jit+1, Lit, Lit, My, Py, Ry } is the set of control variables, V'(+) is the value function,
I1(-) is the profit function, and § is the discount factor. We assume capital at t is determined by
physical capital investment in all previous periods according to the law of motion Kjj; = 63 K;j1—1+

I;ji—1. If active at period ¢, the profit function of firm ¢’s affiliate j is

I1(Sijt, Lije, Lije, Mije, Pije, Rije) = VAfj, — Wi, — Cr(Ply, Lije, Kije, X550) — Cr(Raje, Xi50) — Fie
(12)
where Cj(-) and C,(-) are cost functions of investment in physical capital and R&D, and Wiljt =
Pilthijt is total spending on labor inputs. Our estimation approach below does not require specifying
Ck(+), Cyr(+), or the distributions of cost shocks ijt, Xij¢» and Fijpt

2.7 Interpreting Innovation Effects in the Model

The parameters fiq, ft, and fiqp in (9) jointly capture the impact of innovation investments R4

on performance ;j; for manufacturing affiliates present at both ¢ — 1 and ¢. These innovation

Our data do not provide information on the age of affiliates resulting from the acquisition of a previously existing
firm (which, according to the BEA data, form around 65% of all manufacturing affiliates).

23The baseline model thus assumes affiliate entry and exit decisions are taken with a one-period lag; section 4.2
considers instead the case of instantaneous affiliate entry and exit. For any X, we henceforth denote X = {Xij¢ }je;, -

24The absence of restrictions on Cy(-), C-(-) and the distributions of xfjt and x7;; ensures that there exist Cy(-) and
C,(-) functions as well as ijt and x7;; realizations that are able to rationalize any observed pattern of investment in
R&D and physical capital, including observed zeros. Specifically, these cost shocks allow for differences in both fixed
and variable R&D and capital investment costs. Estimating Cx(-) and C;(-) using necessary conditions for optimality
of observed R&D and capital investment requires accounting for interdependence in these decisions across affiliates
and over time, and therefore solving a dynamic discrete choice problem with a very large choice set and state vector.
This poses a well-known computational challenge (e.g. Holmes 2011, Morales, Sheu, and Zahler 2015), and resulting
estimates and predictions may be very sensitive to the definition of firms’ information sets (Dickstein and Morales
2015). Separately, Fillat and Garetto (2015), Gumpert et al (2016), and Garetto, Oldenski, and Ramondo (2016)
have shown that a sunk cost of affiliate entry is able to explain important features of multinational firm dynamics.
While for notational simplicity, the profit function in equation (12) does not include such a sunk cost, the estimation
approach, results, and implications described below would not be affected by including such costs.



parameters reflect a range of potential channels through which innovation may impact affiliate
performance. These include the impact of R&D investment as manifested through affiliates that
upgrade product quality, increase manufacturing efficiency, or switch to a new product.

In addition, firms in our model choose whether to a) become a multinational by opening a first
affiliate, b) maintain an existing affiliate, or ¢) open a new affiliate based, in part, on the performance
of all potential firm sites. Our model thus accounts for the possibility that innovation impacts
affiliate entry and exit through its effect on affiliate performance. Although pg, 1, and pg, do
not themselves quantify the affiliate entry effects of innovation, the estimation framework accounts
for—and is thus consistent with-—responsiveness to innovation along these entry margins.?>

The functional form in (9) is motivated by two considerations. First, the model nests a bench-
mark specification, studied recently in Aw, Roberts and Xu (2011) and Doraszelski and Jaumandreu
(2013), whereby the productivity of a domestic firm or plant responds exclusively to its own innova-
tion investment—that is, innovation that is performed within the same domestic firm or plant. This
specification is captured by a version of (9) that restricts both p, and j4, to be zero. Estimated
values of these parameters significantly different from zero would thus suggest the importance of a
new, international dimension of intrafirm R&D effects on the evolution of plant performance within
the multinational firm.?% Second, regarding the interaction term governed by Hap, NOtice that in its
absence, the log-linear functional form implies a specific degree of substitutability between parent
and affiliate R&D in determining subsequent affiliate performance. By including this interaction
term, we relax this restriction, allowing ji,), to flexibly govern the degree of substitutability between
affiliate and parent R&D as determinants of affiliate performance.

Finally, the model treats ji,, pp, and piq, as technological parameters. An alternative would be a
model in which these parameters reflect the combination of a) knowledge communication frictions,
and b) the decision over how much proprietary technology a parent transmits to its foreign affiliate.

Given the data in hand, however, we are unable to distinguish between these two forces.?”

3 Data and Measurement

Estimating the parameters of the model in section 2 requires measures of innovation for each
multinational firm parent, and measures of inputs, output, and innovation for each of its affiliates.
We describe these below.

3.1 Innovation and Production in U.S. Multinational Firms

We use affiliate-level panel data on the global operations of U.S.-based multinational firms from the

Bureau of Economic Analysis (BEA) Survey of U.S. Direct Investment Abroad. These confidential

250ur model abstracts from the potential markup effects of innovation, though extended versions could accommo-
date this possibility. See Appendix A.6 for discussion.

26 An alternative would be to regress the performance of each affiliate on its own R&D investment and on the total
R&D expenditure of its multinational firm. The results from such a specification are likely to be similar to those
obtained from (9) given the dominance of parent R&D in the overall R&D investment of each multinational firm.

2"For recent work that considers the firm decision over technology transfer to affiliates within the multinational
firm, see Bilir (2014) and Holmes, McGrattan, and Prescott (2015).
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data provide information on U.S. parent companies and each foreign affiliate on an annual basis.?®

For our analysis, we assemble separate datasets corresponding to different manufacturing industries
for the period 1989-2008. Details regarding data construction appear in Appendix A.3.

The data include direct affiliate-level measures that correspond to variables in the model. These
include value added V' A;j;, the value of physical plant, property, and equipment, net of depreciation
K;j;t, the number of employees L;j;, and total employee compensation Wzljt Affiliate-level measures
of inputs sourced from the parent and technology license fees paid to the parent are also available
and will enter our analysis in sections 6.1 and 8, respectively. The index of materials use M;j,
the output market price and quantity indexes P, ;; and Q¢+, and the materials price P{L’;jt are
not observed. Importantly, the data include separate parent- and affiliate-level measures of R&D
investment for distinct sites within the same firm. The availability of panel data that include
measures of production inputs, output, and R&D by site within the same firm is both essential for
estimating the model in section 2 and also unusual. To our knowledge, the data provided by the
BEA is the only affiliate-level resource that provides a homogeneous measure of site-level innovation
spending within a comprehensive panel of multinational or multiplant firms.

The measure of innovation investment in the data captures primarily variable costs of perform-
ing R&D. Specifically, it includes spending on wages and salaries, materials, and supplies used in
both basic and applied R&D, and also spans the range between product and process R&D. This
definition is consistent with the model in section 2, which considers R&D investment as impacting
performance, which itself reflects both production efficiency w;;; and product quality £ijt.29 This
measure does not account for spending on capital inputs, routine testing and quality control, market
research, or legal expenses related to patents.

Labor L;j;; in the model is a production input, but a plant performing innovation may dedicate
a subset of its labor to R&D activity. The data do not always include separate measures of
production and innovation employees, and our baseline estimation therefore measures L;j; as the
(always available) total number of employees. Benchmark-year surveys do, however, record separate
measures of both total employment and R&D employment. Using these, we construct an alternative
measure of L;j; that, similar to Schankerman (1981), corrects for affiliate-specific differences in the
share of total employment devoted to innovation; we use this measure in section 6.3.%°

We estimate the parameters of the model separately by industry. Multinationals are assigned to

an industry based on that of the parent. Our main analysis uses only information on manufacturing

28The survey is conducted by the BEA for the purpose of producing publicly available statistics on the operations
of U.S. multinationals and is comprehensive in its coverage. 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. The country of an affiliate corresponds to the location of its physical assets.

29This aspect of the data precludes estimating separate effects for product and process innovation; see Cohen and
Klepper (1996) and Dhingra (2013) for models that feature both types of innovation. Comprehensive benchmark-
year surveys in 1989, 1994, 1999, and 2004 provide a decomposition of R&D spending according to the entity paying
for the R&D and the entity performing the R&D, which may in certain cases be distinct. In line with the model
assumptions, this decomposition shows that nearly all of the R&D activity completed at an affiliate site is also paid
for by the performing affiliate (U.S. BEA 2008).

30The data do not provide information to permit an analogous approach for capital inputs. However, we find in
section 6.3 that correcting measured labor inputs has only a negligible impact on the estimates obtained, suggesting
this is unlikely to be an important empirical concern.
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affiliates; our estimation sample thus excludes affiliates in agriculture, mining, construction, trans-
portation and public utilities, finance, insurance, retail, real estate services, health services, and
other services. In section 6.4, we demonstrate the robustness of our results to further restricting
our sample to include only affiliates operating in the parent industry.

The main analysis evaluates firms operating in Computers and Office Equipment (SIC 357), a
manufacturing industry that accounts for the production of electronic computers, computer termi-
nals, computer peripheral equipment, calculating and accounting machines, and office machines.
Summary statistics for this industry appear in Table 2. To assess the sensitivity of our results to
potential differences across industries, section 6.5 presents estimates for multinational firms in Mo-
tor Vehicles and Equipment (SIC 371) and Pharmaceutical Drugs (SIC 283). We further evaluate
the robustness of our results to the degree of sectoral aggregation in the data; section 6.5 provides
estimates that rely on a broader industry definition: Chemicals (SIC 28), Industrial Machinery (SIC
35), and Transportation Equipment (SIC 37). These are the three largest manufacturing sectors
according to the number of affiliates (U.S. BEA 2008).

3.2 Descriptive Statistics

Our main estimation sample for the Computers and Office Equipment industry includes 119 parent
firms located in 29 different U.S. states, and their 942 majority-owned, foreign manufacturing
affiliates located in 48 countries. The modal affiliate also operates in the computer industry (SIC
357), and the average parent firm has 14 foreign affiliates (standard deviation 10.4).

Table 1 summarizes the distribution of innovation investment within and across U.S.-based
multinational firms in the computer industry. The top rows reveal three salient features of the
data regarding the organization of innovation activity across sites within the firm: first, nearly
all U.S. parents invest in R&D; second, only 47.8 percent of multinational firms have at least
one foreign affiliate performing R&D; and third, for the average firm, fewer than 25 percent of
affiliates perform any R&D. These statistics indicate that the spatial concentration of innovation
investment is higher than that of production within multinational firms: although multinationals
are defined by their fragmentation of production across countries, the majority of these firms
perform R&D investment in only one country. In Appendix A.3, we provide analogous statistics
for the three broader industries considered in our estimation, Chemicals, Industrial Machinery, and
Transportation Equipment, and find that the within-firm organization of innovation in each of these
industries is similar to that in the computer industry.

Another way to understand the dispersion of production relative to innovation is to consider the
share of each activity accounted for by foreign affiliates within the firm. Rows 4 through 8 in Table
1 show that affiliates in the computer industry tend to account for only a small share—8.5 percent,
on average—of firm-level R&D spending. By contrast, the affiliate share in total employment for
the average firm is 26.6 percent, and in sales is 28.8 percent. The affiliate share in value added,
16.7 percent, is also higher than that in R&D spending. A similar pattern holds in each of the
broader industries we consider (Table A.1, Appendix A.3). Parent sites are thus responsible for a

substantially higher share of innovation investment than of production, on average. That the spatial
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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). However, the observation
that some firms fragment innovation across countries may suggest the presence of frictions limiting
the communication of technical knowledge across sites (Arrow 1962, 1969). Importantly, these

statistics suggest that a subset of affiliates are producers rather than pure recipients of knowledge.

4 Estimation

This section uses the model described in section 2 to derive a set of estimating equations. We show
how these may be combined with the data in section 3 to estimate the parameters of the model

determining the affiliate-level performance impacts of parent and affiliate innovation.

4.1 Estimation Approach

The parameters of interest are those determining affiliate value added in (6), 3, and those governing
the short-run and long-run impacts of innovation on affiliate performance in (9), (p, tas thp, tap)-

To derive an estimating equation, we first combine (6), (8), and (9), to arrive at

vaije = h(kije, liji; B) + p(vaiji—1 — h(kije-1, liji—1; 8))
+ HaTijt—1 + HpTiot—1 + HapTijt—1Ti0t—1 + Yyt + Uijt, (13)

where u;j; = 15t + €ijt — peije—1 is a function of the performance shock and measurement error in
value added, and where Vnijt = Pngjt + Fngt — Phingt—1 18 & market-year effect that accounts for both
the unobserved quantity and prices embedded in fp,;; and the market-year specific component of
firm performance, fin, ;-

Estimating (13) requires addressing two identification challenges. First, as a static (flexible)
input, labor hired by firm ¢’s affiliate j during period t is determined after the period-t shock to
performance 7;;; is observed by firm . This gives rise to a correlation between /;;; and the error
term u;j; (Griliches and Mairesse 1998). Second, u;j; is also a function of the measurement error
€;jt—1 in value added va;j;;—1, resulting in a correlation between va;j;—1 and u;;;. To simultaneously
address both challenges, we estimate the parameters of interest in two steps.

The first step uses the affiliate labor optimality condition to estimate parameters determining
the elasticity of value added with respect to labor (8, By, Bix) and the measurement error com-
ponent of value added ¢;;; for each affiliate and period (see Gandhi, Navarro, and Rivers 2016).
Conditional on these first-step estimates, the second step estimates the remaining model param-
eters (Bk, Brks P Mas Hp, Hap) While controlling for the market-year effects {7y,+}. These steps are

described below.

Step 1 Given the production function in (2), the profit function in (12), and the assumption that

labor is a static input, a necessary condition for labor to be optimally determined is
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: eXP(th)a (14)

y My
B+ 2Bulije + Birkije VA

where, as in (12), Wiljt is total affiliate-j spending on labor inputs during period ¢t. Parameters

(81, Bu, Bir) are thus identified from the moment condition in (7), which implies
Elvaij — w'lijt +log(B1 + 2Bulije + Binkije)|lije, kije, J € Tit) = 0, (15)

where conditioning on j € J;; reflects that identification relies only on affiliates active at period ¢.
Given (15), we use Nonlinear Least Squares (NLS) to estimate (5, By, Bix).>! With the estimates
(Bl, Bll, Blk) in hand, we recover an estimate of the measurement error ¢;;; for each firm i, affiliate
J, and period t: &;j; = vagjr — wéjt -+ log(Bl + 2B”lijt + Blkkijt).?’z

Step 2 Using the estimates (BhBll,Blk) and &;j¢, we construct va;j; = vagj; — Bllijt — B”l?jt —

Blklijtki]’t - éijt and rewrite (13) as

Vaije = Brkijt + Brikije + p(Waiji—1 — Brkije—1 — Brwkise_1)

+ MaTijt—1 + HpTiot—1 + HapTijt—1Tiot—1 + Vny;t + Nigt- (16)

Notice that the error term in (16) is now simply the performance shock, 7;;;. We thus base the

identification of (B, Bkk, s fas tps fap) O0 (8), which implies
Enijtlkije, Vagje—1, Kije—1, Tiji—1, Tiot—1, Yoyt J € Jit—1,J € Tit] = 0. (17)

Notice that, by conditioning on both j € J;;—1 and j € J, (17) accounts for the restriction that
an affiliate must be active in both periods ¢t — 1 and ¢ to be included in the estimation sample.
Using (16) and (17), we estimate (B, Bk, 0, La, Lp, Hap) using NLS, controlling for the market-year

effects {7y,,:} using the Frisch-Waugh-Lovell theorem.?3

31Note that (14) is compatible with differences in value added per worker across affiliates. These may be due to
either differences in wages Piljt or capital usage K;j;. Wage variation across affiliates may reflect differences either
in labor supply or labor market frictions, as affiliates may operate in different labor markets even within the same
country-sector pair n. And, because we do not restrict the correlation between affiliate performance v;;; and wages
Piljt, our model is consistent with differential labor frictions across affiliates depending on performance ¥;j; (e.g. due
to differences in screening or hiring mechanisms). Differences in K;j; may reflect variation in any affiliate-specific
state variable in S;¢, including, for example, performance 1);;:, the capital price Pilj-t, or capital adjustment costs xfjt.

32Theoretically, an alternative way of handling measurement error in value added would be to use a control
function for unobserved performance 1;;+ that exploits variation in either capital (Olley and Pakes 1996) or materials
(Levinsohn and Petrin 2003), estimating the production function parameters either in the original form suggested in
these papers or using the alternative approach in Ackerberg, Caves, and Frazer (2015). In practice, a control function
based on capital, a dynamic input, would require a nonparametric projection of va;j; on all variables in the firm-i
state vector; this is infeasible in our setting due to the large dimensionality of S;; in (10), which precludes following
Olley and Pakes (1996). We cannot use materials as a control variable, as we do not observe affiliate materials
expenditures. This precludes following Levinsohn and Petrin (2003) and Ackerberg, Caves, and Frazer (2015).

33Gee Frisch and Waugh (1933), Lovell (1963), Giles (1984). Tt is important to have many affiliates operating in
each market-year so that, after controlling for {7y,;+}, the variation that remains is sufficient to identify the unknown
parameters in (16). If variation within a market-year among the observed covariates in (16) is low, large standard
errors for our estimates of (B, Bk, P, tas tp, hap) Would result.
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This second step identifies the impact of affiliate and parent R&D investment on affiliate per-
formance ;;; by exploiting variation in ;51 and r0;—1 conditional on lagged affiliate performance
¥iji—1 and market-year unobserved effects vy, St Controlling for 1;;;—1 ensures that our estimates
are not affected by reverse causality. Specifically, our estimates do not reflect the correlation be-
tween lagged R&D 7;;:—1 and current performance v;;; that would arise if performance is persistent
and r;j;—1 is determined by %;;;—1. In addition, market-year fixed effects Yny;t account for country
characteristics that may affect both affiliate performance growth and affiliate incentives to perform
R&D. For example, countries with an abundance of skilled labor may be attractive locations for af-
filiate R&D investment, and affiliates in such countries may also have higher levels of performance
growth. Importantly, the fixed effects we include account for the possibility that such country
characteristics may have differential effects on affiliates depending on their industry. All remaining
variation that is unobserved by the econometrician, 7;;, is assumed to be mean independent of
the information known to the firm at period ¢ — 1, S;;_1, and is therefore uncorrelated with R&D
investments at period ¢ — 1.34

Intuitively, our approach thus estimates the impact of R&D on future performance by compar-
ing two affiliates in the same host country that share equal performance levels at ¢t —1 and that differ
in parent and affiliate R&D investments, 7;0;—1 and 7;;;—1. Conditional on affiliate performance and
a market-year, note that optimal R&D investments of the affiliate and its parent may differ due,
for example, to differences in their realized R&D cost shocks xj;; 1 and xjy_; (see section 2.6).
Identification does not require fully specifying the impact of these R&D cost shocks on optimal
R&D decisions, as we rely on observed R&D choices in the data for identification. Hence, our
estimator is robust to alternative models of the R&D decision, as long as they are consistent with
the assumption that R&D decisions at ¢ — 1 are mean independent of performance shocks at t. In
particular, the model in section 2.6 assumes that multinational firm i determines innovation invest-
ments optimally for each of its sites J;;, but our estimation approach remains valid if each affiliate
instead determines independently its own innovation investment, provided these investments are
orthogonal to subsequent performance shocks.

