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Abstract

This paper investigates the influence of patent laws on firms’ global sourcing decisions. I
develop a theoretical model of multinational firms’ location and production decisions in
the presence of cross-country differences in intellectual property rights and cross-sector
differences in the length of product lifecycles. I show that patent reforms are irrelevant to
firms’ sourcing decisions in industries with rapid product turnover. By contrast, strong
patent laws attract affiliate activity in industries with longer product lifecycles, because
products in these industries are more likely to be imitated prior to obsolescence and are thus
more reliant on patent enforcement to protect revenues. These effects are more pronounced
for less-productive firms. Using comprehensive panel data on the sales, assets, and
employment of U.S. multinationals and their affiliates abroad and a new measure of product
obsolescence, I find robust empirical support for these predictions. Effects are significant
along all margins of multinational activity, including multinational presence by country and
sector, total affiliate sales conditional on presence, the number of affiliates, and affiliate-level
sales. In addition, I find that stronger patent rights tilt the balance of cross-border activity
away from exports and toward multinational activity. Finally, my identification strategy
allows me to isolate the causal effect of patent reforms on multinational operations, which

the prior literature has struggled to establish because of concurrent policy reforms.
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1 Introduction

Multinational corporations are among the most innovation-intensive firms and account for
the substantial majority of international transactions.! To an increasing extent, these trans-
actions involve proprietary technologies transferred within the firm from multinational par-
ents to their foreign affiliates.? But in choosing where to establish affiliates and deploy these
proprietary technologies, multinational firms face a trade-off, because countries with attrac-
tive input costs often lack strong protection for intellectual property.

This trade-off does not, however, affect sourcing decisions in all sectors equally. Consider
for example the experience of two firms in the electronics and solar cell industries, Apple and
Solar Junction. Apple chooses to produce even its newest products in locations with weak
intellectual property institutions. On the other hand, Solar Junction, a U.S. firm that has
developed high-efficiency solar cells, is building production capacity for its latest models in
the United States. Although these two firms differ along many dimensions, Solar Junction
points to concerns about imitation risk as a major factor behind the decision. In particular,
it cites the durability of the intellectual property associated with its current products—which
is long-lived compared with Apple’s—as a key underlying cause for its sensitivity to intel-
lectual property laws.?

This paper provides evidence that multinationals’ sensitivity to host-country intellectual
property protection is determined by the length of product lifecycles. I develop a global
sourcing model in which innovating firms in the North face imitation risk in the South. The
quality of intellectual property protection differs across countries and, though all products
eventually become obsolete, product lifecycle lengths vary across sectors. The model offers
detailed predictions for the location and sectoral composition of multinational activity which
find robust empirical support in a comprehensive dataset on U.S. multinational firms.

In the model, innovating firms make production and location decisions for products with
industry-specific lifecycle lengths that are technologically determined. Production requires
both a headquarters input and a mobile manufacturing input, and the latter may be located
in either the North or the South. Firms enjoy lower wages when manufacturing in the South,
but patents there are poorly protected compared with in the North. This affects location
decisions, because manufacturing requires the use of proprietary knowledge; the act of man-

ufacturing exposes this knowledge to local entrepreneurs, enabling imitation to arise where

!Criscuolo, Haskel, and Slaughter (2010), Doms and Jensen (1998), UNCTAD (2005).
ZNational Science Board (2010).
3Based on conversations with a senior research engineer at Solar Junction.



manufacturing occurs. Importantly, the risks and expected losses associated with imitation
depend on both the quality of local patent laws and on products’ remaining economic life-
times. The sourcing trade-off thus evolves over the product lifecycle.