This two-step estimation procedure yields consistent and asymptotically normal estimates of

the parameters (51, Bi, Bik, Bk, Bk Ps fas fp, Hap) Under the assumptions in section 2.35

340ur estimation approach implicitly assumes that affiliates owned by parents that share a common sector have
identical production parameters, even if the affiliates themselves operate in distinct industries. If these parameters
were instead heterogeneous and correlated with the R&D investment of the affiliate or its parent, our estimates of
(Hhas tps fap) would be biased. To explore the importance of this concern, in section 6.4 we restrict the estimation
sample to include only affiliates producing in a single industry (that of the parent), and obtain estimates quantitatively
similar to our baseline results. An incipient literature (Kasahara, Schrimpf, and Suzuki 2015, Balat, Brambilla and
Sasaki 2016) explores the extent to which it is feasible to permit unobserved heterogeneity in production parameters.

35Consistency and asymptotic normality are guaranteed provided (14), (15), (16), and (17) hold. Equation (14)
is derived from the demand function in (1), the production function in (2) and the assumptions that affiliates are
monopolistically competitive and both materials and labor are static inputs. Given (14), (15) is implied by (7).
Equation (16) is implied by (13), which is itself a function of the demand and production functions, the assumption
that affiliates are monopolistically competitive, and the stochastic process for firm performance in (8) and (9). Finally,
(17) is guaranteed by the mean independence between 7;;: and the state vector of firm 4 at period t —1, S;;—1, implied
by (8) and our assumption in section 2.6 that decisions regarding both period-t capital k;;; and whether affiliate j is
active in period t, j € Jit, are taken in period t — 1.
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4.2 Instantaneous Entry and Exit

The model presented in section 2 assumes affiliate entry and exit decisions taken at ¢ are imple-
mented after period-t production occurs. We consider here the possibility that entry and exit
decisions taken at t are instead instantaneous, taking place prior to period-t production decisions.

Condition (17) requires that the expectation of the performance shock 7 is zero across affiliates
active at both t — 1 and ¢. For affiliate j to be active at both t — 1 and ¢, it must be the case that
a) entry by j occurs at or before ¢t — 1, and b) exit by j occurs after ¢. Instantaneous entry is thus
not a concern as (8) implies entry events that occur prior to period t are independent of 7;;;.

However, instantaneous exit decisions may introduce a form of sample selection bias that affects
the estimator in section 4.1. The restriction j € J;; in (17) is satisfied when firm i optimally chooses
to maintain control over affiliate j at ¢. In a model with instantaneous exit, this period-t decision
for affiliate j depends on current performance ;;¢, itself a function of lagged innovation r;0;—1 and
rijt—1, lagged firm performance v;;;—1, and the performance shock 7;;;. Even if firm 7 determines
rijt—1 and r0;—1 before observing n;;;, the fact that the exit decision for j occurs after all three
of these variables are observed by the firm implies 7;;; is correlated with r;;;—1, 7i0i1—1 and ¥;j:—1
conditional on survival.3¢ Specifically, this correlation between nijt and both r;j; 1 and 70,1 would
be negative, placing a downward bias on NLS estimates of i, ftp, and fip (see Appendix A.4 for
details).37-38

5 Main Results

Estimates of our baseline model appear in Table 3.3° As a preliminary step, we first evaluate
the influence of innovation on affiliate performance in a specification that considers an affiliate as
responsive only to its own R&D investment (column 1). We find evidence that the performance
of an affiliate increases systematically in its own R&D investment and is also persistent, results
that qualitatively match recent estimates (Aw, Roberts and Xu 2011, Doraszelski and Jaumandreu
2013). In column 2, we add R&D performed by the U.S. parent of the affiliate, and find strong
support for its importance as a determinant of affiliate performance. In column 3, by contrast, we
find that the innovation investment of other foreign affiliates within the same firm has no significant
impact on affiliate performance, suggesting the strong centrality of parent innovation within the

firm network.?® In column 4, which includes the interaction between parent and affiliate R&D,

36By contrast, while exit decisions taken at ¢ are also a function of 1;;; in the baseline model with delayed exit,
this does not restrict the set of period-t observations used for estimation, as choices take effect in the subsequent
period. Thus, endogenous exit does not generate sample selection bias for the model in section 2.

37Theoretically, one may correct this bias following the procedure in Olley and Pakes (1996). In our context,
implementing this would require nonparametrically projecting the exit indicator for each firm-i affiliate j at ¢ on the
full firm-7 state matrix S;;. This projection is infeasible due to the high dimensionality of S;;.

38 A distinct form of sample selection bias would arise if the multinational firm were to exit. While exit of multi-
national firms is minimal in our data, it is also important to observe that idiosyncratic affiliate-specific shocks are
unlikely to determine the exit decisions of the overall multinational firm; as a result, this consideration is unlikely to
be an important source of selection bias in our estimates.

39Estimation details appear in Appendix A.9.

4OWhen interpreting these results, it is important to observe that our sample includes only manufacturing affiliates,
and thus excludes foreign sites devoted purely to innovation. The innovation output of such sites could thus have an
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we find evidence that relatively innovative affiliates also receive correspondingly higher gains from
parent innovation.

The estimates in columns 2 and 4 reveal that the intrafirm impact of U.S. parent R&D invest-
ment on affiliate performance is economically significant. All else equal, the estimates in column
2 indicate that the elasticity of affiliate performance with respect to parent R&D investment p, is
approximately four times larger than the elasticity u, with respect to affiliate R&D spending. The
large estimated magnitude fi, is of interest from an innovation policy perspective, as it suggests
that the welfare effects of innovation stimulus incentives such as R&D tax credits may extend to
firm sites located abroad. Our estimates suggest that such policies, where effective at increasing
R&D investment by multinational parents (Rao 2016), increase affiliate performance abroad and
may thereby contribute to a spatial disconnect between the costs and gains of such policies. From
the perspective of an affiliate host country, these estimates also quantify potential gains due to
local manufacturing and innovation activity by affiliates of foreign multinational firms.

Notice that the estimated differences between p, and p, in column 2 are nevertheless compatible
with an optimizing firm that equalizes the marginal net return to its parent and affiliate R&D
investments. The assumptions in section 2 imply that while the marginal gross return to R&D
investment by affiliate j increases in pi4, it decreases in the R&D volume R;j;—1; similarly, the
marginal gross return to R&D by the firm-i parent increases in p, and decreases in R;p;. Thus,
given that fi,, > i, in column 2, an optimizing firm facing similar marginal costs of R&D investment
across its sites would perform more U.S. parent R&D than affiliate R&D. Parents indeed perform
much higher R&D volumes than foreign affiliates in the data (section 3).*' In addition, comparing
the p, estimates in columns 1 and 2 also suggests an important consequence of failing to account
for parent innovation, as in column 1. Specifically, this omission leads to an overstatement—of
approximately 50 percent—in the performance impact of affiliates” own R&D, reflecting a positive
correlation across firms between parent and affiliate R&D investment.

The complementarity between parent and affiliate innovation that we find in column 4 implies
innovating affiliates benefit more from U.S. parent R&D than non-innovating affiliates: the impact
of parent R&D on non-innovating affiliates is just 60 percent as large as its average impact in
column 2. This result supports the view put forth in Cohen and Levinthal (1989), which proposes
that, beyond its potential for generating new production techniques, R&D enhances a firm’s ability
to assimilate and exploit existing information—information developed by the parent firm, in this
case. Our estimates shed new light on this theoretical possibility, and indicate that an affiliate’s
gain from parent technology is amplified by its own investment in R&D.

These results also contribute to our understanding of affiliate and parent roles within a multi-
national firm. Through the positive estimates of p, in columns 1-3 and the positive interaction
Hap in column 4, we find that affiliates’ contribution to proprietary technology development has

meaningful consequences for performance outcomes; this adds nuance to the standard view of the

impact on firm performance not reflected by our estimates.

“I'Notice, however, that our model does not impose equal innovation costs across sites; the R&D cost shifters Xijt
included in (10) thus also contribute to the distribution of optimal R&D spending across firm sites through differences
in sites’ fixed and variable R&D costs. See footnote 24 for additional details.

17



multinational firm (Helpman 1984, Markusen 1984), which considers affiliates as pure recipients,
rather than producers, of knowledge. Our results also provide a rationale for heterogeneous, yet
correlated, affiliate productivities within the multinational firm, as specified in Arkolakis et al
(2014). This standard view also emphasizes a range of firm-specific assets including not only R&D
investment, but also marketing and management, that are produced centrally and shared with
affiliates within the boundaries of the firm. Among these, our estimates reveal and quantify the
importance of parent R&D investment specifically. Given the prevalence of government innovation
policies aimed at stimulating private R&D investment at the country level, understanding how the
gains from this activity are distributed across countries is of interest from a policy perspective.
Our estimates indicate that parent innovation is central, significantly increasing foreign affiliate
performance within the firm. In what follows, we therefore emphasize specifications like columns 2
and 4 that include both own-affiliate and parent R&D spending.

The lower rows of Table 3 present the mean and standard deviation of the distribution, across
affiliates, of value added elasticities with respect to labor and capital. Our model predicts that
these elasticities 3 are strictly smaller than the corresponding output elasticities «, and are thus

compatible with approximately constant returns to scale.*?

6 Robustness and Alternative Specifications

We consider a number of alternative specifications to better establish the stability of our main

results, and to thereby shed light on the importance of the assumptions in our baseline model.

6.1 Intrafirm Technology Licensing

One interpretation of observed technology royalties and license fees flowing within the multinational
firm is that they are an exact proxy for otherwise unobserved technology transfer (Hines 1995,
Branstetter, Fisman, and Foley 2006). Under this interpretation, parent R&D should have no
effect on affiliate performance once we control for these observed technology royalties and license
fees. We can therefore use our estimating equation, extended to include royalty payments and
technology license fees, to evaluate the extent to which these capture technology transfer.
Corresponding estimates appear in Table 4, and indicate that the impact of parent R&D on
affiliate performance is positively correlated with royalties paid by affiliates to parents, consistent
with the view that these royalty payments and license fees capture meaningful intrafirm technology

links. Specifically, estimated coefficients on royalty payments in columns 1 and 2 are positive and

2As 0 > 1 and 0 < aum < 1, the parameters of the value added function 8 in (5) are always smaller in absolute
value than the corresponding production function parameters a. Notice that for an elasticity of substitution o
around 5 (e.g. Head and Mayer 2014) and a materials expenditure share in sales «,, around 0.65 (Doraszelski
and Jaumandreu 2013), the scale parameter ¢ defined in section 2.4 is approximately 1.6. From (2), the implied
average output elasticities are thus: a) 0.468:(1 — am) = 0.468 x 1.6 x (1 — 0.65) = 0.26 with respect to labor;
and b) 0.253 x 1.6 x (1 — 0.65) = 0.14 with respect to capital. Summing these with ., yields a coefficient near 1,
implying that our estimates are consistent with the average affiliate having a constant returns to scale production
function. Notice however that the translog production function implies that each affiliate may have a different labor
and capital elasticity in equilibrium. Our estimates indicate that the coefficient of variation for the labor elasticity is
approximately 0.12, and for the capital elasticity is approximately 0.2.
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statistically significant; in addition, coefficients on U.S. parent R&D investment fall relative to
the baseline estimates in Table 3, suggesting that these payments indeed reflect performance gains
resulting from the acquisition of technology developed by the U.S. parent. However, columns 3
and 4 of Table 4 indicate that R&D performed by the U.S. parent also impacts affiliates that do
not report paying royalties or license fees to their parent firm, particularly for innovating affiliates,

suggesting an effect of parent innovation not fully captured by royalty payments.

6.2 Alternative Performance Process

We assess the sensitivity of our estimates to several aspects of the affiliate performance process.
First, we assume in (9) that the direct impact of innovation investment on affiliate performance
occurs one year after the investment date. However, certain technology development projects may
require additional time before the impact on affiliate performance is realized. To explore this
possibility, we estimate variants of (9) in which r;;,—1 is replaced by either r;;,_o or r;j—3, similar
to Aw, Roberts, and Xu (2008). The resulting estimates appear in columns 1 through 4 of Table
5 and are quantitatively similar to those in Table 3. The main estimates are thus not sensitive to
this adjustment in the assumed timing of innovation impact.*?

Second, section 3 indicates that, while almost all U.S. parents perform R&D, only one quarter
of foreign affiliates do so. We therefore estimate an alternative model that relaxes the assumption
in (9) that all affiliates, even those choosing the corner solution of zero innovation spending, are
affected equally by the market-year factors accounted for by the performance process effects {fin, ;¢ }-
Specifically, we extend (9) to include separate market-year effects that correspond to innovating
affiliates: these additional controls interact market-year fixed effects with d;j;;—1, an affiliate-specific
indicator variable that is equal to one if firm i’s affiliate j performs R&D during ¢t — 1. These effects
allow for flexible differences in average performance growth between innovating and non-innovating
affiliates located within the same market and year.** The resulting estimates appear in columns 5
to 8 of Table 5. Relative to the baseline results in section 5, those in Table 5 are nearly identical
regarding the affiliate performance elasticity with respect to parent innovation. However, the
elasticity with respect to an affiliate’s own innovation p, is larger in Table 5 than our baseline
estimate. Moreover, a consequence of this increase in p, is that it is now similar in magnitude to
fp, the elasticity of affiliate performance with respect to parent R&D investment (column 6).

Third, the performance process in (9) imposes a strong Markov assumption: conditional on
current affiliate performance and R&D investments, expected future performance is independent
of its prior path. If this condition is not satisfied in the data, the error term in (16) will include
affiliate performance terms in periods prior to ¢ — 1; these may be correlated with the measures
of R&D investment included as covariates in (16). Specifically, serial correlation in affiliate R&D

implies omitting relevant lags of affiliate performance would cause upward bias in the estimates of

“3In part, this reflects persistence in affiliate-level innovation spending. Such persistence makes identifying the
precise lag with which innovation investments translate into productivity increases impossible. Consequently, in
section 7 we emphasize the long-run implications of our estimates, considering a steady state in which site-level
innovation investments are assumed to be constant over time.

44Tg obtain estimates that are independent of the scale with which R and R;j; are measured in the data, we
could further extend the model to include the interaction between d;;:—1 and parent R&D 7ip¢—1.
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Ha, tp and figp, reported in section 5. We evaluate the sensitivity of our baseline results to this
possibility by expanding (9) to include additional performance lags v;ji—2 and 1;j;—3; resulting
estimates appear in columns 1 through 4 of Table 6. While the coefficient on affiliate R&D weak-
ens, those on parent R&D and its interaction with affiliate R&D, p, and 4y, remain essentially
unchanged. Including these additional lags helps control for the possible presence of unobserved,
serially correlated determinants of performance (e.g. management) when these are endogenously
determined as a function of further performance lags. Thus, the observed invariance of our y, and
Hap estimates to including ;2 and ;;;—3 indicates that any parent innovation responsiveness to
unobserved idiosyncratic variables is likely to be small. The traditional endogeneity bias affecting
estimated productivity impacts of R&D in single-plant firm settings therefore seems unlikely to be
driving our estimates of the affiliate-level impact of parent R&D.

Finally, a multinational firm ¢ may experience shocks that simultaneously affect the performance
of all firm-¢ affiliate sites. Columns 5 and 6 of Table 6 provide estimates that allow performance
shocks 7;j; to be correlated across affiliates within the same multinational firm and year. The

results are qualitatively similar to those in columns 2 and 4 of Table 3.

6.3 Labor Measurement

As discussed in section 3, our baseline results in Table 3 measure labor inputs L;;; as the total
number of workers employed by affiliate j. However, because an innovating affiliate may devote
some workers to innovation, a more precise measure of L;j; would be the total number of production
workers. Information on the division of labor between innovation and production is available in
benchmark years 1989, 1994, 1999, and 2004. We use this information to compute an affiliate-
specific share of workers employed in innovation and apply it across all sample years to construct
a measure of production workers.*® Estimates using this alternative measure appear in columns 7

and 8 of Table 6, and are similar to the baseline results in Table 3.46

6.4 Heterogeneous Innovation Impact

While the results in section 5 evaluate a model with identical parameters governing affiliate pro-
duction, demand, and performance evolution across foreign affiliates of U.S. parent firms operating
in the computer industry, the impact of parent R&D on affiliate performance may differ system-
atically depending on the industrial proximity between an affiliate and its parent. Similarly, the
affiliate production function may depend on the output industry of the affiliate. Columns 1 and 2
in Table 7 thus restrict the sample to include only those affiliates operating within the computer
industry (SIC 357), the same sector as the U.S. parent, to assess the importance of this consid-
eration. The resulting estimates suggest that restricting the composition of affiliates in this way
significantly increases the complementarity between parent and affiliate innovation, but does not
affect the impact of parent R&D on the performance of affiliates not investing in R&D.

The computer industry has also evolved during our sample period. In particular, the prolif-

45The data unfortunately do not permit an analogous approach for capital inputs. See footnote 30 for dicussion.
46 Appendix A.3 contains additional details regarding the construction of our measure of production workers.
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eration of personal computers and other devices could imply that the degree of substitutability
between computer products available in 2008 could be higher than that in 1989. In Appendix A.5,
we show that such heterogeneity in the demand elasticity ¢ would imply that the performance ef-
fects of parent and affiliate R&D are heterogeneous. In columns 3 through 6 of Table 7, we therefore
reestimate the model parameters allowing the demand elasticity parameter ¢ to vary by year to
account for the possibility of such evolution. Following Appendix A.5, we obtain estimates that are
indeed consistent with ¢ increasing over time. To determine the importance of this for our results,
we compute the distribution of the affiliate performance elasticity with respect to R&D spending.
Comparing the estimates in columns 1 through 4 in Table 3 with the elasticity distributions implied
by the estimates in Table 7, we find that those computed under the homogeneous-o assumption

are near the averages elasticities in which o may vary by year.4”

6.5 Other Industries

Table 8 assesses the relevance of the results above for multinationals in other industries. Columns
1 through 8 in Panel A show that the essential patterns observed in Table 3 are upheld within
multinational firms in pharmaceutical drugs (SIC 283) and in the motor vehicles industry (SCI
371). One difference is that, in the motor vehicles sector, the coefficient on the interaction between
parent and affiliate R&D is not statistically distinguishable from zero. To determine whether our
results are sensitive to the industry definition, we reestimate the model parameters within each
of the three associated broader sectors: industrial machinery (SIC 35), chemicals (SIC 28), and
transportation equipment (SIC 37).4% Table 8 Panel B shows that the main qualitative results are

upheld, and are thus not sensitive to the degree of industry aggregation in the sample.

7 Quantitative Implications

In this section, we investigate implications of the estimates described in section 5. We quantify
the contribution of headquarters innovation to long-run affiliate performance, to the overall value
added earned by a multinational firm, and to the aggregate value added earned in countries hosting

affiliates. Throughout this section, we rely on the estimates reported in column 4 of Table 3.4°

7.1 Innovation and Affiliate Performance

The welfare gains from trade with multinational production hinge on multinationals’ productivity
distribution across the set of production locations (Arkolakis et al 2014). Our estimates imply that
this productivity distribution is influenced by parent and affiliate innovation, and the respective

impacts of these investments on each production site within the multinational firm.

4TTo characterize the distribution across years for each elasticity, one should multiply the corresponding estimate
in columns 3—6 of Table 7 by the quantiles of the distribution of t2; in the last column. For example, according to
column 3, the median elasticity of affiliate performance with respect to lagged affiliate R&D is 0.0021 x 2.84 = 0.0059,
the minimum is 0.0021 x 2.07 = 0.0043, and the maximum is 0.0021 x 3.72 = 0.0078. See Appendix A.5 for details.
48In the interest of space, we omit results for transportation equipment (SIC 37); these are available upon request.
19Gection 8 below evaluates the same set of implications using estimates that permit intrafirm parent-affiliate trade.
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To quantify the long-run impact of parent and affiliate innovation on affiliate performance,
we consider their effects on ;; = IE[limSHOO @Z}ijs‘rmt,nﬁ}, the expected long-run performance
of affiliate j within firm ¢; for simplicity, we consider the benchmark case in which we fix firm
i’s parent and affiliate-j innovation levels 7;0; and 7;;; at their respective period-t values for a
specified base year t. The long-run performance impact of eliminating the contribution of parent
innovation can then be evaluated by considering how this expectation responds to setting r;o; = 0.

Holding affiliate-j innovation fixed, this expectation becomes v;;,, = ]E[lims_>oo Yijs

0,r¢jt], and
the impact of removing the contribution of parent R&D is therefore Ajj.g = 9ijr, — 1[Jij.50 The
long-run performance impact of eliminating affiliate R&D may be expressed as the analogous A ...

Figure 1 plots the distributions of A;;,, and A;;,, across affiliates using data for the base year
t = 2004.51 At each percentile, it is apparent that Aijro < Ajjr;, indicating that long-run affiliate
performance is lowest in the absence of parent innovation.

These distributions reveal the economic significance of parent innovation for foreign affiliates,
reflecting not only the elasticities presented in Table 3, but also the underlying distributions of
innovation investment across parents and affiliates in the data. For the median affiliate, Figure
1 indicates that eliminating the impact of parent R&D would, all else equal, imply a substantial
reduction in its long-run performance (62.3 percent); the reduction due to eliminating the affiliate’s
own innovation is smaller by a factor of three (17.7 percent). While the relative impacts of removing
these two sources of performance gain differ across affiliates, parent innovation is always more
important. Specifically, Figure 1 reveals a decline in long-run affiliate performance of 80 to 90
percent for the quintile of affiliates most impacted by losing access to parent R&D. The analogous
decline due to eliminating affiliates’ own innovation is only 40 to 60 percent.??

The evident importance of parent innovation for the long-run performance of affiliates within
the same multinational firm sheds light on the quantitative importance of intangible input transfer
across firm sites. In particular, our results suggest that ownership theories emphasizing the intrafirm
transfer of technological inputs are relevant for explaining the existence of multinational firms, and
also provide a rationale for evidence indicating affiliates acquired by foreign multinationals are

faster growing than unaffiliated firms.??

7.2 The Headquarters Performance Advantage

Recent work including Tintelnot (2016) and Head and Mayer (2016) finds that parents are systemat-

ically more productive than foreign affiliates within the multinational firm. While this performance

59 Accounting for the impact of a change in parent innovation on optimal affiliate R&D would require fully specifying
the dynamic problem of firm ¢ in section 2.6 and solving the optimization in (11). As described in footnote 24, this
approach would pose a severe computational challenge, and would also require imposing a set of assumptions on firm
behavior that our analysis does not otherwise need.

51See Appendix A.10 for details. We replicate these calculations with the alternative base year ¢t = 1994 and find
similar results. Both 1994 and 2004 are among the BEA surveys that are the most comprehensive in coverage.

52If we instead base these computations on the estimates in columns 5 through 8 of Table 5, the conclusions resulting
from Figure 1 remain essentially unchanged. This is because, although the importance of affiliate innovation increases
relative to that of parent R&D, Figure 1 hinges on the distribution of parent and affiliate R&D spending in the data.

53For example, Arrow (1975), Teece (1982), Atalay, Hortacsu, and Syverson (2014); Arnold and Javorcik (2009),
Guadalupe, Kuzmina, and Thomas (2012), and Javorcik and Poelhekke (2016).
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advantage likely reflects a range of determinants, the framework in section 2 may be combined
with our estimates to quantify the specific contribution of innovation investment to the measured
parent-affiliate performance gap observed within firms in the data.

We measure this intrafirm performance gap by comparing the expected long-run performance
of each parent firm in the sample with that of its foreign affiliates. This requires first estimating
the determinants of parent performance evolution; we proceed by assuming parents face demand
and production functions similar to (1) through (4), but governed by distinct parameter values o

and a. We also assume parent performance evolves according to a version of (8) with

Ei—1[viot) = pothiot—1 + HoTiot—1 + Ha0Ti—0t—1 + Hniot (18)

instead of (9), where pg is the persistence of parent performance, y is the impact of parent R&D,
and g0 is the impact of r;_g:—1, the log sum of R&D investment across firm-¢ affiliate sites. NLS
estimates of pg, po, and pqo appear in Table A.3. These suggest parent innovation is an important
determinant of its own performance, while R&D performed by its foreign affiliates is not.%*

The relative long-run performance difference v;; — ;0 between the parent of firm 7 and its
affiliate j depends, in the model, on the respective sequences of market-year specific performance
shocks affecting these two sites, {iin,gs,s € [t,00)} and {un,s,s € [t,00)}. Given the data de-
scribed in section 3, these unobserved effects cannot be separately identified from the market-year
unobserved terms {kn,;ys,s € [t,00)} and {kn, s, s € [t,00)} in the parent and affiliate value added
functions. We therefore focus here on the parent-affiliate performance gap due exclusively to the
differential impact of parent and affiliate innovation. Appendix A.11 shows how this may be evalu-
ated using affiliate-level estimates from section 5, parent-level estimates from Table A.3, and data
for a base year t. Figure 2 shows the resulting distribution of the difference 1;; — ;o for the base
year t = 2004. The average affiliate reaches a long-run performance level that is only 51 percent
as high as its U.S. parent, and within the sample, all affiliates exhibit lower long-run performance
levels due to innovation than their respective parents.®® Our estimates thus indicate that multi-
nationals’ endogenous decisions regarding site-specific innovation are able to explain a substantial

performance advantage for parents relative to affiliates within multinational firms.

7.3 Innovation Policy

The U.S. Congress distributes over $30 billion in innovation subsidies to private U.S. firms annu-

ally, to offset costs of R&D investment performed in the United States (National Science Board

54Table A.3 also explores the possibility that the impact of affiliate R&D on parent performance depends on the
affiliate industry. Considering separately the impact of R&D by affiliates producing in the same 3-digit industry as
the parent yields an estimate that remains statistically insignificant.

5To build intuition, consider a simpler setting with g, = pap = 0. Comparing the estimates in Tables 3 and
A.3, note that the short-run elasticity p, of affiliate performance with respect to parent R&D is larger than the
corresponding elasticity po of parent performance. However, the higher persistence of parent performance (po > p)
implies the opposite is true in the long-run: the elasticity of long-run parent performance with respect to parent
R&D is fio/(1 — po) = 0.0106/(1 — 0.918) = 1.29, while that of affiliates’ long-run performance is only fi,/(1 — p) =
0.0164/(1 — 0.772) = 0.72. Thus, if parent R&D were the only determinant of performance, parents would be 75
percent more productive than their affiliates in the long run. The difference between this number and the distribution
in Figure 2 reveals the influence of affiliate innovation on the performance gap.
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2014). Because large corporations including U.S.-based multinationals claim the majority of these
subsidies, their impact on aggregate R&D hinges on the responsiveness of U.S. parent innovation
spending to changes in innovation costs. The U.S. parent innovation response to a subsidy depends
on the multinational firm-wide return to parent R&D investment. We quantify the share of this
firm-wide R&D return that accrues to foreign affiliates, given our estimates and underlying data,
and find that it is substantial; this suggests that failing to account for the impact of parent inno-
vation on foreign affiliates not only understates the firm-wide return to parent innovation, but also
distorts the predicted efficacy of U.S. innovation policy.

Provided that parents of multinational firms determine innovation investment optimally, and

that firm-i parent R&D R;q; is positive, it must satisfy

oV (Si) 92 oot B [Zjejis 0"V AL, _ 9C (Rios, Xior) _ (19)
ORiot OR;o; OR;o¢ -

= GRiot = MCiot

where GR;g; is the gross firm-i return to parent R&D and M Cjg; is its marginal cost; as defined
it
added of firm ¢’s affiliate j, and C,(Riot, X},) is the parent R&D cost function, itself a function

in section 2, V(+) is the firm-i value function, S;; is the firm-i state vector, V A}, is the true value
of R;o: and the firm-i¢ parent R&D cost shock X€0t-56 Optimal firm-¢ parent R&D spending thus
depends on the shape of the gross return function GR;g:; moreover, firms for which the function
GRjo is larger at any given level of parent R&D will optimally choose higher levels of parent
innovation investment, all else equal. The model in section 2 and the estimates in section 5 imply
that, at any given level of parent R&D, G R,y is increasing in: a) the number and total value added
of firm-i affiliates at ¢, b) the R&D expenditure of firm-i foreign affiliates at ¢, c¢) expected growth
at ¢ in the variables in a) and b). We quantify the combined contributions of a) and b) to the gross
firm-i return to parent R&D, assuming for simplicity that firm ¢ expects the number of affiliates,

affiliate value added, and R&D spending to remain stable at period-t levels.?” In this case,

GRis = OE[Yi0r+1]/0rior V Ay n Z OB [Yije1]/0rior V Aij (20)
1—=po Rioy i I—0p Rio
J#0

where the first term captures the return to firm-i parent innovation that is realized by the parent,
the second term captures the return realized by its foreign affiliates, and where according to (18)
and (9), OE[viot+1]/0rior = po and OE¢[iji41]/0rior = tbp + HapTije-

The distribution of GR;y: across firms appears in Figure 3 for the base year ¢ = 2004. The

average firm-wide gross return is 2.1 dollars and the median is 0.50 dollars.”® The share of the

56Parent R&D is almost always positive in our estimation sample (see section 3). As in Doraszelski and Jaumandreu
(2013), the function C(-) accounts for the possibility that R;o: may not capture all costs associated with R&D activity.
This is consistent with the data, as our measure of R&D spending excludes capital innovation costs.

5"Detailed derivations appear in Appendix A.12.

5¥Notice that we have not imposed the equality in (19) when computing the estimates in section 5, yet the estimates
in section 5 indicate that the gross long-run return is in the vicinity of one for most firms. This implies that the
effective marginal cost of investing one additional dollar in R&D is also near one for most firms.
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gross return to firm-i parent innovation that is realized among its foreign affiliates is

Ap=1-— (1 ﬁopo‘g(im/GRiOt)’

and the distribution of A;; appears in Figure 4 for the base year ¢t = 2004. The average value of A;;
across firms is 27 percent, implying that the gross private return to parent R&D investment exceeds
the parent-level return by approximately 37 percent for the average firm, and that estimates of the
innovation return based only on firms’ domestic data are therefore understated substantially.

We find that the affiliate share in firm value added varies less across multinational firms than
the affiliate share in value added gains from parent R&D Aj; the latter also exceeds the former in
the majority of firms.?® The distinction between these distributions reflects, in part, the influence
of affiliate R&D investment, which amplifies value added gains from parent R&D.5°

The importance of affiliates in the firm-wide return to parent innovation implies, through (19),
that multinationals with more extensive affiliate operations optimally choose higher levels of parent
R&D investment, as do firms with more innovative affiliates. This has implications for the respon-
siveness of parent innovation to U.S. R&D policy incentives. For example, U.S. R&D tax credits
that subsidize U.S. innovation by private firms, captured by the model in section 2 through the par-
ent R&D cost shifter xJ,,, impact optimal firm-¢ parent R&D to an extent that hinges on the gross
return function (20), and thus on the foreign affiliate presence of the firm.%! Specifically, the impact
of a policy change in xJ,, on optimal parent innovation by firm i is increasing in G R;ot/ORjot, the
derivative of the gross return with respect to parent R&D. Because this derivative itself reflects the
influence of parent innovation on affiliate sites abroad, through p, and ), responsiveness to U.S.
innovation policy depends on firms’ affiliate presence in markets abroad.

The multi-country nature of the gross return function also reinforces the spatial disconnect
between the location of innovation financed by subsidies that affect x7};, and the location of inno-
vation returns that enter GR;o;. While this disconnect is internalized by firm ¢ in our model, it
is likely not internalized by U.S. policy makers determining the generosity of innovation subsidies,

and could thus result in the underprovision of innovation subsidies.%?

7.4 U.S. Parent Innovation and GDP Growth Abroad

The affiliate-level estimates in section 5 indicate that parent innovation, through its positive im-

pact on affiliate performance, raises the value added earned by foreign affiliates within the same

59The affiliate share in total firm value added is A% = Zjejim#o VAL (VAo + ZjEJit,j#O VAZ).

50Tntuitively, note that our model implies the distributions of A;; and AY® coincide if parent and affiliate performance
are equally persistent (po = p), and share the same elasticity with respect to parent R&D (up = 10, ttap = 0). In our
estimates, these restrictions are not upheld, and it is thus not surprising that the distributions are distinct.

5Specifically, totally differentiating (19) with respect to x%, and noting that dGRio:/Ox 5 = 0 yields

dRiot 8Mci0t/<aGRiOt B 3MC’¢0t>
dXiot IXGor .

21
ORiot ORiot 1)
Second order conditions imply that the denominator in (21) is negative. Any policy change negatively impacting the
marginal cost of R&D will thus have a positive impact on optimal R&D spending. Therefore, the model in section 2
is consistent with U.S. R&D subsidies increasing R&D by parents, as found in Table A.2 (Appendix A.15).

52Gee footnote 3.
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multinational firm. An implication of this is that aggregate U.S. parent R&D investment raises
total value added (or gross domestic product, GDP) in countries that host affiliates of U.S. firms.

To quantify the contribution of U.S. parent R&D to foreign countries’” GDP, we consider the
short-run impact of a policy change that prevents U.S. firm affiliates from receiving the intrafirm
benefit of parent innovation.%3 Specifically, consider the period-t + 1 implications of such a policy
implemented at ¢, holding fixed all other characteristics of parents, affiliates, and domestic firms.%*

We evaluate this impact using data for ¢ = 2004. The results indicate that the aggregate value
added earned by U.S. firm affiliates in ¢ + 1 = 2005 falls by 18 percent for the average foreign
country.%® For the average country hosting U.S. firm affiliates, this decline is equal to 1.3 percent
of its realized GDP in the computer industry. This impact is heterogeneous across countries and
is increasing in the number and size of affiliates present and in affiliates’” R&D investment; these
correlate in the data with proximity to the United States, skill abundance, and the quality of
intellectual property protection. For example, we find that GDP in the computer industry would
decline in countries near the United States including Canada, by 7.47 percent, and Mexico, by 1.61
percent. The impact is also more pronounced for countries with a computer industry dominated

by U.S. affiliates, including Finland (10.85 percent decline) and Spain (2.04 percent decline).

8 Intrafirm Trade

The model in section 2 considers horizontal multinational firms that do not engage in intrafirm input
trade, consistent with Ramondo, Rappoport, and Ruhl (2016). However, even limited volumes of
intrafirm trade could channel proprietary technology from parents to foreign affiliates (Keller and
Yeaple, 2013; Irrazabal, Moxnes, and Opromolla, 2013). Imported inputs may also complement
R&D investment (Bgler, Moxnes, and Ulltveit-Moe, 2015). To distinguish between tangible and
intangible modes of technology transfer, and to assess possible complementarities between affiliates’
intrafirm imports and R&D investment, we extend the specification in (9) to account for the volume
of affiliate intrafirm imports from U.S. parents that is observed in the data.

For this extension of the model, we replace the affiliate performance process in (9) with

Ei—1[Yijt) = piji—1 + paTiji—1 + MpTiot—1 + HapTijt—17Ti0t—1 + HpmTiot—18Mijt—1

+ LapmTijt—1Ti0t—19Mijt—1 + HmiMijt—1 + fn,t, (22)

where ¢mj;;;—1 is the log of imports received by firm i’s affiliate j from its U.S. parent at ¢ — 1.
Estimates appear in Table 9. Columns 1 and 2 show that parent and affiliate R&D remain significant

determinants of affiliate performance growth after controlling for affiliate imports from the parent.

53For a general-equilibrium evaluation of the theoretical mechanisms linking innovation, its responsiveness to in-
novation policy, and aggregate growth outcomes, see Atkeson and Burstein (2015).

54We consider the impact before a) affiliates adjust labor, capital investment, and innovation, b) domestic firms
in the affiliate host country adjust output, c) entry by either domestic firms or affiliates of non-U.S. multinationals
occurs in the affiliate host country. Assessing the total impact of such a policy would also require accounting for
possible spillover effects of resulting changes in U.S. affiliate performance on domestic plants (e.g. Javorcik 2004a),
which could occur through links with domestic input producers (Rodriguez-Clare 1996). See also Keller (2002).

65See Appendix A.13 for details.
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The impact of intrafirm imports on affiliate performance is also positive and significant. In addition,
the estimated impact of affiliate R&D is smaller in column 1 of Table 9 than in specifications that
do not control for im;j;—1 (column 2, Table 3), consistent with the fact in the data that affiliates
importing from their U.S. parent are also more likely to invest in R&D.