I show that firms follow a sector-invariant optimal sourcing rule, whereby production
moves to the South when products reach a critical time-to-obsolescence cut-off. Improve-
ments to patent protection in the South increase this cut-off. Because products with lifetimes
shorter than the cut-off will always be manufactured in the South, patent reforms will have
no effect on sourcing decisions in fast-turnover industries. By contrast, the manufacture
of longer-lived products will be offshored to the South earlier in the lifecycle following the
reform, increasing multinational activity in these sectors. Moreover, the response to patent
reforms is a non-monotonic function of product lifecycle lengths, and is most pronounced in
intermediate lifecycle length sectors. Intuitively, this is because the increase in the sourcing
cut-off affects the manufacturing location only for marginal product varieties, the measure
of which is highest in sectors with intermediate product lifetimes. These comparative statics
also hold in the cross-section of countries with different levels of patent enforcement. Finally,
I show that all of these effects are concentrated among relatively less-productive firms.

I find strong support for these predictions in a panel of affiliate-level data on U.S. multi-
national firms from the Bureau of Economic Analysis. The dataset spans 92 countries and
37 industries during 1982-2004. I empirically evaluate how interactions between a country-
level index of patent strength and a sector-level measure of product lifecycle lengths predict
patterns of multinational activity. I explicitly control for differences across sectors in prod-
uct complexity (R&D intensity), which affects imitation costs, as well as for host-country
corporate tax rates. Using cross-sector variation in product lifecycle lengths, I am able to
identify the influence of patent laws separately from that of other host-country institutions
and overall economic development as proxied by GDP per capita.

To test the model predictions, I develop a new measure of product lifecycle lengths using
information contained in patent records from the NBER U.S. Patent Citations Data File.
The measure is based on the idea that the duration of citations received by patents reflects
the lifetime of technologies embodied in products. I construct the average citation lag for
each patent within over 400 unique U.S. patent classes, and use moments of the class-specific
average lag distributions as sector-level proxies for product lifecycle lengths. Host-country
patent laws are measured with a widely-used index of patent protection developed by Gi-
narte and Park (1997) and extended by Park (2008).

Figures 1 and 2 offer motivating evidence that product lifecycle lengths significantly in-



fluence the sensitivity of multinational activity to host-country patent laws. The figures
compare the distribution of affiliate sales between countries with weak and strong patent
regimes (Figure 1) and within reforming countries over time (Figure 2). It is apparent that
patent reforms induce a significant compositional shift across sectors with different product
lifetimes: fast-turnover sectors account for a smaller share of affiliate sales when patent laws
are relatively strong, while intermediate sectors account for a larger share.

Five main results emerge from the empirical analysis. First, relative to fast-turnover
sectors, sectors with long product lifetimes are significantly more likely to locate affiliate
activity in countries with strong patent protection than in countries with weak patent pro-
tection. Second, conditional on hosting any multinational activity in a given sector, levels of
affiliate sales, assets, and employment respond to patent strength according to the sector’s
product lifecycle length. In particular, sensitivity to patent protection follows a curve that
is low in short-lifecycle sectors and high in long-lifecycle sectors, with the largest effects in
sectors near the 75" percentile of the distribution.

Third, separating the industry-level responses along the extensive and intensive margins,
I find that the pace of product turnover is again an important determinant of both. Con-
sistent with the predictions of my model, stronger patent laws both attract more affiliates
(extensive margin) and expand the size of existing affiliates (intensive margin) in sectors with
long product lifecycles, with the largest effects in sectors with mid-length lifecycles. This
finding is important from a Southern welfare perspective, because it reveals that stronger
patents attract new affiliates, expanding not just the level but also the scope of local indus-
trial activity. This latter effect strongly suggests that better patent laws attract greater levels
of technology transfer in long-lifecycle sectors. Fourth, I verify that firm-level responsiveness
to patent laws is more pronounced among the affiliates of low-productivity parents. Finally,
combining data on U.S. exports and multinational activity, I show that patent reforms tilt
cross-border activity away from exports and toward multinational activity in sectors with
relatively long product lifetimes.