Columns 3 and 4 of Table 9 evaluate the hypothesis that parents share technology with af-
filiates by embedding it in physical goods. The positive and statistically significant estimate on
the interaction between parent R&D and imports in column 3 supports this view: affiliates that
import more from their parent benefit more on average from R&D performed by the parent. The
lack of statistical significance in the estimated coefficient on parent R&D in column 3 further sug-
gests technology is, to a certain extent, shared through tangible goods traded within the firm,
though column 4 indicates this is true only for affiliates that do not perform R&D. Specifically,
the estimated coefficient on the interaction between parent and affiliate R&D in column 4 indi-
cates innovating affiliates benefit from parent innovation, even in the absence of imported inputs;

intangible knowledge sharing may thus be particularly important for such affiliates.

8.1 Quantitative Implications

We replicate the quantitative investigation in section 7 using estimates that allow for intrafirm trade
(Table 9, column 4). To assess the impact of parent innovation on long-run affiliate performance, we
plot the distributions of Ajjr, Aijr;, and A;jim; across affiliates in the base year ¢t = 2004 in Figure
5. These again indicate that parent innovation is economically significant for firm affiliates: for the
median affiliate, eliminating the impact of parent R&D would imply a 57.8 percent reduction in its
long-run performance; analogous reductions due to eliminating the impact of parent imports and
affiliate R&D are comparatively modest at 11.8 percent and 7.8 percent, respectively. Headquarters
innovation is seven times as important as affiliate R&D and five times as important as imports from
the parent in determining its long-run performance for the median affiliate.

In this extended setting, it remains the case that the impact of parent innovation determines
a significant performance advantage for parents relative to affiliates within the multinational firm.
In addition, a substantial share of the gross return G R;p; to U.S. parent R&D is realized by foreign
affiliates: A;; is 23 percent on average, comparable to the magnitude found in the baseline model.
In summary, we find that adding imports to the analysis adds nuance, but does not substantially

change the quantitative importance of U.S. parent R&D for affiliate performance.

9 Misreporting

A multinational firm may attempt misreporting affiliate profits to minimize its worldwide tax
burden. To achieve this aim, a firm could misreport affiliate value added or affiliate R&D spending
in response to prevailing corporate tax rates faced by its affiliates.%6 If prevalent in the data, it
may bias the estimates in section 5 and affect the quantitative implications described in section 7.

Differences between actual and reported value added are accommodated by the model through

56See Hines and Rice (1994), Hines (1997), and Bernard, Jensen, and Schott (2006).

27



the term e;;; in (6). Provided that these differences are uncorrelated with affiliate labor and
capital input use, equation (15) is satisfied and the estimation procedure in section 4.1 will yield
consistent estimates even in the presence of misreporting. In this section, we assess the robustness
of our main results to patterns of value added misreporting that do not verify (7). Specifically,
we re-estimate the model using two subsamples. First, we exclude affiliates located in tax havens
(Gravelle 2015). All else equal, if misreporting of value added for tax purposes is present in our
data, the set of affiliates excluded from this first subsample will tend to overreport value added.
Second, we exclude affiliates importing a high share of inputs from their U.S. parent. All else equal,
if value added misreporting is present, the set of affiliates excluded from this second subsample will
tend to underreport their value added by overstating spending on inputs purchased within the firm
(transfer pricing). These two subsamples thus drop affiliates for which, all else equal, if misreporting
is present, the expected value of €;;; is positive (first subsample) or negative (second subsample).
The resulting estimates appear in columns 1 through 4 in Table 10 and are very similar to those
in Table 3, suggesting that value added misreporting is unlikely to explain our results.

Regarding R&D spending, the model in section 2 presumes actual and reported R&D expen-
ditures coincide. Suppose instead that these differ. In particular, suppose that r;;;_1 is reported
R&D spending, and that true R&D investment by affiliate j is r;*jt_l = Tji—1 — Tiji—1, Where ;1
captures the difference between actual and reported R&D spending. We define an analogous pair of
variables 17, _; and x;o;—1 corresponding to the parent. In this case, the error term in (16) becomes
a function of both x;;;—1 and x;p;—1. The mean independence condition in (17) will not hold if either
deviation (zjo¢—1 or x;j¢—1) is correlated with reported parent or affiliate R&D spending. Provided
the true R&D investment of each firm site is positively correlated with its reporting error, it can be
shown that such misreporting generates downward bias in estimates of jiq, pp, and pi, computed
using the procedure in section 4.1 (see Appendix A.15).57 To obtain consistent estimates in the
presence of misreporting, we re-estimate the model parameters replacing the estimator described
in section 4.1 with a Generalized Method of Moments (GMM) estimator that relies on two policy
instruments for identification.

Our first policy instrument aims to capture variation in affiliate R&D spending that is inde-
pendent of local incentives to misreport. To build such an instrument, we combine information
on U.S. parent innovation costs with measures of intellectual property rights in affiliate locations.
Specifically, for affiliate j of firm 4 at ¢, this instrument interacts the Hall-Jorgenson user cost of
R&D investment UCRD;; prevailing in the firm-i U.S. parent state with an index of intellectual
property rights IPR,, ;¢ in the affiliate host country at .58 The logic behind the interacted instru-
ment is that an increase in parent R&D costs is expected to result in an optimal reallocation of

R&D investment toward affiliates, particularly those in locations with strong patent rights. This is

57 A positive correlation between R&D spending and misreporting would likely arise, for example, in the presence
of R&D subsidies, as these incentivize actual R&D investment and also over-reporting.

58We obtain UCRD from Wilson (2009); this variable has a mean of 1.192 (standard deviation 0.0494) during the
sample period, and ranges from 1.035 to 1.338. IPR is from Ginarte and Park (1997) and Park (2008), has a mean
value of 2.726 (standard deviation 1.050) during the sample period, and ranges between 0.20 to 4.67. For details on
the construction of IPR, see Appendix A.3. This index is widely used; see, for example, Javorcik (2004b), McCalman
(2004), Branstetter, Fisman, and Foley (2006), Qian (2007), and Bilir (2014).
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consistent with the model described in section 2.6 provided that UCRD;; enters as a determinant of
the parent R&D cost shifter xj,, and IPR,,;; affects affiliate profits multiplicatively as in Grossman
and Lai (2004), in which case any impact of IPR,,,;+ on affiliate revenue would be captured by the
market-year effects rp,;; in (5). Estimates in Table A.2 align with this reasoning. The estimates
show that, a) the user cost of R&D in a U.S. state is negatively correlated with R&D spending
by U.S. parents located in that state, and b) is positively correlated with R&D spending by their
foreign affiliates to an extent increasing in local intellectual property rights. These patterns are
robust across specifications that include country-year and firm fixed effects (columns 2-3).

The validity of this instrument in the context of (16) is likely guaranteed by our inclusion of
country-industry-year fixed effects. Importantly, any unobserved host-country characteristic that
impacts firm incentives to misreport affiliate R&D (e.g. local tax rates) would not affect the validity
of our instrument even if it is correlated with the strength of intellectual property protection IPRy,, ;¢
across countries, as it would be controlled for by the set of country-sector-year fixed effects {7y,,¢}
included in (16). Notice this is true even if the impact of such an omitted variable on the incentives
to misreport varies across sectors. By contrast, our instrument would be invalid in the presence of
a host country characteristic that simultaneously a) affects affiliate incentives to misreport R&D,
b) is correlated with IPR,, ;¢ in the affiliate host country, and c) affects affiliates differentially to an
extent correlated with the user cost of R&D in the U.S. parent state.

Our second policy instrument is the measured local user cost of R&D, UCRD;;. There is a
strong negative correlation between U.S. parent R&D investment and UCRD;; in our sample, and
also substantial spatial variation in the allocation of parents and parent R&D spending across U.S.
states in the data (Zeile 2013). For our instrument to be valid, UCRD;; must also be uncorrelated
with the extent of parent R&D misreporting x;o;. The validity of UCRD;; thus requires a stronger
assumption than does the validity of UCRD;; x IPRnijt: the variable UCRD;; is a function of
local R&D subsidies, which may encourage R&D overreporting by parents. However, the resulting
correlation between UCRD,;; and x;0;—1 would cause downward bias in our estimates of the affiliate
performance elasticity with respect to parent R&D spending (see Appendix A.15 for details).

To summarize, if R&D misreporting is present, we would expect: a) NLS estimates of the
affiliate performance elasticity with respect to parent and affiliate R&D that are biased toward zero;
and b) using the policy instruments described above, asymptotically unbiased GMM estimates of
the affiliate performance elasticity with respect to affiliate R&D, and estimates of the elasticity
with respect to parent R&D that are either asymptotically unbiased or biased toward zero.

Corresponding estimates for affiliates appear in columns 5 through 8 of Table 10. Comparing
columns 5 and 6 with the analogous baseline estimates (Table 3, columns 2 and 4) reveals their
qualitative similarity, but also indicates that the latter magnitudes are conservative. This is con-
sistent with affiliates over-reporting innovation spending in countries with stronger misreporting
incentives. In line with the hypotheses above, differences between our baseline (Table 3, column
2) and GMM estimates (Table 10, column 1) are also larger for the coefficient on affiliate R&D g,
than for the coefficient on parent R&D ,. To address the bias that may arise if multinationals’
U.S. headquarters location decisions are endogenous, columns 7 and 8 in Table 10 include U.S. state

fixed effects. The resulting estimates are similar to those in columns 5 and 6; the positive coefficient
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on the interaction between parent and affiliate R&D is the only coefficient sensitive to including
these effects. GMM estimates for U.S. parents are included in Table A.3; the resulting estimate
of pop is larger than in the baseline specification, but retains its sign and significance. Taken to-
gether, our GMM estimates suggest that while misreporting may be present, the results regarding
the within-firm impact of parent innovation on affiliate performance are robust to addressing this

aspect of firm operations.

10 Conclusion

This paper examines the impact of parent innovation on affiliate performance in the multinational
firm. Using data on the global activity of U.S.-based multinationals, we document that the spatial
concentration of innovation is higher than that of production within these firms. We then estimate
the parameters of a dynamic innovation model and find evidence that U.S. parent R&D investment
systematically increases the performance of foreign affiliates within the same firm. These findings
are consistent with the idea that knowledge is shared across locations within firm boundaries (Arrow
1975, Teece 1982), and with recent results emphasizing the transfer of intangible inputs as a key
motive for plant integration (Atalay, Hortagsu, and Syverson 2014).

Our analysis considers the intrafirm impact of a specific form of intangible input—the propri-
etary knowledge resulting from parent R&D investment—about which we observe uniquely detailed
information in our data. From a policy perspective, the relevance of this input arises in part due to
the prevalence of location-specific policies that aim to simulate private innovation investment. Our
findings strongly suggest that such policies, where effective at increasing innovation by parents of
multinational firms, create gains in within-firm productivity that are realized abroad.

In this respect, our results speak to a stated concern of the U.S. Congress regarding the alloca-
tion of gains from U.S. innovation subsidies. While further work is needed to determine the impact
of aggregate U.S. R&D investment on welfare outcomes abroad, our results suggest a positive ef-
fect of U.S. innovation subsidies that is likely not internalized by policymakers. Adjusting the tax
treatment of multinational firms offers one potential remedy, but deeper international coordination
of innovation policy may be an effective alternative. In particular, building on the global patent
protection treaties of the last century, our estimates suggests that for industries dominated by off-
shoring and multinational production, further efficiency gains could result from the international

coordination of innovation subsidies.
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Table 1: Descriptive Statistics, R&D Allocation in the Multinational Firm

Firm-Year Level

Variable Mean Std. Dev.
Percentage of Firms with Positive Parent R&D Expenditure 92.5%

Percentage of Firms with Positive Affiliate R&D Expenditure 47.8%

Percentage of Affiliates per Firm with Positive R&D Expenditure 24.1% 34.7%
Affiliate Share in Total Firm R&D Expenditure 8.5% 19.4%
Affiliate Share in Total Firm Value Added 16.7% 51.8%
Affiliate Share in Total Firm Sales 28.8% 20.4%
Affiliate Share in Total Firm Employment 26.6% 22.6%

All variables are from the 1994 Bureau of Economic Analysis Benchmark Survey of U.S. Direct Investment Abroad;
the 1994 survey is unusually comprehensive in its coverage of U.S. multinational firms’ activity abroad. These
data are a cross section covering U.S.-based multinational firms operating in the Computers and Office Equipment
industry (SIC 357) including U.S. parent sites and foreign manufacturing affiliates.

Table 2: Summary Statistics, 1989-2008

Parent-Year Level Affiliate-Year Level
Variable Mean Std. Dev.  Mean Std. Dev.
Value Added (thousands $US) 1,140,000 3,090,000 158,000 442,000
Sales (thousands $US) 3,710,000 9,060,000 664,000 1,490,000
Value of Plant and Equipment (thousands $US) 666,000 2,170,000 121,000 372,000
R&D Expenditure (thousands $US) 300,000 856,000 7,660 35,100
Number of Workers 9,170 22,800 1,500 3,150
Share of R&D Workers 17.2% 11.6% 15.7% 19.8%
R&D Expenditure/Sales 7.5% 11.5% 1.1% 2.7%
Imports from Parent ($US) 81,900 262,000
Royalty Payments to Parent ($US) 42,100 222,000
Observations 536 536 4,194 4,194

Notes: All variables are from the Bureau of Economic Analysis Survey of U.S. Direct Investment Abroad. These panel
data span 1989-2008 and cover U.S.-based multinational firms operating in the Computers and Office Equipment industry
(SIC 357) including U.S. parent sites and foreign manufacturing affiliates.
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Table 3: Baseline Estimates

NLS
(1) (2) (3) (4)
Persistence 0.7915%  0.7721* 0.7722% 0.7681¢
(0.0095)  (0.0098)  (0.0098)  (0.0098)
Affiliate R&D 0.0064*  0.0042*  0.0043* -0.0272¢
(0.0013)  (0.0013)  (0.0014)  (0.0070)
Parent R&D 0.0164* 0.0166* 0.0103¢
(0.0022)  (0.0023)  (0.0026)
Other Affiliates’ R&D -0.0003
(0.0013)
Affiliate R&D x Parent R&D 0.0025%
(0.0005)
Labor Elasticity 0.4682 0.4682 0.4682 0.4682
(0.0646)  (0.0646)  (0.0646)  (0.0646)
Capital Elasticity 0.2526 0.2488 0.2487 0.2447
(0.0572)  (0.0536)  (0.0536)  (0.0517)
Observations 4,194 4,194 4,194 4,194

Notes: a denotes 1% significance, b denotes 5% significance, ¢ denotes 10% significance. All
columns report Nonlinear Least Squares estimates of the parameters in (9) and several vari-
ants thereof. All columns include market-year fixed effects. Standard errors are reported in
parenthesis. Persistence corresponds to estimates of p. Affiliate R&D, Parent R&D, Other
Affiliates’ R&D and Affiliate R&D X Parent R&D estimates capture the elasticity of period
t performance with respect to the period ¢ — 1 value of the corresponding covariate. Labor
Elasticity is the average value of 3; + B;;2l;;: + Birkij¢; Capital Elasticity is the average value
of Bi + Brr2kijt + Birlije. The standard deviation for each of these input elasticities appears
in parentheses below its mean. Measures of labor, capital, value added, and R&D expenditure
are from the Bureau of Economic Analysis Survey of U.S. Direct Investment Abroad.
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Table 4: Estimates with Affiliate Royalty Payments to U.S. Parent

(1) (2) (3) (4)
Persistence 0.7463%  0.7445* 0.7411* 0.7398%
(0.0101)  (0.0101)  (0.0102)  (0.0102)
Affiliate R&D 0.0027° -0.0203®  0.0024¢ -0.0173°
(0.0013)  (0.0060)  (0.0013)  (0.0073)
Parent R&D 0.0128%  0.0085%  0.0072*  0.0038
(0.0022)  (0.0025)  (0.0026)  (0.0029)
Affiliate R&D x Parent R&D 0.0018“ 0.0016“
(0.0005) (0.0006)
Parent Royalties 0.0112¢  0.0107* -0.0146* -0.0129¢
(0.0012)  (0.0012)  (0.0062)  (0.0064)
Parent R&D x Parent Royalties 0.0020*  0.0019¢
(0.0005)  (0.0005)
Affiliate R&D x Parent R&D x Parent Royalties -0.0000
(0.0000)
Labor Elasticity 0.4682 0.4682 0.4682 0.4682
(0.0646)  (0.0646)  (0.0646)  (0.0646)
Capital Elasticity 0.2370 0.2350 0.2345 0.2295
(0.0499)  (0.0488)  (0.0487)  (0.0470)
Observations 4,194 4,194 4,194 4,194

Notes: a denotes 1% significance, b denotes 5% significance, ¢ denotes 10% significance. This table reports Nonlinear
Least Squares estimates corresponding to variants of equation (9) that incorporate observed affiliate royalties paid to
the U.S. parent (Parent Royalties) for the use of proprietary technology. All columns include market-year fixed effects.
Standard errors are reported in parenthesis. Persistence corresponds to estimates of p. Labor Elasticity is the average
value of B; + 811215+ + Birkije; Capital Elasticity is the average value of 8y + Birw2kij¢ + Birlij¢- The standard deviation
for each of these input elasticities appears in parentheses below its mean. All other estimates capture the elasticity of
period t performance with respect to the ¢ — 1 value of the corresponding covariate. Measures of labor, capital, value
added, R&D expenditure, and affiliate royalty payments to the parent are from the Bureau of Economic Analysis Survey

of U.S. Direct Investment Abroad.
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Table 8: Other Sectors

Panel A: Other 3-digit SIC Sectors

Drugs Motor Vehicles and
Motor Vehicle Equipment

(1) (2) (3) (4) (5) (6) (7) ®)

Persistence 0.7910% 0.7879* 0.7879% 0.7860% 0.6755% 0.6696% 0.6693% 0.6696%
(0.0072)  (0.0073) (0.0073) (0.0073) (0.0067) (0.0068) (0.0068) (0.0068)
Affiliate R&D 0.0112% 0.0108* 0.0107* -0.0029  0.0035% 0.0028* 0.0026% -0.0004
(0.0009)  (0.0009) (0.0009) (0.0064) (0.0008) (0.0008) (0.0008) (0.0038)
Parent R&D 0.0066% 0.0055* 0.0026“ 0.0087* 0.0078* 0.0081°
(0.0020)  (0.0023)  (0.0027) (0.0012)  (0.0014)  (0.0014)
Other Affiliates’ 0.0011 0.0012
R&D (0.0013) (0.0009)
Affiliate R&D 0.0010® 0.0003
x Parent R&D (0.0005) (0.0003)