These results suggest that incorporating heterogeneity in product lifecycle lengths across
industries can rationalize the systematic variation in multinational activity across sectors
with different rates of product obsolescence and across countries with different levels of
patent protection. This differential sensitivity to patent laws is also economically significant.
A one standard deviation improvement in measured patent protection attracts between 10
and 20 percentage points more multinational activity in the 75"-percentile sector than in the

10th-percentile sector by product lifecycle lengths. Similarly, the effect at the 75'"-percentile



exceeds that at the 95"-percentile sector by nearly 10 percentage points. These magnitudes
are two to four times larger than comparative statics for other sector-level determinants of
multinationals’ sensitivity to patent reforms such as R&D intensity, and hold after account-
ing for cross-sector differences in labor and capital intensities as well as plant-level returns
to scale.

My paper is related to several different literatures. The analysis contributes to a growing
body of work that empirically evaluates the influence of intellectual property rights on foreign
direct investment and technology transfer. Using a dummy for a sector’s technology inten-
sity and cross-section survey data on direct investment in Eastern Europe and the former
Soviet Union, Javorcik (2004) finds that stronger patent rights encourage firms to establish
subsidiaries in high-technology sectors. Branstetter, Fisman, and Foley (2006) and Branstet-
ter et al (2010) examine firm-level responsiveness to patent reform events during the 1980s
and 1990s; they find that the patent reforms are associated with increased intrafirm royalty
payments and local affiliate activity among U.S. multinationals, with the largest effects in
high-patent firms. However, concurrent policy reforms and the high degree of correlation
between measures of patent protection and general economic development pose a substan-
tial challenge to empirical studies of this nature.* I build on the foundation of these prior
analyses by introducing systematic, continuous variation across sectors in product lifecycle
lengths, a dimension that determines sensitivity to local patent laws but not to general in-
stitutions or economic development. This variation enables me to isolate patent laws’ casual
influence on multinational activity, even in the presence of concurrent policy reforms.’?

The theoretical model in this paper is closely related to an extensive literature on inter-
national product cycles, which has developed following Vernon (1966) and includes contri-
butions by Krugman (1979), Helpman (1993), and Antras (2005). These models evaluate
the process by which the manufacture of products shifts from the North, where innovation

occurs, to the South, where manufacturing costs are lower. Similar to the model in Antras

4As will be described in section 4, measuring the effect of patent laws in a standard regression set-up
will result in estimates reflecting multinationals’ responsiveness not only to patent laws, but also to the
quality of other institutions and levels of economic development. Importantly, binary categorizations such as
patent-intensity or technology-intensity do not mitigate this concern, because high-patent or high-technology
firms are likely to be more reliant on factors that are relatively abundant in countries with higher levels of
general economic development, such as skilled labor.

SBilir, Moser, and Talis (2010) apply a different strategy to identify the impact of the Paris Convention,
the first international patent treaty, on technology transfer to the United States. Rather than using countries’
individual accession dates, which are correlated with the timing of domestic reforms, they use U.S. accession
and find that existing members disproportionately increased U.S. patenting in response to strengthened
rights.



(2005), my model emphasizes the voluntary nature of firms’ production location decisions,
allowing relocation timing to be endogenously determined. My theoretical departure, rela-
tive to this prior literature, is the introduction of cross-industry variation in the economic
durability of products and ideas.

My results complement prior studies that have investigated differences across industries
in the importance and effectiveness of patent protection. Firm-level surveys (Mansfield 1981,
Levin et al 1987, and Cohen, Nelson, and Walsh 2000) and other analyses (Schankerman
1998, Harhoff 2000, Arora et al 2003, and Moser 2003) reveal large differences in the effec-
tiveness of patents as a means of appropriating the returns from innovation, with patents
conferring exceptionally effective protection in the chemical and pharmaceutical industries.5
I incorporate this insight into my analysis with an additional test, and show that my results
indeed hold with greater strength in sectors for which patents have been found to be effec-
tive.