Labor Elasticity ~ 0.4298  0.4298  0.4298  0.4298  0.5698  0.5698  0.5698  0.5698
(0.0453)  (0.0453) (0.0453) (0.0453) (0.0808) (0.0808) (0.0808) (0.0808)

Capital Elasticity 0.1782  0.1779  0.1779  0.1778  0.2129  0.2092  0.2093  0.2084
(0.0392) (0.0386) (0.0386) (0.0247) (0.0673) (0.0641) (0.0641) (0.0637)

Observations 7,285 7,285 7,285 7,285 9,953 9,953 9,953 9,953

Panel B: 2-digit SIC Sectors

Industrial and Commercial Chemicals and Allied
Machinery & Computer Equipment Products
(1) (2) (3) (4) (5) (6) (7) (8)

Persistence 0.71882 0.7120* 0.7106% 0.7113* 0.7469% 0.7436% 0.7427% 0.7372%
(0.0092) (0.0093) (0.0094) (0.0093) (0.0060) (0.0061) (0.0061) (0.0061)
Affiliate R&D 0.0049* 0.0049* 0.0048* -0.0053  0.0102% 0.0096* 0.0092% -0.0133%
(0.0011) (0.0011) (0.0011) (0.0045) (0.0007) (0.0007) (0.0007) (0.0031)
Parent R&D 0.0101* 0.0092* 0.0064“ 0.0040* 0.0021¢ -0.0005
(0.0019)  (0.0020)  (0.0024) (0.0010)  (0.0012)  (0.0012)

Other Affiliates’ 0.0013 0.0027*

R&D (0.0011) (0.0008)
Affiliate R&D 0.0009* 0.0019
x Parent R&D (0.0003) (0.0002)

Labor Elasticity ~— 0.5441  0.5441  0.5441  0.5441  0.4421  0.4421  0.4421  0.4421
(0.0779)  (0.0779) (0.0779) (0.0779) (0.0534) (0.0534) (0.0534) (0.0534)

Capital Elasticity 0.1729  0.1682  0.1688  0.1674  0.1611  0.1604 0.1604  0.1609
(0.0319)  (0.0283) (0.0283) (0.0279) (0.0306) (0.0301) (0.0298) (0.0293)

Observations 5016 5016 5016 5016 10,681 10,681 10,681 10,681

Notes: a denotes 1% significance, b denotes 5% significance, ¢ denotes 10% significance. All columns report Nonlinear
Least Squares estimates corresponding to (16) as specified in section 2 and several variants thereof for firms in
additional industries. In Panel A, columns (1) to (4) report estimates for affiliates whose parent is in SIC 283, and
columns (5) to (8) report estimates for affiliates whose parent is in SIC 371. In Panel B, columns (1) to (4) report
estimates for affiliates whose parent is in SIC 35, and columns (5) to (8) report estimates for affiliates whose parent is
in SIC 28. Persistence corresponds to estimates of p. Affiliate R&D, Parent R&D, Other Affiliates’ R&D and Affiliate
R&D X Parent R&D estimates capture the elasticity of period ¢ performance with respect to the period ¢t — 1 value
of the corresponding covariate. Labor Elasticity is the average value of 8; + 81;2l;;¢ + Birkiji; Capital Elasticity is
the average value of By + Brr2kijt + Birlije. The standard deviation for each of these input elasticities appears in
parentheses below its mean. Measures of labor, capital, value added, and R&D expenditure are from the Bureau of
Economic Analysis Survey of U.S. Direct Investment Abroad.
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Table 9: Estimates with Affiliate Imports from U.S. Parent

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

Persistence 0.7601*  0.7568*  0.7532%  0.7520°
(0.0099)  (0.0099)  (0.0099)  (0.0099)

Affiliate R&D 0.0029° -0.0248*  0.0026° -0.0146¢
(0.0013)  (0.0070)  (0.0013)  (0.0077)

Parent R&D 0.0122*  0.0070*  0.0020 0.0009
(0.0023)  (0.0026)  (0.0030)  (0.0033)

Affiliate R&D x Parent R&D 0.0022¢ 0.0013¢
(0.0005) (0.0007)

Parent Imports 0.0085%  0.0082* -0.0185* -0.0140¢
(0.0012)  (0.0012)  (0.0055)  (0.0057)

Parent R&D x Parent Imports 0.0022%  0.0018%
(0.0004)  (0.0005)

Affiliate R&D x Parent R&D x Parent Imports 0.0000
(0.0000)
Labor Elasticity 0.4682 0.4682 0.4682 0.4682
(0.0646)  (0.0646)  (0.0646)  (0.0646)
Capital Elasticity 0.2393 0.2360 0.2300 0.2290

(0.0513)  (0.0498)  (0.0482)  (0.0475)

Observations 4,168 4,168 4,168 4,168

Notes: a denotes 1% significance, b denotes 5% significance, ¢ denotes 10% significance. This table reports Nonlinear
Least Squares estimates of (22) and several variants, incorporating observed affiliate imports from the U.S. parent
(Parent Imports). All columns include market-year fixed effects. Standard errors are reported in parenthesis. Persistence
corresponds to estimates of p. Labor Elasticity is the average value of f; + 81,215+ + Bixkij¢; Capital Elasticity is the
average value of By + Bxx2kijt +Birlij¢. The standard deviation for each of these input elasticities appears in parentheses
below its mean. All other estimates capture the elasticity of period ¢ performance with respect to the ¢t — 1 value of
the corresponding covariate. Measures of labor, capital, value added, R&D expenditure, and affiliate imports from the
parent are from the Bureau of Economic Analysis Survey of U.S. Direct Investment Abroad.
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Figure 1: Determinants of Long-Run Affiliate Performance Distribution
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Notes: For each percentile indicated on the horizontal axis, the height of the solid line is the long-run
affiliate performance without parent R&D relative to the long-run affiliate performance level in our
benchmark specification; and the height of the dotted line with circles indicates long-run affiliate
performance without affiliate R&D relative to the benchmark specification.

Figure 2: Distribution of Affiliate Performance Relative to Firm Parent
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Notes: For each percentile indicated on the horizontal axis, the height of the solid line is the expected
long-run affiliate performance due to affiliate and parent R&D spending and affiliate imports from
the parent relative to the expected long-run parent performance due to parent R&D spending.
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Figure 3: Distribution of Gross Return to Parent R&D
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Notes: For each percentile indicated on the horizontal axis, the height of the solid line is the long-run
gross return to the investment in R&D performed by U.S. parents in the year 2004.

Figure 4: Affiliate Share of Gross Return to Parent R&D

o
[{e]
T

0.7

0.5

03}

Affiliate Share of Gross Return to Parent R&D

1 I}
0 10 20 30 40 50 60 70 80 90 100
Percentiles

0 1 I I
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can be attributed to affiliates.
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Figure 5: Determinants of Long-Run Affiliate Performance Distribution Accounting for Intrafirm Trade
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run affiliate performance without parent R&D relative to the long-run affiliate performance level in
our benchmark specification; the height of the dashed line marked with asterisks indicates long-run
affiliate performance without parent imports relative to the benchmark specification; and the height
of the dotted line with circles indicates long-run affiliate performance without affiliate R&D relative
to the benchmark specification.
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Appendix (For Online Publication)

A.1 Value Added Function

This section includes a detailed derivation of (5). Assume firm ¢ determines the optimal quantity of material
inputs used for production by affiliate j in period ¢ by maximizing the static profits in (12) with respect
to M;j;. Combining the definition of value added (revenue less expenditure on materials) with the demand

function in (1), this maximization problem may be expressed as follows

MNij

max{Yyj, — P Mije} = max{ PyjiQije — Pyl Mije}
ijt

ijt
- o=\ o= _pm
= I]{}?i({Qn”tPn”t €xXp <§ijt T) Qijf, - Pnithijt}'
Given the production function in (2), the optimal level of material inputs M, satisfies the following condition

(&ije + wije)(o — 1)

(1—am)(e—1) am(e=1) 1

m am(o—1) }[H(KijtyLijt;a)] 7

1
_ z
Ppie = 5 nigtPnigt €xp [

ijt

Thus, assuming firms determine materials use optimally, the revenue function may be rewritten in logs as

am(oc—1) am(oc—1) am(oc—1)
= 1 ( )— m
Yijt o —am(c—1) . o o —am(o— l)p"”t
d +
Ufam(afl)pn“t Jfam(afl)qn”t

. (1—amp)(oc— l)h

o am(o = 1) (Kijt, Lije; o) +

_ (o= e
U—am(a—l)( z]t"’&yt)

or, more concisely, as Y;ji = Fn, ;¢ + t(1 — am)h(kije, lije; &) + ije, where

(c—-1)
o—amp(c—1)

am(o—1) o
f) - amPZijt + Pt + o1 st |

L=
Ryt = L [am In (
Yije = t(wije + Eijt)-
Because the translog function h(k;j¢, lij¢; &) is linear in o, we can also represent the revenue function as
Yijt = Rnyyt + R(Kije, Lije; B) + i,

where 8 = au(1l — auy).
Obtaining a similar expression for the value added function is straightforward. The first order condition

for materials is

P M;, (M)YW, (A.1)

’I’Lijt ijt = o

which implies that, conditional on M}, value added is related to revenue as follows

(1 _ w) Vi

g

VA;

ijt —
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Value added (in logs) may thus be concisely represented as in (5),

vaj;, = tinge + MKije, Lije; B) + Yije,

where

(0 — 1))

K”ﬂijt =In (1 — + Enijt.

A.2 Evolution of Performance: Details

Equations (8) and (9) describe the evolution over time of the performance index ;.

Yijt = pPiji—1 + PaTiji—1 + PpTiot—1 + PapTijt—1Tiot—1 + fn, e + Mijes (A.2)

As indicated in Section 2.4, this performance index is proportional to the sum of a productivity term w;;;
and a demand shifter &;;;: ;0 = t(wije + &iji). Here we discuss two alternative specifications of stochastic
processes for w;;¢ and &;;; such that their sum scaled by ¢ is equal to the autoregressive process of order one
in equation (A.2).

First, the stochastic process in equation (A.2) may be rationalized by both w;;; and §;; following

autoregressive processes of order one with identical persistence parameter equal to p:

Wijt = pWijt—1 + Mg Tijt—1 + oy Tiot—1 + HapTijt—1Tiot—1 + ,u(;;ijt + 05t ]Etfl[n;'ujt] =0, (A.3)

&iji = pliji—1 + H§Tiji—1 + HSTior—1 + pSpriji—1Tior—1 + Hi”t + Ufjt7 Et—l[nfjt] =0. (A.4)

Summing up these two equations and multiplying them by ¢, we obtain:

ijt = PWijt—1 T L\ g T Mg )Tijt—1 T LM Ky )Ti0t—1 T Ly Hap)Tijt—1Ti0t—1 T L\ My, ¢ T Hn, ot
ije = pije—s (g + pE)rige—s oy + g rio— + (i, + 1S,) o o )
+L(77$;'t+nfjt)a

which is identical to equation (A.2) as long as

fa = (il + 15)  pp = 0(is 1) prap = Ly + 15y)  Hnge = (s i) Tige = L0 405

It is important to note that the key restriction is that the autoregressive parameter is equal in equations
(A.3) and (A.4), the reason being that the sum of two AR(1) processes with different persistence parameters
is no longer an AR(1) but an ARMA(2,1). No restriction is imposed on the remaining parameters in these
two equations. For example, it could be the case that parent R&D does not affect affiliates’” demand level,
,ug = 0, and that, therefore, the estimated impact of parent R&D on affiliate performance is all entirely due
to the impact that it has on affiliates’ productivity, u, = cu.

Second, the stochastic process in equation (A.2) may be rationalized by either w;;; or &;;; following an
autoregressive process of order one with persistence parameter p and the other one having persistence equal
to zero. For example:

Wijt = pwijt—1 + Mg Tijt—1 + My Tiot—1 + MapTijt—1Ti0t—1 T Ky, ¢ + e Ei-1[nij:] =0, (A.5)
Eijt = Harigio1 + Hrior1 + PaTii o + H e+ 05 Eealnf] = 0. (A.6)
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A.3 Data and Measurement

Multinational activity: Confidential data on U.S. multinational firms and their activity abroad is provided
by the Bureau of Economic Analysis (BEA) through a sworn-status research arrangement. The data include
detailed financial and operating information for each foreign affiliate owned (at least a 10% share) by a U.S.
entity. In our estimation, we use information on the value added, labor (number of employees), capital (the
value of plant, property, and equipment, net of depreciation), research and development (R&D) spending,
R&D labor (number of R&D employees), and employee compensation corresponding, separately, to the U.S.
parent and each of its affiliates abroad. These variables were extracted from the BEA’s comprehensive data
files for each year, and then merged by parent and affiliate identification numbers to form a complete panel.
The dataset used in the estimation covers U.S. affiliates during 1989-2008.

The measure of parent and affiliate-level value added used in our analysis is constructed by the BEA. This
measure follows the definition in Mataloni and Goldberg (1994) from the factor-cost side, in which value added
is employee compensation (wages and salaries plus employee benefits), plus profit-type returns (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).

We measure affiliate-level capital as the value of plant, property, and equipment, net of depreciation
corresponding to the affiliate site. This value is reported directly to the BEA in benchmark years and in
each year immediately preceding a benchmark year. We therefore observe Kj;j; directly in 1989, 1993, 1994,
1998, 1999, 2003, and 2004. For all remaining years, we construct affiliate-level capital by combining K
values with observed investment in physical capital (plant, property, and equipment) using the perpetual
inventory method and a depreciation rate of 5.9 percent, the physical capital depreciation rate found for
U.S. manufacturing firms in Nadiri and Prucha (1996).

Research and development expenditures are reported directly and include 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. 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 patent work.

All estimates in sections 5 and 6 arise from specifications that control for country-year fixed effects, but
we nevertheless convert all variables originally expressed U.S. dollar nominal values to 2004 real terms using
correction factors available from the U.S. Bureau of Labor Statistics.

We estimate model parameters separately by industry. The baseline estimates presented in section 5
correspond to multinational firms in the computer and office equipment industry (SIC 357). We define
the industry of each multinational corporation based on the 3-digit SIC sector of its U.S. parent; i.e. for
a parent that reports sales in a given 3-digit SIC sector, we extract all available observations for it and
each of its manufacturing affiliates abroad during 1989-2008. Non-manufacturing affiliates, including those
primarily operating in retail, finance, insurance, and agriculture are thus excluded. We also report estimates
using a separate panel that employs a more restrictive industry definition whereby affiliates are included
only if they, too, report sales in the same 3-digit SIC sector as its parent. Results for the computer and

office equipment industry (SIC 357) based on this narrower definition of industry are described in section
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6. Section 6 also reports results for two other three-digit SIC industries and the corresponding broader
two-digit SIC industries: motor vehicles and motor vehicle equipment (SIC 371), pharmaceutical drugs (SIC
283), industrial and commercial machinery (SIC 35), transportation equipment (SIC 37), and chemicals (SIC
28), which are the three largest manufacturing industries based on the number of U.S. firm affiliates abroad
(U.S. BEA 2008),5?

The data are cleaned prior to estimation. Observations are excluded if a) values are carried over or
imputed based on previous survey responses; b) the affiliate is exempt from reporting R&D expenditures.
Regarding b), the BEA requires only majority-owned and relatively large foreign affiliates of U.S. parent
firms to report R&D expenditures. The reporting threshold differs depending on the year, ranging between
$3 million in 1989 and 1994 to $50 million in 1999; thresholds in nominal terms were $15 million in the
period 1990-1993, $25 million in 2004, $20 million in 1995-1998, $30 million in 2000-2003, and $40 million
in 2005-2008. We impose year-specific cutoffs to build the dataset used in the baseline estimation.

Table A.1: Descriptive Statistics, R&D Allocation in the Multinational Firm: Additional Industries

SIC 28 SIC 35 SIC 37

Number of Affiliates per Firm with Positive R&D, Mean 5.07 2.11 2.85
Number of Affiliates per Firm, Mean 15.85 8.62 11.29
Affiliate Share in Total Firm R&D Expenditure, Aggregate  0.17 0.11 0.10
Affiliate Share in Total Firm Sales, Aggregate 0.42 0.41 0.36
Affiliate Share in Total Firm Employment, Aggregate 0.40 0.35 0.35

Notes: All variables are from the 1994 Bureau of Economic Analysis Benchmark Survey of U.S. Direct
Investment Abroad; the 1994 survey is unusually comprehensive in its coverage of U.S. multinational firms’
activity abroad. These data are a cross section covering U.S.-based firms operating in Chemicals (SIC 28),
Industrial Machinery (SIC 35), and Transportation Equipment (SIC 37).

R&D user costs: The user cost of R&D investment is from Wilson (2009). Wilson (2009) constructs the
state-specific user cost of R&D by extending the neoclassical Hall-Jorgenson formula for the cost of capital
(Hall and Jorgenson 1967) to incorporate state and federal corporate taxes and R&D subsidies. Wilson
(2009) provides this index for all 50 U.S. states and the District of Columbia annually during 1981-2006.

The exact formula for state-i user cost of R&D is

1-— S(k’it + kft) — Z(Tit + Tft)
L — (7t + 75t)

[Tt + 6]7

where t indexes time, f indexes federal-level variables, r is the real interest rate, d is the R&D capital de-
preciation rate, 7 is the effective corporate income tax rate, k is the effective R&D tax credit rate, s is the
share of R&D expenditures that qualify for R&D subsidies, and z is the present discounted value of tax de-

preciation allowances. Further details regarding the index and its construction are provided in Wilson (2009).

Patent rights index: The index of patent protection is published in Ginarte and Park (1997) and Park
(2008). The index is available for 122 countries between 1960 and 2005 at five-year intervals. It is con-
structed as the sum of five sub-indexes corresponding to 1) enforcement, 2) coverage, 3) provisions for
the loss of protection, 4) duration, and 5) membership in international intellectual property treaties. Each

sub-index ranges between zero and one. Further details are provided in the two aforementioned publications.

59During the sample period, the BEA data switches from using SIC to using NAICS-based parent-firm and foreign-
affiliate industry classifications. We apply the U.S. Census Bureau concordance to match NAICS-based observations
to each of the five SIC industries for which we estimate model parameters.
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Tax Havens: The identification of countries as tax havens is from Gravelle (2015). This list was prepared
by the U.S. Congressional Research Service and is similar to lists prepared by the Organization for Economic
Cooperation and Development (OECD) and the U.S. Government Accountability Office (GAO). The list of
countries classified as tax havens is: Andorra, Bahamas, Bahrain, Barbados, Bermuda, Costa Rica, Cyprus,
the Dominican Republic, Pacific Ocean French Islands, Indian Ocean French Islands, Gibraltar, Hong Kong,
Ireland, Jordan, Lebanon, Liechtenstein, Luxembourg, Macau, Maldives, Malta, Mauritius, Monaco, the
Netherlands, the Netherlands Antilles, Panama, the Seychelles, Switzerland, Singapore, and British Overseas

Territories.