My work also relates to an emerging literature that documents Schumpeterian creative
destruction at the product level. Analyzing entry and exit rates among household and
consumer goods, Broda and Weinstein (2010) discover substantially higher rates of prod-
uct turnover within knowledge-intensive sectors relative to non-technical sectors. Bils and
Klenow (2004) find similar evidence based on the frequency of price changes in the Consumer
Price Index across sectors due to discontinued products.” By contrast, I focus on product
obsolescence more broadly defined, since the intellectual property relevant for imitation may
span multiple versions of a product during its lifecycle.

Finally, this paper contributes to a line of research examining the impact of institu-
tional frictions on foreign direct investment. Recent empirical studies have emphasized the
influence of financial development, investor protection laws, and contractual imperfections
on multinational activity (Antras, Desai, and Foley 2009; Manova, Wei, and Zhang 2010;
Bernard, Jensen, Redding, and Schott 2010; Antras, Garicano, and Rossi-Hansberg 2008;
Antras 2003). Others have suggested that the effects of these imperfections are acutely felt by

SNumerous factors have been proposed as contributors to the observed cross-industry differences in patent
effectiveness, including the ability for competitors to legally circumvent patents, the complexity of products,
the cost of product development, and the pace of technological change. In this paper, I emphasize the last
of these factors, building on observations made by previous innovation scholars (Moser 2003, Schankerman
and Pakes 1986) that the majority of patented products become obsolete well before associated patents
expire. These observations imply that the duration of a patent-based monopoly is, on average, an industry
characteristic rather than a uniform legal standard. See also Burk and Lemley (2009) for an excellent
discussion and review of this evidence.

"In addition, cross-industry differences in product churning and trade flow duration are also documented
in Manova (2007) and Besedes and Prusa (2006a, 2006b).



innovative firms, particularly those seeking to manufacture cutting-edge technology abroad
(Antras and Helpman 2004, Nunn and Trefler 2008, Antras 2005, Davidson and McFetridge
1985).

The rest of the paper presents my theoretical and empirical analysis. In section 2, I
develop a global sourcing model with innovating firms that face imitation risk. After de-
scribing the data in section 3, I outline the estimation approach that will be used to test
the model’s predictions in section 4. In sections 5 and 6, I describe the empirical results.

Section 7 concludes.

2 Motivating Theory

The model developed below investigates the global sourcing trade-off between imitation
risk and production costs from the perspective of a multinational firm. Specifically, the
model formalizes the idea that this trade-off evolves over the product lifecycle, and that
sourcing decisions thus hinge on both host-country characteristics and the rate of product
obsolescence. To highlight the theoretical predictions that I will test in the empirical analysis
to follow, I present a partial-equilibrium analysis with two countries. At the end of the
section, I show how the results from this baseline model extend to settings with multiple

Southern countries and heterogeneous firms.

2.1 Demand

There are J sectors, each with a continuum of differentiated product varieties. Aggregate
consumption of sector-j goods is Dj, and consumers in all countries share the following

preferences over varieties in the J sectors

M; 1/p
. J o—1
v=[[pr > w=1 Dj:(/o d;’kdk) L pE——<1 o>, (1)
J J

where M; is the measure of varieties produced in sector j. A property of this preference
function is that consumers will spend a fixed fraction of expenditures on each type of good.

This, combined with the consumer’s optimality conditions, implies that demand for a sector-
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pir\ o Y \
) e () e, @)

djr, = D; (? =P | pis
J j

1
where P; = [ fOMj pjl.,;"dk’] 7 is the price index for industry j and Y is total expenditure. To
highlight the effects of cross-sector variation in product lifecycle lengths, I assume preferences