A.4 Sample Selection Bias

Here, we discuss the impact of instantaneous entry and exit for the estimates resulting from the procedure
described in section 4.1. As described in section 4, a necessary condition for consistency of the estimation
procedure is that the data-generating process verifies the mean independence restriction in (17). In order to
study the effect that the assumed instantaneous entry and exit have on the validity of this mean-independence
condition, we proceed by first rewriting its conditioning set in terms of an equivalent set of covariates. From

(6) and the definition of va;;¢—1 as

@z‘jt—l = VQijt—1 — Bllijt—l - Blllizjt_l - Blklijt—lkijt—l - éijt—la
we can write

Yije—1 + Fngt = 00ije—1 — Pekije—1 — 5kkkfjt,1-

Plugging this equality into (16) we can thus rewrite the conditional expectation in (17) as

Enijelkije, Vijt—1,Tijt—1, Tiot—15 lnijts Kngst, J € Tit—1,7 € Tit] = 0. (A7)
Section 4.2 shows that, whether or not we assume that entry decisions are instantaneous, (A.7) implies

Enijelkije, Viji—1,Tiji—1, Tiot—1, Hnyjts Kngyt, J € Jit) = 0. (A.8)

If firm-i’s decision about affiliate j exit at period ¢ is instantaneous, then the variable 1{j € J;:} in the
conditioning set in (A.7) becomes a function of S;; and, from (10), implicitly a function of k;j;¢, kn,,¢, and
¥ij¢. Furthermore, from (8) and (9), we can rewrite ;5 as a function of it 1, Tij¢—1, Tiot—1, fn;;¢ and 1 .
Therefore, in sum, the variable 1{j € J;;} becomes a function of all the elements in the conditioning set in
(A.7).

According to the firm optimization problem described in section 2, one may conjecture that the optimal
solution for the decision by firm ¢ of having affiliate j incorporated at period t is characterized by a threshold
rule: there is a critical productivity level Em such that, if ¢;;; < @m, affiliate j is not integrated in

The threshold value @ijt will be a
function of all the elements of the state vector S;; other than ;;;. According to this conjecture, one may

rewrite (A.8) as

multinational ¢ at period ¢, and the opposite is true if v;;; > Eijt'

Emijelkijes Vijt—1, Tijt—1, Tiot—15 Bngsts Bnst Vije = Pije) = 0. (A.9)

By (8)

, Mij¢ is mean independent of all the elements in S;;_;. Therefore, conditional on the selection rule
Yije > @ijt, nij¢ is independent of Y1, Tije—1, Tiot—1, Vn,;e- Also, kijy is exclusively a function of the
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state vector in period ¢ — 1 and before. Therefore, conditional on the selection rule t;;; > iijt, Ni5¢ 1s also

independent of k;j;. Therefore, we can simplify (A.9) as
E[nije|$ije > ¥ije] = 0. (A.10)
From (8) and (9), we can further rewrite this expression as
Emijelpvije—1 + BaTiji—1 + BpTiot—1 + HapTije—1Ti0t—1 + fnst + Nije = Vije) = 0. (A.11)

Therefore, as long as p, fiq, ftp and [,y are all positive, the higher ¥;j._1, rij1—1 or ri0¢—1 are, the lower 1;;;
must be so that ;5 > z/?ijt. This shows that, if the participation decision affecting the set of affiliates of
firm 4 at period ¢ were instantaneous and thus taken after the state vector S;; is realized (instead of being
taken immediately after S;;_; is realized, as it is assumed in section 2.6), the estimates of p, (i, pp and pigp
obtained through the estimation procedure described in section 4.1 will be biased downward and will thus
underestimate both the persistence of firm performance as well as the impact of parent and affiliate R&D

on performance.

A.5 Heterogeneous Markups

One may decompose the scaling factor ¢ entering the definition of 3 and firm performance ;;; (see section

2.4) into a component that exclusively depends on «, and a component that combines «,,, and o as follows

) 1 amL—l
L= L1la, with 1= — and g = —%—, (A.12)

Qi 11— 2=t
We describe here a procedure to estimate the parameter vector of interest when the demand elasticity ¢ and,
therefore, the term to, varies by both market n and year t. We denote the market-year varying parameter o
as op,;¢, and similarly denote the market-year varying parameter 2 as ton, ;-

The procedure to estimate the parameters necessary to determine the short- and long-run impact of
affiliate and parent R&D investment on affiliates’ performance has three steps: (1) estimating ta,,;+ for every
market n and year ¢; (2) rewriting both the value added function and the stochastic process determining the
evolution of affiliates” performance as a function of data, the estimates {i2,,,¢}, and a vector of parameters

that do not vary by market or year; (3) estimating this vector of parameters.
Step 1: Estimating ton,;¢. Rearranging terms in (A.1), we obtain

ijt

* )
Yije

m . *x *
Unjjt -1 . Pnithzyt - Y;ljt V A

[07°% =
*
Onjt }/ijt

where V A7, is defined section 2.4 and Y}, denotes the actual revenue of affiliate j of firm ¢ in period ¢. Taking
into account the measurement error in value added, €;;:, and allowing also for an analogous multiplicative

measurement error affecting revenue, so that Y;;; = Y7’

v .
it €xp(e),), we write

V Aijr exp(—eije) Ot — 1

=1—«a
. _Y m
Y’Ut eXp( 6ijt) Ongjt

Taking logs, this becomes

Opit — 1
y _ nqjt
vt — Yt + (€15 — €ij¢) = In (1 - am>
t

Nij

93



or, equivalently,

Ongit — 1
Vaije — Yije = In (1 — > + (4t — €fj4)-
t

O-TL»;]'
Given the expression for 5 in equation (A.12), this may be expressed as

1

oY
i) e

vaijt — Yijt = In (

Using D,; to denote a dummy variable that takes the value 1 for market n and year ¢ (and is otherwise

zero), and assuming that both error terms have expectation zero, conditional on a market and year,

Eleijie D, ;1] = EleY),

Dn,;jt] = 03

we obtain a consistent estimator of ta,, ¢ for each nt pair using NLS and the following moment condition

1
E[(Uaijt — Yijt — ID(T“))DTHJ'I‘,} =0.
Uz

We denote this estimator Zop, -

Step 2: Value added function and evolution of firm performance conditional on igy,;¢. Making use of iz, ¢

and following the same steps as in section 2.4 we can rewrite the value added function in (6) as
Vaijt = Kt + ﬁ(lijtv Kijty ian,;t; B) + @'jt + €ijt (A.13)
where
h(lijes Kije, Lonits B) = Brionyselize + Bulzn,tlije + Briznythije + Bukion, ik + Buslongdlijekie,  (A.14)

B = a(l — ) and injt = t1lon,;;t(Wije +&ije). Similarly, following the same steps as in section 2.5, we can

write the modified firm performance v;;; as
bije = Boa [oge] + Tlige, (A.15)

where the expected period-t performance of affiliate j, conditional on the state vector of its multinational

firmiatt¢t—1,1is
E;_1[tije) = Plan,;tVijt—1 + falon,jtTijt—1 + fAplon,;tTiot—1 + Haplan, ¢Tijt—1Ti0t—1 + fin,t- (A.16)
Step 3: Estimating (B, p, fia, fip, flap, {Ani,;¢}). Combining equations (A.13), (A.15), and (A.16), we obtain

Vit = E(Zijta kijtu Zznijt;é) + ﬁ(Uaijtfl - B(lijtfl, kijtflv 52nijt71;5))

+ falon,;tTijt—1 + fplan,tTiot—1 + HaplonjtTijt—17i0t—1 + Yn,;t + Uijt, (A.17)

where the error term is wij: = 7ij¢ + €ij¢ — peije—1, and Yn, ;¢ = fing¢ + Fngt — Phinge—1. Given (A.17),
we can follow analogous steps to those described in section 4.1 in order to obtain consistent estimates of

(/67 ﬁa ﬂav p';m ,aapa {:Ym-jt})-
Notice that we can use the estimates of the parameter vector (3, 7, fia, fips fraps {Vni;t}), those of {ian, ¢}
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and (A.16) to compute the elasticity of 1/~%'jt with respect to 7;;1—1 as
fial2n, ;¢ + Hapizn,,tTiot—1,
and the elasticity of &iﬁ with respect to r;0;_1 as
fj’pZQn,-jt + ,ﬁapZQn,-jtrijt—l-

In summary, the estimation approach described here allows us to use affiliate-level data on sales revenue
and value added in a way that permits all parameters to vary by market and year. Specifically, it estimates
first the component of these parameters that depends on the elasticity of demand and that, therefore,
might vary across markets and years: {iz,,;¢}. Given these terms, it then follows a procedure very similar
to that described in section 4.1 to estimate the components of the parameters determining the elasticity
of output with respect to labor and capital and of performance with respect to lagged performance and
R&D investment, which do not vary across market and years. The limited number of observations for each
market-year pair in the data prevent estimating a more flexible model in which (3, ftq, ftp, ttap) Mmay vary
across market and years in a way that is not constrained by the multiplicative terms {iz,,,¢}. We implement
the procedures described here and report resulting estimates for the case in which ¢ may vary by year in

section 6.

A.6 Variable Markups

Here we discuss alternative estimation approaches that differ from that in section 4.1 in that they yield con-
sistent estimates of the parameter vector of interest without having to rely on the assumption of monopolistic
competition. Specifically, we discuss three alternative estimation approaches. Given data availability, in all
these three cases, relaxing the assumption of monopolistic competition will require restricting the production
function defined in (2), (3), and (4). The first approach assumes away materials in (2) by assuming that
am = 0. The second approach additionally assumes that the value added function is Cobb-Douglas in labor
and capital; i.e. oy = agr = aip = 0. The third approach maintains the production function in (2), (3),
and (4) but changes the definition of the variable M;;; and interprets it as total expenditure on materials

by affiliate j of firm 4 in period t.

Alternative Estimation Approach 1. Assume the demand function is defined by (1) and the production
function is as described in (2) except for setting a,, = 0. In this case, the revenue function is identical to

the value added function and may be expressed in logs as
Yijt = Kng;e + Wlije, kije; B) + Yige + €ijt, (A.18)
where iy, ;¢ = (1/0)Gn,;t + Pnyjeo B = o, Yije = t(wije + &ije) and o = (0 — 1)/0.7 Combining this equation

with the expressions for the evolution of firm performance in (8) and (9), we obtain an estimating equation

that is analogous to that in (13):

Yije = h(kije, Lije; B) + p(Wiji—1 — h(kiji—1, liji—1; 8))+ taTiji—1 + MpTiot—1
+ HapTijt—17Ti0t—1 + Vniyt + Wije, (A.19)

with wije = nijt + €ijt — pEijt—1, and Yo, ;¢ = Pnyyt + Engjt — Plngt—1-

"In order to stress the similarities between the model in section 2 and estimation approach in 4.1 and those
described here, we use the same symbols fn,;¢, 8, ¢ and ;¢ even though they express slightly different variables.
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Once we drop the assumption of monopolistic competition, equation (14) no longer captures the first
order condition with respect to labor. In fact, this first order condition will depend on the equilibrium
markup that affiliate j of firm 4 sets at period ¢. Following the cost minimization approach (see De Loecker
and Warzynski 2012, and De Loecker et al 2016) to derive the first order condition for labor, we obtain:

min £(Liji) = Pl Lije + Pl Kije + Nije(Qige — Qige(-)),

Lije
0Ly ! 0Qij¢(+)
=Pl N\t )
8Lijt Wt 7t 8Lijt

where )A;;; is the Lagrange multiplier and all other variables are defined as in the main text. Rearranging

terms and multiplying by L;;;/Qsj:, we obtain

0Qijt(+) Lije _ Wiljt 1
OLijr Qijt  Qijt Nijt

Multiplying and dividing by F;;; in the right hand side, and noting that the Lagrange multiplier is equal to

the marginal cost of production, we can write

0Qiji(-) Lijt _ Wi
OLijs Qijr Y

ijt

Cz’jta

where Y7, denotes the equilibrium revenue of affiliate j of firm ¢ in period ¢, and (;;; is the equilibrium
markup, defined as the output price over the marginal cost. From the production function in (4), we can

rewrite this first order condition with respect to labor as

!
ijt

o + a2l + ki = YTCijta
ijt

and, multiplying by ¢ on both sides of this equality, we obtain

Wi, -
B+ Bu2lije + Bikije = Y%Cijt,

ijt
where (¢ = t(jj¢. Finally, allowing for measurement error in observed revenue as in the main text:

l
Bi + Bu2lijt + Buckije = V;/;]: exp(eije)Cijt- (A.20)
This expression is similar to that in (15) but there is a key difference. The reason why the moment condition
in (15) is incompatible with the presence of variable markups is that it implies that the composite €; —i—ln(@ jt)
is mean independent of labor and capital. This will not be true in a general model of endogenous markups;
the equilibrium markup of affiliate j in period ¢ will be correlated with the quantity of inputs it hires.
Given that we cannot use equation (A.20) as an estimating for (3;, i, Bix), we must estimate these
parameters jointly with the remaining parameters using orthogonality conditions that apply to (A.19). We
cannot use NLS to estimate the parameters entering (A.19) because both l;;; and y;;:—1 will be correlated
with the error term w;;¢: l;5; is correlated with 7;;; and ¥;;¢—1 is correlated with €;;¢—1. Therefore, we need
to find instruments for both /;;; and y;;,—1 and use a GMM procedure to estimate the parameter vector
(B, Buts Biks Brs Brks 05 Has Hps Hap)-
Given that, from (7) and (8), y;;i—2 is mean independent of u;;;, we may use this variable as instrument

for y;j¢—1. This instrument is likely to be strong, as revenue tends to be persistent over time. There are two
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variables in our data that may be used as instruments to identify the coefficients multiplying I;;; in (A.17).
From (7) and (8), l;;¢+—2 will be a valid instrument. However, once we condition on l;;;—1, which enters
directly in (A.17), the correlation between l;j;—o and l;;; is negligible in our data. An alternative would be
to use w;j;. However, for this instrument to be strong, there must be enough variation in wages paid by
different affiliates located in the same market and year. At the same time, for w;;; to be a valid instrument,
we need that the wages paid by different affiliates are not correlated with their own productivity.”
Regardless of the moment conditions used to estimate the parameter vector of interest, note that the
estimates of (ftq, fp, ftap) Would capture the effect that R&D expenditure has on firm performance. They do
not capture the possible effect that R&D expenditure might have on markups. However, given estimates of
01, Bu and Bk, we can measure the log of the composite of measurement error and markups for each affiliate

as
n(Cije) + ije = n(By + Bulije + Bukije) — wfjt + Yijts

and we can study the impact that R&D expenditures has on markups by projecting ln(gijt) +¢€i5¢ on different
measures of R&D spending within a multinational firm ¢. Given that €;;; is assumed to be mean independent
of any variable in the state vector S;; (see (10)), the estimates of a regression of In(Cij¢) + €45 on variables
that are either included in S;; or are a function of it will converge to the same values as the estimates
of a regression of ln(@jt) on the same set of covariates. That is, €;;; would operate in such a regression as
measurement error in the dependent variable and, therefore, would not affect the consistency of the coefficient
estimates.

Summing up, this alternative estimation approach shows that we can relax the monopolistic competition
assumption and thus allow for variable markups as long as, instead, we impose two additional assumptions
not imposed in the model and estimation approach described in section 2 and 4.1: (a) production function
does not depend on material usage; (b) wages paid by affiliates are mean independent of their performance
indices. Assumption (a) is required because we do not observe investment in material inputs in our data.
Assumption (b) is required if we use wages as instrument for labor usage in the GMM estimation of the

parameter vector of interest or if we rely on the first order condition in (A.20) to recover affiliates’ markups.

Alternative Estimation Approach 2. Assume the demand function is defined by (1) and the production
function is as described in (2) except for setting a,, = ayy = oy = agr = 0. In this case, the revenue

function is identical to the value added function and may be expressed in logs as
Yijt = tng;t + Bilije + Brkije + Vije + €ijts (A.21)
where iy, ¢ = (1/0)qn,;t + Pnijt, B = cat, Br = o, Yije = t(wije + &ije) and © = (0 — 1) /0. Combining this

equation with the expressions for the evolution of firm performance in (8) and (9), we obtain an estimating

equation that is analogous to that in (13):

Yijt = Bilije + Brkije + p(Yiji—1 — Bilije—1 — Brkije—1)+ MaTiji—1 + MpTiotr—1
+ HapTijt—1Ti0t—1 T Ynyt + Uijt, (A.22)

with wije = Mije +€ijt — pEije—1, and Yo, ;¢ = Hny;t + Kngjt — P, ;i—1. Following the same steps as in Approach

"'Notice that the coefficients entering (A.19) multiplying some term that depends on l;; —i.e. (81, Bu, Bu)— also
enter multiplying terms that depend on l;;:—1. Therefore, one could theoretically estimate the parameter vector of
interest (81, Bu, Bik, Bi, Brks Py as p, ap) Without relying on moment conditions that use as instruments covariates
that are both correlated with /;j; and assumed to be mean independent of the error term w;;;.
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1 above, we obtain the following expression for the first order condition with respect to labor,

Wi, )
B = Ve exp(€ijt)Ciji- (A.23)
The advantage of assuming a Cobb-Douglas production function is that we can study the impact of R&D
expenditures on markups without having to first compute consistent estimates of the parameters determining
the elasticity of revenue with respect to labor; i.e. ;. The reason is that, once we include a constant in
the regression of ln(@jt) + i1 — In(B;) on measures of R&D expenditures, the estimates of the coefficients
on these measures of R&D spending will converge to the same values to which they would converge if the
dependent variable were to be only ln(é:ijt). The reason for this is: (1) ;5 operates as measurement error in
the dependent variable and, therefore, does not affect the consistency of estimates of regression coeflicients;
(2) In(B;) is just a constant and, therefore, the coefficients of a regression that has In(ij;) + €45: — In(B1) as
dependent variable will differ from those of a regression that has ln(@jt) + €45+ as dependent variable only in
the constant term.

In order to estimate the parameter vector (8;, Bk, p, ta, tp, Hap)s We use (A.22). As discussed above in
Approach 1, obtaining a consistent estimate of (5, Sk, o, fta; ip, Hap) Using (A.22) as the estimating equation
requires obtaining an instrument for y;;;—1 and potentially also for l;;;. Also as discussed above, obtaining
an instrument for /;;; that is both valid and strong may be challenging.