are symmetric across industries, pu; = p, j =1, ..., J.B

2.2 Production

Time is continuous. At every moment, firms in each sector produce differentiated varieties
k and sell to consumers in both the North and the South, symmetric countries that are
each of size 1. T assume innovating firms pay a one-time fixed cost f; to develop a new
variety in sector j, thereafter enjoying a monopoly until the variety is either imitated or
becomes obsolete.!? Sectors are distinguished by the pace of product obsolescence, which
I assume is determined by exogenous underlying technological developments specific to
each industry.!’ Product lifecycle lengths T} thus vary across sectors, but are shared
by all sector-j products. This means that once a sector-j variety has reached a market
maturity of 7} years, it becomes obsolete and is of no further economic value to consumers.
Any intellectual property and imitation products associated with the retired variety also
immediately become obsolete. This approach builds on observations made by previous
innovation scholars (Moser 2003, Schankerman and Pakes 1986) that the majority of

patented products become obsolete well before associated patents expire, implying that the

8 As usual, in the background of this partial equilibrium setting is a traded numeraire good that enters
quasi-linearly into utility and is always consumed in positive amounts. See also note 9.

9These symmetry assumptions are made for simplicity. Assuming instead that the Northern market
is larger than the Southern market will not affect the qualitative predictions of the model, provided that
consumers in both countries demand at least a small amount of each variety. However, a related possibility
is that relative market sizes vary across industries (i.e. preferences are non-homothetic). While beyond the
scope of the present model, I include sector (or sector-year) fixed effects in my empirical analysis to ensure
that my results are robust to this consideration.

10Gimilar to Grossman and Helpman (1991), I assume that any two firms producing the same variety engage
in Bertrand competition. As a result, at most one Northern firm will produce a given variety. Southern
imitators, on the other hand, will enjoy lower marginal costs than innovating firms. Circumstances will thus
arise in which pursuing imitation is an economically attractive investment for Southern entrepreneurs.

1What is important for my empirical analysis is that the product lifecycle lengths of U.S. firms do not
respond significantly to changes in the patent laws of foreign countries. Taking product lifecycle lengths as
technologically determined is a simple way to ensure this in my model, though it is a stronger assumption
than I need for the empirical analysis.



duration of a patent-based monopoly is, on average, an industry characteristic rather than
a uniform legal standard.

To keep things simple, I also treat the rate of new product entry as exogenous, and
assume that it is constant and equal to the rate of product obsolescence in each sector.
This implies that obsolete varieties are immediately replaced by new innovations, leaving
unchanged and exogenous the overall measure of varieties per sector, M;, which I normalize
to 1 for all sectors j.'2 I will discuss the implications of endogenous entry in later notes,
but since my aim is to evaluate the sourcing decisions of innovating firms in response to
the strength of Southern patent laws, this assumption is reasonable provided that Northern
multinationals make innovation decisions primarily on the basis of Northern patent laws.
Finally, notice that under my assumptions, the distribution of product maturities will be

uniform with density 1;(t) = 1/7; in each sector j.

Innovating Firms

Consider a sector-j firm that is able to produce a particular variety k. To produce, the
firm combines headquarters services x; and manufacturing x; according to a Cobb-Douglas
production technology ¢ = Az¢x;™*, where A = a=%(1 — a)~=% for convenience. Both
inputs require a unit of labor, but only the manufacturing input is mobile—innovating firms
locate permanent headquarters in the North and thus source z;, in the North,'® but at any
time may choose to costlessly shift manufacturing activity z; to an affiliate in the South,
where wages are lower: w® < w" where w® denotes Southern wages and w” denotes Northern
wages.' Final goods are sold in both the North and the South, and I assume transport costs
are negligible.'?

At each point during a product’s lifetime, the firm makes a joint production and location

2In the empirical implementation of the model, I will include sector fixed effects that absorb M; as well
as any other fixed characteristics that differ across sectors.

13This is essentially an assumption that the North has a significant comparative advantage in managing
innovation and R&D (see Antras 2005 and Antras and Helpman 2004), which is in line with evidence that the
vast majority of worldwide R&D and patenting take place within OECD countries (OECD 2004). Imitators
will not face this constraint, however, because they need not perform original innovation.