In summary, assuming that the production function is Cobb-Douglas in labor and capital does not
simplify the estimation procedure that one must follow to estimate both the production function parameters
and the parameters determining the impact of R&D investment on performance.” However, it significantly
simplifies the estimation of the parameters determining the impact that R&D investment has on affiliates’
markups; the reason being that these parameters may be estimated without having to previously estimate
the parameters entering the production function, (8, 8x), or the parameters determining the evolution of
affiliate performance, (p, fiq, fip, tap)-

Alternative Estimation Approach 3. Assume the demand function is defined by (1) and the production
function is as described in (2):

Qijt = (H(Kithijt;a))l_am (M) exp(wije), (A.24)

15t
where here we use M}, to denote the total expenditure in materials. In this case, by definition, M, =
Y5 —V Al where recall that Y}, and VA, denote sales revenue and value added, respectively, for affiliate

j of firm 7 in period ¢. Allowing for measurement error in both sales revenue, Y;;; = Y, exp(e}},), and value

added, Yij; = Y3, exp(e}f;), we can write our measure of the log of materials use by affiliate j of firm i in

period ¢ as
Mijt = Yijt — V¢ + E?jt — &t (A.25)
In this case, the revenue function becomes
Yijt = Knist + hlije, Kije; B) + Bmmige + Yije + €]y, (A.26)

where k¢ = (1/0)qn,;¢ + Pnyjes B = b, By = amt, Yije = t(wije + &ije) and ¢ = (0 — 1)/0. Combining

™Even though the procedure is the same, the set of production function parameters to estimate is obviously
smaller: (81, Bk) vs. (Bi, Br, Bu, Bik, Brek). In practice, in many dataset, it might be complicated to precisely estimate
the additional parameters of the translog production function. Therefore, in empirical applications, assuming a
Cobb-Douglas production function might significantly simplify estimating the parameters of interest.
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(A.25) and (A.26), we can rewrite revenue as

Yijt = Kngit + W lije, Kije; B) 4 Bm (Yije — vaige) + Vige + (1+ Bm)els, — Bmeisy (A.27)
= iyt + Wlije, kije; B) — (Bm/ (1 = Bm))vasje + Yije + (L + Bin) /(1 = Bm))ely — B/ (1 = Bm))erss

where Kp, ¢ = (1/(1 = Bm))kn,,ts B =(1/(1-8m))8, @jt = (1/(1 = Bm))ijt- Combining this equation with
the expressions for the evolution of firm performance in (8) and (9), we obtain:

Yije = hkije, lije: B) = (Bm/ (1 = Bm))vaije + p(Yijio1 — h(kiji—1,liji—13B) = (Bm /(1 = Bm))vaiji—1)
+ faTijt—1 + MpTiot—1 + HapTijt—17i0t—1 + Vit T Uijt, (A.28)

with wize = nije + ((1+ Bm)/(1 — Bm))gi}jt — (B /(1 — Bm))gi)ﬁ‘ —p(((L+ Bm)/(1 = 5771))5%:&71 — (B /(1 —
ﬁm))sfﬁfl), and Vn, ;¢ = fn,;t +En,;t — PFn,;;t—1. Following the same steps as in Approach 1 above, we obtain

the following expression for the first order condition with respect to labor,

l

Wijt Yy o\ F
Bilijt + Bu2lije + Bikkije = Y, exp(eg;,)Gijts (A.29)
ij

where recall that (;;;+ is the equilibrium markup and @jt = 1(j;+- The first order condition with respect to
materials is

M;; - Yiiexp(—e?.)) — VA exp(—e¥%) -
B = 2 exp(e¥)Cije = it exP(~E150) Zyﬁ ( ”t)Cijtv
Yijt J Yijiexp(—ef},)
or, equivalently,
1 VA
1- /Bmf = Yim exp<€?jt - sfjat)' (A30)
ijt iyt

In this framework, we must estimate the parameter vector of interest (8, Bu, Bk, Bk, Bik, Bms Ps Has Kps fap)
using (A.28) as estimating equation. As discussed already above in Approach 1, deriving orthogonality
restrictions from (A.28) for estimation requires instruments for y;;:—1 and potentially also for [;;;. In addition,
identifying 3,, using (A.28) requires instruments for va;j;—1 and potentially also for va;;;; finding two
separate instruments, one for va;;; and another one for va;;;—1 may be challenging.” Regardless of the
instrumentation strategy, given estimates of 5;, 8y and S, it is possible to measure the log of composite
of measurement error and markups for each affiliate from (A.29). As this equation is identical to (A.20),
we refer here to the discussion in Approach 1 above on how to identify the impact of R&D spending on
markups.

In summary, this Approach 3 outlines an estimation procedure for a model that is strictly more general
than that in section 2: it maintains the production function in (2), (3), and (4) and implicitly drops the
monopolistic competition assumption by allowing for variable markups. The cost of dropping the monopo-
listic competition assumption is that additional mean independence restrictions might need to be imposed
in order to estimate the parameters determining the elasticity of output with respect to materials, 3,,, and
with respect to labor, (81, Bu, Bik)-

"3If we were to assume that the value added of every affiliate j in every period t is measured without error, then
va;jt—1 would not be endogenous in equation (A.28). The variable va;;; would still be correlated with w;;: through
the period-t¢ firm performance shock 7;;;.
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A.7 Production Function: Translog in Materials

Assume the demand function is defined by (1) and the production function generalizes that in (2) to be

translog in labor, capital, and materials:

Qije = (H(Kije, Lije, M5 o)) exp(wije), (A.31)
where
H(KijtvLijtvM”ta ) - exp(h(KijﬁLijtﬂM:]t? )) (A32)
h(kijt, Lije, iz @) = aulije + agkije + alllijt + akkk?jt + ourlijekije
Here we use M}, to denote the total expenditure on materials. By definition, M, = Y5, — VAj;,, where

Y75, and VAT

Thus, allowing for measurement error in both sales revenue, Y;;; = Y77,

denote sales revenue and value added, respectively, for affiliate j of firm ¢ in period t¢.
exp(ef;;), and value added, V Aj; =

V A}, exp(eff;), we can write the log of measured materials used by affiliate j of firm 7 in period ¢ as

15t

e = s — e, — . ¥ Yy _ va _ % Yy _ va
Mijt = Yijt — Mijt = Yije — V5 T €55 — i = My + €45y — €t (A.34)

In this case, the revenue function becomes
Yijt = Kngt + hlije, Kije, iz B) + bije + )4, (A.35)

where fin, ;¢ = (1/0)qn,;t +Pnyjis B = b, B = mt, Yije = t(wije +&ije) and ¢ = (0 — 1) /0. Introducing our

measure of materials in this expression, it becomes

Yijt = Kngit + hlije, Kije, maje — €5, + €05 B) + Yije + €l
= fongyt + R(lijes kijes Yije — vaige — €l + €555 B) + Yige + €8y (A.36)

Combining (8), (9), and (A.36) we obtain

Yije = hlije, Kije, Yije — vaije — €5, + €15 B)
+ p(Yijt—1 — hlije—1, Kije—1,Yije—1 — vaije—1 — €1 +€ifi_158))
+ PaTijt—1 + PpTiot—1 + HapTijt—1Ti0t—1 + Ynyt + Uijt, (A.37)

where the error term is wu;j; = 7;5¢ + 5m psi-’jt_17 and Yn, ;¢ = fngt T Fngt — Plnge—1-

Using (A.37) as estimating equation requires addressing several identification challenges. First, as static
(flexible) inputs, labor and materials hired by firm ¢’s affiliate j during period ¢ are determined after the
period-t shock to productivity 7;;; is observed by firm ¢, giving rise to a correlation between both I;;;
and y;;; — vasj; and w5 Second, measurement error £;;;—1 in sales revenue y;;;—1 also appears in the
error term u;;; in (13) above, giving rise to a correlation between y;;;—1 and u;;;. Third, our measure of
materials depends on sales revenue from (A.34); therefore, measurement error in sales revenue £}, will also
affect our measure of materials, generating a correlation between u;;; and y;j; — va;j¢. Fourth, the function
h(:) is not linear in materials and, therefore, the measurement error terms in sales (ef;;,7;, ;) and value
added (e EiftrEirt— 1) enters nonlinearly in (A.37). Estimating the parameter vector (8, p, tia, tip, fap) May be
attempted following two steps analogous to those described in section 4.1. We describe here several challenges
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posed by this approach.

Step 1. Given the production function in (A.31), (A.32), and (A.33), the profit function in (12), and the
assumptions that both labor and materials are static inputs, necessary conditions for observed labor and

materials to be optimally determined by firm ¢ for its affiliate j are

Wil’
Bi+ Bu2lije + Buckije + Bim (Yije — mije — €y, +ei5y) = v 2 exp(efy), (A.38)
ijt

and

Yijeexp(—ef;) — V Ayjr exp(—¢iy)

e 2 . A it
5771 + Bme(ymt Mgt Eijt + Eéjjai) + Bmkkz]t + ﬁlmlmt - er'jt eXP(*é‘?jt) (A39)
Taking logs on both sides of these two expressions, we obtain
In (B + Bu2lije + Bukije + Bum (Wije — maje — €y + €554)) = Wiy — vige + €2y, (A.40)
and
In (5m + Brm2(Yije — Maje — €?jt+5§)ﬁ) + Bmrkije + ﬂlmlz‘jt)
= In(Yi e exp(—ef;,) — VAijeexp(—€jjt)) — yije + €l (A.41)

It is not possible to derive from (A.40) and (A.41) moment conditions analogous to those in (15). The reason
is that the measurement errors affecting revenue and value added, sgjt and &7, enter nonlinearly on both
the left and right sides of (A.40) and (A.41). Therefore, imposing mean independence restrictions on the
distribution of these measurement error terms is not enough for identification. Assuming that both sales
revenue and materials are measured without error (i.e. e}, = e, = 0 for all 4, j, and ¢) would not be a
solution either: the error terms would also automatically disappear from the right hand side of both (A.40)
and (A.41), which would have no unobserved component anymore and, consequently, would be rejected in

the data. One solution would be to instead impose parametric assumptions on the distribution of E?jt and

va

Eistr and to accept the consequence that estimates of (8, Bu, Biks Bim, Brms Brmms Bmi) would be sensitive to

such parametric assumptions.

Step 2. Given the conclusion above, we must estimate all parameters of interest using (A.37). The terms
ef;; and 7f also enter nonlinearly in the function A(-) and, therefore, in (A.37). Therefore, as discussed in
Step 1 above, a necessary step to use this equation for identification is to assume away measurement error

in sales revenue and value added. The resulting expression is:

Yije = hlije, Kijes Yije — vaije; B) + p(Wiji—1 — hMliji—1, Kiji—1, Yiji—1 — vaiji—1; B))
+ faTijt—1 + MpTiot—1 + HapTijt—17i0t—1 T Vit + Uijt, (A.42)

where wu;j; = nijt, and Yp, ;¢ = fn;;t + Kt — PR e—1- The challenges that we would need to face to be able
to use this equation for estimation is to find instruments for I;;; and y;;¢ — va;;;. Regarding the latter, the
ideal instrument would be the price of materials, which we unfortunately do not observe. An alternative
would be to use y;j¢—2 — va;ji—2, though this is unlikely to be correlated with y;;; — va;;¢ after controlling

for yije—1 — vagi—1.
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A.8 Nonlinear Evolution of Firm Performance

Assume firms face the demand function defined by (1), the production function defined in (2), and are
monopolistically competitive. This yields the revenue equation in (6). Suppose we were to generalize the
stochastic process of firm performance so that the expected value of period-t firm performance conditional
on the information set of firm i at t — 1 is allowed to depend on period-t — 1 performance in a nonlinear way.
Specifically, instead of (9), assume that

E_1[vij¢] = prebije—1 + Pzngtq + faTiji—1 + pTiot—1 + HapTijt—1Tiot—1 + fn,;t- (A.43)
Combining (6), (8), and (A.43), we obtain

vaijt = h(k‘ijt,lijt;ﬁ) + p1 ('Uaijt—l - h(kijt—la lijt—l;ﬁ)) + pQ(Uaijt—l - h(kijt—la lijt—l;ﬁ) - K’n,;jt—l)z
+ HaTijt—1 + UpTiot—1 + HapTijt—1Ti0t—1 + Yn, it T Uije, (A.44)

where wuij; = Nije + €ijt — PEijt—1, and Yt = fngt + Kngt — Phnge—1- As it is clear from (A.44), using
this equation to estimate the parameter vector of interest, (B, p1, P2, fas fips Haps 1Vnijt}> {Kni;t}), Tequires
estimating also a large set of market-year fixed effects {sy,, 1} that enter nonlinearly in the estimating
equation. The estimates of the parameter vector of interest will therefore suffer from asymptotic bias due to

an incidental parameters problem.

A.9 NLS and GMM Estimation: Details

A

For any variable x;;;, use z;;, to denote the residual from projecting z;;; on a full set of market-year fixed

effects, {yn,;¢}. Therefore, from (16), we can write

ngjt = @;jt - ﬁkkz{jt - ﬁkk(kzzjt)/ - p(mgjt—l - Bkk;jt—l - ﬂkk(kzgjt—l)/)
- ﬂar;jt—l — HpTiop—1 — Hap(Tije—17Tior—1)’", (A.45)

where (k2;,)', (k3;;_1)" and (riji—17i0:1)" denote the residuals from the projection of the variables k7, k7,

and 73;:—17i0t—1, respectively, on a full set of market-year fixed effects {’ymjt}.
Using this notation, we can write the NLS estimator for the parameter vector (Bk, Sk, p; Las tps Hap)

described in section 4.1 as

(Bks Brks B fas fis frap) = min > {1{j € Juj € Tur} x e}, (A.46)
(Bie»BrksPstbastpstiap) it

where (A.45) implicitly defines ngjt as a function of the parameters of interest (Bk, Bkk, £s fas tps fap)-
Similarly, we can use (A.45) to define the GMM estimator for the parameter vector (B, Bkk, 0, fa,
Hp, fap) described in section 9 and in Appendix A.15. Specifically, we compute the optimal two-step GMM

estimator based on the following set of unconditional moments

[ Kije T

(k30)

k.

E n;jt X (]::]‘;_1 )/ X ]]‘{] € \Ztvj € j;t—l} = 07
ijt—1

UCRD),_,
(UCRD“,1 X IPRn” t—1 )/
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where UCRD/,_; and (UCRD;;_; x IPR,,,;¢+—1)" denote the residuals from the projection of the variables
UCRD;¢—1 and UCRD;;_1 X IPRy,,;t—1, respectively, on a full set of market-year fixed effects {’ynijt}.

A.10 Headquarters Innovation and Affiliate Performance

To evaluate the contribution of firm-i parent innovation to the long-run performance of its affiliate j, we
use information on the levels of innovation, r;0; and 7;;, that prevail in the firm during a base period ¢.

Supposing these base-year levels are held constant, the expected long-run performance of j is
Yij = E[Slggo Vijs|rioe Tije]

_ 1
= Zps t//fnijs + mg(rijt, Tiot), (A.47)

s>t

where 70; and r;;; are observable, and g(rijt, Ti0t) = Et—1[Vije] — phije—1 — pin, ;¢ With By _1[tbij¢] defined in
(9). In order to derive (A.47) we have applied E[n;;s|7:¢, i0:) = 0 for all s > ¢, as implied by (8).
The long-run performance of affiliate j of firm 4 in the case in which parent R&D is zero and affiliate

R&D remains at its period-t level yields

_ 1
Vijro = ;ps "fin,,s + ﬂg(rijtvo)a

and we assess the contribution of parent innovation by comparing the distributions of v;; and 1);; ., across
multinational firm affiliates. Similarly, the long-run performance of affiliate j of firm ¢ in the case in which

affiliate R&D is zero and parent R&D remains at its period-t level yields

- 1
7/1ij,rj = ZPS tlu’nijS + ip 9(0, 730¢).
s>t
Note that the difference between any of the terms ;;, ¥;j,;, and ;5 », does not depend on the set of fixed
effects {vn,;¢}-

A.11 Innovation and the Headquarters Performance Advantage

To compute the long-run performance 1;; of affiliates j of a multinational 7, we use the expression in (A.47)

above. From (18), the expected long-run productivity the parent firm of multinational i is

, 1
Yio = E[élggo Yios|iot] = Z P° ot + fpo(uomm + Hao Z Tiji—1)- (A.48)

s>t J

Comparing equations (A.47) and (A.48), one can see that the difference in performance between parents
and affiliates will depend both on the market-year unobserved exogenous factors that affect the evolution
of the performance of the parent, fi,,,:, as well as those unobserved factors that affect the evolution of
performance for each affiliate j, pn, ;- Being able to identify these parameters would require data on the
price index, P, ¢, the quantity index, @y, ¢+, and the price of materials, P,’Z}jt, in every market and year
in which either the parent or an affiliate operates. Such data is not available to us; therefore, Figure 2
reports the distribution of the performance of every affiliate relative to its parent that is exclusively due to

the distribution of R&D spending within the multinational firm. Specifically, it provides the value of each
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percentile of the distribution of

HoTiot
1-— ,00’

HaTijt + UpTiot + MapTije—1Tior
I—p

for ¢ = 2004.

A.12 TInnovation Policy Effectiveness and the R&D Return

Here we derive the expression for the gross returns to parent R&D investment under the assumption that
the number of affiliates and, for each affiliate, their value added, R&D spending and imports from parent
remain constant at period-t levels; i.e. equation (20) in the main text.

First, taking into account that the R&D investment performed by the parent at period ¢ only affects the
future value added of affiliate j through its impact on period ¢ + 1 performance, ¥;j;+1 = exp(¥sjit1), we

can rewrite the gross return term GR;o; in (19) as

GRiOt =

178
_;J; RzOt
> >
s>t jE€ETs
> >
- s>t jETs
[ OVioir1 OWi0, OV A%y,
Z[ 8Rzot 8\1110;1 8\11105

oV A?. }

=E

~

a\pz]t-‘rl 8VA1_]5:|
aRzOt 8\IjzjtJrl

a\:[jijt+1 a\:[lijs aVA:]S:|
ORior OWijer1 OV s

=E

3

OVijtr1 OV aVA?ﬁH
a-RiOif a\I}ijt+1 a\Ilzjs

- s>t

5¢10t+1 s—t—1 VAZOS
Z[ 87’7,015 Po + Z
J#O

is

J#0
8¢13t+1 .s t—1 VA;‘JS :| :|
57"107: Riot ’

(A.49)

Ls>t zOf

where the second equality applies the chain rule, the third equality differentiates between the impact of
parent R&D on the parent itself and all its affiliates, and the fourth equality uses the fact that

6‘I’ijt+1 _ 8¢¢jt+1 \I/ijt—i-l 7 7=0,...,J;s,
OR;o: Oriot  Riot

OWios o1 Wios

6'\Iliot+1 \IjiOt+17

Wi _ jsmtm1 Wigs J=1 s,

OVijt41 Wijt41

aVA;kjs VA:JS

_ ; j = O, ey Jis~

8\1/,”8 \Ilv,]s

Furthermore, assuming the specifications of the stochastic process of productivity given by (9) and (1

will be true that

Oiotr1
) = Mo,
Tiot
Oijiq1
= + Tijt-
Oriot Hp T HapTist
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Plugging these expressions into (A.49), we obtain

Jis
VA VA;
GRiy, =E [ gmt—1_—40s + Haprije)ps ! JH A51
o = By [2 pops sz o+ Hapriz)p" ' (A.51)
Finally, assuming that J;s, V A}y, and V A}, remain constant at their period ¢ values for every year s > ¢
o VA%, Up + HapTijt VA;th

GRipp = ———— + ; A.52

%71 py Rt jez\;“, 1-p Riot ( )
J#0

with corresponds to (20) in the main text.