1Because the model provides a theoretical motivation for how international investment will respond to
patent reform events in the medium term, I do not include longer-run considerations such as endogenous
increases in Southern wages and Northern innovation rates. These general equilibrium effects are of clear
theoretical and practical importance (Grossman and Helpman 1991) viewed from an aggregate perspective,
but we lack sector-specific evidence detailing their influence across industries. I do establish in section 6
that the empirical results are robust to including country-year fixed effects, however, which would absorb
any such changes under the model assumption that all industries face a common wage.

15Tn the Appendix, I consider an extended version of the model that includes both transport costs and
fixed costs of establishing a foreign subsidiary. I find similar cross-sector predictions using either approach.



decision. As a monopolist, the firm maximizes profit by solving max,, ., pq — w™z, — w'z

when manufacturing in country . Optimality implies that firms manufacturing in the North
will charge prices pV and earn per-period revenues r¥ and profit 7%V in each country as

follows N

N_ W N _ (P)"_l N _ N
=—, r=A— ,  m =r"(1—p). 3
=2 aa (1) g
Similarly, when products are manufactured in the South, prices are lower and per-period
revenues and profit earned in each country are higher
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Notice that 7" denotes the profit a firm makes in either market (North or South) when it
locates production in country i € {N,S}.

The innovator’s monopoly power may be disrupted by imitation, however, and the
risk of imitation is directly related to its manufacturing location. I assume manufacturing
requires revealing proprietary information to assembly-line employees, and that this
technology transfer in turn enables local entrepreneurs to more readily obtain access to the
information.'® Without access to this information, I assume potential imitators are unable
to properly reverse-engineer patented products, preventing imitation even where intellectual
property rights are weak. Cross-border access to this product-specific know-how is assumed
to be prohibitively costly, so that imitators are constrained to pursue only those varieties
that have been locally manufactured.

The risk of imitation affects innovators’ sourcing decisions, because successful entry
by an imitator may result in profit losses. Specifically, innovating firms competing with
an imitation product capture only a fraction of the per-period profit described in (3)
and (4). This fraction depends on the quality of local patent enforcement, which I
summarize with a pair of country-specific indexes £y and &g, as in Grossman and Lai
(2004). &; is the probability that a country-i patent will be enforced at any point in time,
but could be equivalently interpreted as the fraction of territory in which patents are

enforced. I assume that patents are perfectly enforced in the North, but not in the South:

16This proprietary information is distinct and complementary to that available by observing the final
product and its associated patents, and can be accessed only by individuals outside the firm by interacting
with employees familiar with the proprietary information or by observing the production facility. The
assumption that acquiring proprietary information is less costly when it is in active local use is supported by
recent evidence that former multinational employees are a significant conduit for technology transfer between
multinational and domestic firms (Poole 2009).



&v = 1 and & < 1. Only where a patent fails to be enforced may imitation products

directly compete with innovators. Hence, imitation products may only be sold in the South.!”

Endogenous Imitation

A fringe of potential imitators exists in both the North and the South. Any imitator with
access to the proprietary information necessary for production can invest ¢ to begin reverse-
engineering a product. As in Grossman and Helpman (1991), Glass and Saggi (2002), and
elsewhere, I assume the time to imitation success m is uncertain and that success arrives at a
constant Poisson rate. For simplicity, I also assume the arrival time is restricted to a known
interval [0, ], implying m follows a uniform distribution over this period.'® Imitation effort
thus may or may not generate an imitation product within the targeted variety’s lifetime.

When an imitator successfully enters a market with imperfect patent protection, it en-
gages in Bertrand competition with the innovating firm wherever patents are not enforced,
until the variety becomes obsolete (Grossman and Helpman 1991). Imitators produce final
goods with the same production technology as innovating firms, but source headquarters ser-
vices locally and thus have marginal costs w®. This implies that only Southern entrepreneurs
have an incentive to imitate products, because only they enjoy lower production costs than
Northern multinationals. With this cost advantage, Southern entrepreneurs can profitably
capture a market if patents are not enforced by charging a price just below the original
innovator’s marginal cost. In this scenario, successful imitators’ prices, per-period revenues,

and per-period profit will be

= = (@) =it (1 e

(5)
If patents are enforced, but only imperfectly (0 < £ < 1), imitators will charge p;, as above,
but will earn only a fraction (1 — &) of profit 75 .