From (A.51), we can also compute the derivative of GR;o; with respect to R,

OGR;o; _, {Z [31/)i0t+1 Pyt 1 (aVAfos Rior — VA;‘OS)

OR;o; ot Orio (R ) OR;o:
8¢ijt+1 s—t—1 1 aVA;‘kjs ]
+ Y Sy Riot — VAL,
Jed; 3T¢0t r (th)Q( 3Ri0t o J )}
370"

and, therefore,

OG R0t OViot+1 g1 VA, (OV AL, Riot
— E S Us Us _ 1
ORyo0r t[;[ Ori 0 (Rmt)2( DRy VAL, )
n Z 3¢z’jt+1ps_t_1 VAL (aVAf]é Rioe 1)H
i Oriot (Riot)2 \ OR;o: VAL, ’

or, equivalently,

0GRt _ {Z Oiot+1 it VAl ((%LL;“OS _ ) Z Oijiya ot VA (87}“1]9 _1)]}

OR;o; Oriot Fo (Riot)? \ Orio ;e 7. 37%0:: (Riot)? \ Oriot

Jj#

Noticing that

*
dvajyg _ Oiot+1 541

0 ’
Orio Orio
E3
ovag;y  Oijip1 4y
- b
Orioe Oriot

and using (A.50a) and (A.50b), the expression simplifies to

OG R0 {Z -1 VA t—1 Z i1 VA
= [ s— i0s ( s— 1) 4 + apTii s—t—1_~ ""13s
aRiOt t o HoPg (Rz ) HopPg jems(:u’,v Hap jt)p (RzOt)2
Jj#0

X ((/ip + ,uaprijt)PSitil - 1>H .

Notice that the derivative above depends on the number and size of affiliates, and their involvement in R&D

performance.
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A.13 U.S. Parent Innovation and GDP Growth Abroad

Denote the aggregate value added of all firms operating in market n at period ¢ as VAY,, and the aggregate

value added of all affiliates of U.S.-based multinationals operating in market n at period t as VAfg ;.

Then, VAfg e = D e .,
market n in period ¢t. Similarly, denote as VA;jt the counterfactual value added of affiliate j of multinational

VA, where Jpt denotes the set of affiliates of U.S. multinationals operating in
firm 7 in period t if the only change in the environment is that it cannot benefit from the R&D investment
performed by its parent at t — 1 (i.e. every other determinant of value added is kept at its observed period-t
value). Similarly, let’s define V- Ayg,,, = ZjeJm VA and Ausne = VApyg n/V Afrg - Then, using the

expression for the evolution of affiliate productivity in (9),

Zjejm exp(vaije — €ijt — MpTiot—1 + MapTijt—17Ti0t—1)

Zjejm eXp('Uaijt - €ijt)

AUS,'mf =

Notice that the estimation procedure in section 4.1 provides estimates for all the parameters entering this
expression, including the measurement error term ;5. Once we have computed the value of Ayg ,;, we can
measure the relative change in VA%, due to affiliates of U.S. parents not being able to benefit from their
R&D investment. Specifically, denoting V' A/, as the total value added generated by all firms in market n
at period t in the counterfactual scenario of interest, and VA}‘JM as the total value added generated by

non-U.S. affiliates located in market n at period ¢, we may write

A VAL VAvse + VAl _ Ausimt 2jeg,, XPvaije — €ije) + (VAL — 3 je 7, exp(vaije — €ijt))
"va, VAL VAL |

To measure VA7, as the GDP of market n at period ¢, as reported in the database INDSTAT4; i.e. UNIDO
Industrial Statistics Database at the 4-digit ISIC level.

A.14 Intrafirm Trade: Model and Empirical Strategy

We extend here the model presented in section 2 to allow affiliates to source inputs from their parents.
Specifically, we generalize the affiliates’ production function in equation (2) and assume that, to produce
output Q;;¢, affiliate j combines capital, labor, materials sourced from third-party supplies and materials

sourced from their parent using the following production technology
Qije = (H(Kijt, Lije; @)~ Om =i M IMm exp(wije) (A.53)

where the function H(-) is defined as in equations (3) and (4), K;;; is effective units of capital, L;j;; is the
number of production workers, M;;; is an unobserved quantity index of materials use sourced from third
parties, I M;;; is effective units of materials sourced by affiliate j from its parent, and w;;; denotes the Hicks-
neutral physical productivity at ¢. The optimal amount of materials that affiliate j buys from either third
party suppliers or from its parent are

(i = B2 Mo = P ) =

Mif?%)v(fijt{Pithijt N Pg;bthijt - Pfl?:tIM”t} =

1

1 oc—1 o—1 .
o P o _ pm .., . pvm ..
max {Qnijtpnijt exp (fljt ) szt PnithZJt PnithMljt}7
Mijt,lﬂfijt ag
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which is identical to the maximization problem described in Appendix (A.1) except for the fact that now
Qij+ stands for the production function in equation (A.53) instead of that in equation (2) and that now we
are optimizing over both materials coming from outside the firm M;;; and materials coming from the parent
firm IM;j;. Given the production function in (A.53), the optimal level of material inputs M, and IM7,
satisfy the following two conditions

P, = Q1 f@ﬁem>ﬁéﬁ'%“Z”@”_U [H(Kjr, Lijis )] 25
R (T A
and
P, = QEUJ%U”mp[@”’+”Z“0’_1)[H(KﬁhLMﬁaﬂﬁiﬁi%ﬂﬁiﬁx
7 =1 (g ) =252 (1 2=,
Solving for both M, and IM};,, we obtain
My, am Pl
IM, — aim P,

and, following the same steps as in Appendix A.1, we can rewrite the revenue function as
Yiji = Fpy,e + 0(Kije Lijes BY) + ije,

~ . . m im I :
where Kt 18 @ function of the vector (a,am,aim,cr,pnmt,qmjtt,pmjt,pmjt) and B = /a where ¢ is a
function of auy,, @y, and 0. Obtaining a similar expression for the value added function is also straightforward.

The first order condition for both materials inputs is

m * am(a — 1)
Pn” Mz]t ( p )Y;jtv (A54)

im T aim(g — 1)
Pn” I ijt — (f)}/ijt’ (A55)

which implies that value added (in logs) may thus be concisely represented as,
vaj;, = ;zijt + h(kije, lije; B') + Yijes (A.56)

where

m *1 1 *1 ~
f%ﬂ:mﬁ—a(i )—amt ))+%m-

Equation (A.56) is analogous to equation (5). The only differences between these two equations are the exact

functions of the structural parameters that the market-year unobserved effects, ! and the value-added

ngjt)
elasticities, ﬁ , represent.

This implies that assuming that the production of each affiliate j at ¢ is as represented in equation
(A.53) instead of as represented in equation (2) would not have any impact on the estimating equation in
equation (13) nor on the estimation procedure described in Section 4. The results presented in Section 5 are
therefore consistent with a model in which each affiliate’s demand is defined by equation (1), each affiliates

production is defined by equation (A.53) and the evolution of productivity is defined as in equations (8) and
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(9). The key condition so that the results presented in Section 5 generalize to a model in which affiliates’
production function is as represented in equation (A.53) is that affiliates decide how much material inputs
to source from their parent taking the price set by this parent as given and that this price is constant for all
affiliates located in the same market-year.

The key difference between the model estimated in Section 8 and the horizontal model discussed in the
previous sections is therefore the replacement of equation (9) by (22). This implies that the estimating
equation for the vertical model in Section 8 becomes a trivial extension of that in equation (13). Specifically,

the new estimating equation becomes:

vagie = Mkije, lije; B) + p(vagis—1 — h(Kije—1,lije—1;8)) + faTije—1 + ppTiot—1
+ HapTijt—1Ti0t—1 T HpmTi0ot—18Mijt—1 + MapmTijt—1Ti0t—10Mgjt—1 + MmiMij—1 + %/l,;jt +uije, (A57)
where u;j; = 1451 +€i5t — peije—1 is a function of the performance shock and measurement error in value added,
and where v, ¢ = fin,;t + Ky, p — PKp,—1 i a market-year effect that accounts for both the unobserved
quantity and prices embedded in f@;“jt and the market-year specific component of firm performance, g, ;-

Furthermore, as Efu;j:|im;;:—1] = 0, the discussion of the estimation procedure and identification concerns

in Section 4 also applies to the model with intrafirm imports discussed in Section 8.

A.15 Misreporting of R&D Expenditures

Measurement error in R&D expenditures may affect parameters estimated in Step 2 of the procedure in

section 4.1. Specifically, using the notation introduced in Section 9, we define
Tijt—1 = Tije—1 + Tijt—1, Vi =0,..., Tit,

where 77;;_; denotes the true investment in R&D of site j of firm 7 at ¢ — 1, r;;:—1 denotes the reported

investment and z;;;—1 denotes the degree of over-reporting in R&D spending. Using this notation, we can

rewrite the estimating equation in (16) as

vaije = Prkije + 5kk/€i2jt + p(Vaiji—1 — Brkije—1 — ﬁkkk?jpl) + HaTijt—1 + UpTiot—1
+ HapTijt—1Ti0t—1 + VYnyt + Vigt, (A.58)

where the error term is
Vijt = Nijt — MaZijt—1 — UpLiot—1 — HapLijt—1Li0t—1- (A-59)
For clarity in the exposition, assume pi, = f1qp = 0. In this case, we can rewrite the NLS estimate of 1, as

COUc(Uaijtﬂ“ijt—l) - COUc(MaTijtq + Vijt, Tijt71> - COUC(MaTijtfl + Mijt — MaTijt—1, Tijtfl)

vare(riji—1) vare(rije—1) vare(riji—1)

)

where cov.(-) and var.(-) denote the covariance and variance after conditioning on the vector (kij¢, 0a;j¢—1,
kiji—1) and a full set of country-sector-year fixed effects. Through simple algebra and imposing both the
mean independence condition in (8) and assuming that the misreporting error z;;,—1 is independent of the

performance shock 7;;;, we can rewrite this expression as

COV(—faije—1,Tij—1 + Tije—1) cove(Tije—1,75 1) +vare(Tiji-1)

Ha + - = Ha — Ha *
Uarc(rijtfl + Tije-1) Uarc(rijtfl + Tije-1)
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The asymptotic bias of this estimator would therefore be

cove(Tiji—1,755—1) +vare(Tiji-1)

—Ha

vare(rij_y + Tije-1) .

As, by definition, var.(z;j¢+—1) > 0 and Uarc(r;‘jt_l + zi50-1) > 0, it is clear that covc(:cijt,l,r;‘jt_l) >0
implies a downward bias in our benchmark estimates of the elasticity of period-t affiliate performance with
respect to period-t—1 affiliate R&D expenditure; i.e. downward bias in the estimate of u, computed following
the procedure in 4.1. Analogously, we can show that, if the correlation between x;0;—1 and r,,_; is weakly
positive, the estimation procedure described in Section 4.1 will yield estimates of the elasticity of period-¢
affiliate performance with respect to period-t — 1 parent R&D expenditure that will also be asymptotically
downward biased.

Why shall we expect the covariance between the over-reporting in R&D expenditures, z;j;—1, and the
actual level of R&D expenditures, T7it—1, to be weakly positive? Suppose that the main factor affecting z;;;—1
is R&D subsidies granted by the host country of affiliate j of firm ¢ in year ¢ — 1. Ceteris paribus, the larger
these subsidies are, the larger the expected over-reporting of affiliate R&D; i.e. cove(x;ji—1, subsidies;ji—1) >
0. Similarly, ceteris paribus, the R&D subsidies granted by the host country of affiliate j of firm ¢ in year
t — 1 will also have a positive impact on the actual amount of R&D investment performed by affiliate j of
firm i at ¢; i.e. COUC(T;-'}FD subsidies;j;—1) > 0. Therefore, one can expect the covariance between z;;,—1 and
77;t—1 to be positive and our benchmark estimates of u, to be asymptotically downward biased.

In order to address the downward bias in our benchmark estimates of p4, ptp and pi,, that will likely
arise from misreporting of R&D expenditures, we use UCRD;; x IPR,,,;; and UCRD;; as instruments to
form moment conditions that allow us to compute Generalized Method of Moments (GMM) estimates of the
parameter vector (p, Bk, Bkk, tas tps Bap)-

Specifically, maintaining again the assumption that p, = p4p = 0 for clarity in the exposition, we can

rewrite the GMM estimator of u, as

CO’UC(@th, UCRDit,1 X IPRnijtfl)
CO”UC(Tijtfl, UCRDit,1 X IPRnijtfl) ’

or, equivalently,

cove(paTiji—1 + Mijt — HaZijt—1, UCRDs—1 x IPRy,,;11)
COUC(TZ‘jt_l,UCRDit_l X IPRn”t_l)

where, as above, cov.(-) denotes the covariance after conditioning on the vector (kij¢, 0aij¢—1, kije—1) and a
full set of country-sector-year fixed effects. By simple algebra, one can show that, if the covariance between
our instrument and both the productivity shock 7;;+ and the error in the reported R&D expenditure is zero
conditional on lagged value added, capital, lagged capital, and a full set of market-year fixed effects, then
our GMM estimate of u, will be consistent. We argue in section 9 why we think these assumptions are
reasonable.

Similarly, assuming that p1, = ptqp = 0 for simplicity, we can rewrite our GMM estimation of p,, as

cove(vagje, UCRDy_1) _ cove(pproje—1 + Vije, UCRDy_1) _ cove(ppToji—1 + Nijt — pTiot—1, UCRD_1)
cove(rioe—1, UCRD—1) cove(rior—1, UCRDy;_1) cove(rioe—1, UCRD—1) ’

If we assume that the user cost of R&D in the U.S. state of the parent site at some period t—1 is uncorrelated

with the period ¢ productivity shock of one of its affiliates, then we can rewrite the asymptotic bias of our
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GMM estimate of j, as

cove(xiot—1, UCRD;—1)
He Covc("'iOt—la UCRDit—l) -

As long as the sign of cov.(z;ot—1, UCRD;;_1) is the same as that of cov.(r;pt—1, UCRD;¢—1), we expect our
GMM estimate of y, to be asymptotically downward biased. Specifically, as discussed in Section 9, higher
R&D subsidies in the state of location of the parent of firm ¢ will imply: (a) lower user cost of R&D; i.e.
lower UCRD;;_1; (b) higher over-reporting of R&D expenditures by the parent; i.e. higher x;0;—1; (¢) higher
actual investment in R&D by the parent; i.e. higher %, ;. We thus expect covc(ziot—1, UCRD;—1) < 0
and cove(rioi—1, UCRD;;—1) < 0. Under these conditions, our GMM estimate of p, is expected to be
asymptotically downward biased.

Summing up, in the presence of R&D misreporting by affiliates and parents of multinational firms, we
expect our NLS estimates of the elasticity of affiliates’ performance with respect to parent and affiliate R&D
expenditures to be downward biased. Similarly, we expect the GMM estimator that uses both UCRD;;_1
and UCRDj;—1 xIPR,,;;1—1 as instruments for 75,1 and r;p;—1 to yield asymptotically unbiased estimates of
the elasticity of affiliate performance with respect to its own R&D investment and asymptotically downward
biased estimates of the elasticity of affiliate performance with respect to its parent R&D investment.

Columns 1 through 6 in Table A.2 show that UCRD;; and UCRD;; x IPR,,, ;¢ are systematically related
to parent and affiliate R&D spending. Parent firms located in a U.S. state with a relatively high user cost
of R&D UCRD;; have, in turn, relatively low levels of R&D spending (columns 3-6). When interacted
with the level of intellectual property protection in affiliate host countries, a higher user cost of R&D in
the U.S.-parent state is also associated with increased foreign-affiliate R&D spending within the same firm,
particularly among affiliates in locations with strong intellectual property protection (columns 1-3). The
data are thus consistent with the idea that an increase in the user cost of R&D in the United States leads to
a reallocation of R&D investment within multinational firms away from the U.S. parent site and toward firm
affiliates in countries with strong intellectual property rights. It is worth noting that the correlation between
affiliate R&D investment and UCRD;; x IPR,,, ¢ is robust to the inclusion of market-year fixed effects in
column 2, as is the correlation between parent R&D and UCRD;; in column 6. Nevertheless, the regressions
in Table A.2 should not be interpreted as a formal first stage of a Two-Stage Least Squares estimation, and
are computed only as a representation of the correlation present in our data between r;;; and o, on one
side, and UCRD;; x PRy, and UCRDj;, on the other side. The model estimated is over-identified and
imposes nonlinear restrictions on the coefficients; a simple regression of each endogenous covariate on all

exogenous covariates is therefore not a well-defined first stage.
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Table A.2: Determinants of Parent and Affiliate R&D

Correlations

Dependent variable: Tijt Tijt Tijt Tiot T30t Tiot

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

UCRD;; x IPR,,,;;  0.730%  4.847°  3.889"
(0.056)  (2.083) (1.917)

UCRD;; 1.014  -9.558 9.371  -4.185* -9.478% -7.750
(1.243)  (8.326) (8.803)  (1.602)  (2.264)  (6.673)
Observations 4,194 4,194 4,194 536 536 536
R? 0.128 0.254 0.505 0.437 0.458 0.727
F test statistic 171.1 5.43 3.69 6.81 17.6 1.35

Notes: a denotes 1% significance, b denotes 5% significance, ¢ denotes 10% significance.
Correlations are OLS estimates. Standard errors are in parentheses and F' statistics cor-
respond to the instrument. Included controls are In L,g in columns 1-3 and In Lpar in
columns 4-6. Fixed effects included are market-year (columns 2, 3, 5, and 6) and firm
(columns 3 and 6).
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