By comparing imitators’ expected profit with the cost of entry ¢, it is possible to determine
which products will be selectively targeted by imitators, in turn influencing the sourcing
decisions of Northern firms. Whether a potential imitator with access to the proprietary
information will choose to pay ¢ to pursue imitation of a particular variety of maturity ¢
depends on a) the maximum per-period profit from imitation 75 | b) the variety’s remaining

m?

17See Grossman and Lai (2004) for further discussion.
18To reduce the taxonomy of cases, I also assume that m > max;{T}}, so that the time to imitation success
is relatively uncertain compared with product lifecycle lengths.

10



economic lifetime 7; = T; —t, and c) the strength of intellectual property institutions in both
markets, £y and g, defined above.

Assuming that there is no time discounting, imitators will have an incentive to reverse-
engineer a sector-j product of maturity ¢ whenever the net present value of doing so exceeds
the fixed cost of imitation c¢. This will be true whenever the following inequality holds

T —t)

(1— fg)wﬁnE[maX{O,E —t—m}=(1- fg)ﬂ';s;n( > c. (6)

2m
Equation (6) shows that an imitator will earn a profit flow (1 —&g)m;,, for a time T; —t —m

_ 75'19

if reverse-engineering succeeds prior to obsolescence, that is if m < Tj The expression

(6) implies that all products with at least

7(es) = (L))/ 7)

min (1 —&s

time remaining until obsolescence will face imitation risk if Southern imitators obtain the
proprietary know-how necessary for production, which can occur once the innovating firm

has offshored manufacturing to the South. On the other hand, it is apparent that:

Lemma 1: Products in industries with T; < 7(£s) do not face imitation risk. Longer-
lived products that have only been manufactured in the North and are sufficiently mature

(t >T; —T(&s)) similarly face no imitation risk when production shifts to the South.

2.3 The Product Cycle

Firms in each sector will make profit-maximizing production and location decisions, taking
into account differences in intellectual property institutions and associated imitation risks
across countries. But as shown in (6), imitation risk will not affect firms in all industries

equally. Knowing this, a sector-j firm will select the optimal product maturity ¢ € 0,T;] at

9Because m is uniformly distributed on [0,7] with m > max;{7}}, the truncated expected value of

L _+)2
T, —t—mis (Tgmt) .
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which Southern production will begin by maximizing the following lifetime profit function

27Nt + 27° E[min{T; — t,m}]
IL(t) = +(1 + &5)m° E[max{0,T; —t —m}], ift <T; —7(&s) (8)
2nNt + 275 (T — 1), ift>T; —7(&).

Equation (8) reveals the effect of imperfect patent enforcement in the South on Northern
multinationals’ sourcing incentives. The first case shows that relocating production
to the South at maturity ¢ when the product has a relatively large lifetime remaining
(IT; —t > T(&s)) exposes the firm to imitation risk and the associated chance of profit
reductions. Selling to both markets, the firm earns 27" with certainty until relocation
at time ¢, but once manufacturing in the South begins, imitation occurs at an uncertain
date t + m. The firm earns full profit 27° for the length of time m if imitation precedes
obsolescence, and for T; — ¢t otherwise. In the former case, once imitation has occurred,
profit will then be 7° only where patents are enforced, namely in the Northern market and
in a fraction £g of the Southern market; the resulting post-imitation profit is thus (14 &g)7°.
In contrast, the second case in equation (8) shows that when relocation is postponed until
a product has fewer than 7(£g) remaining years before obsolescence, the product does not
face imitation risk. A direct implication of this is that fast-turnover products and relatively
mature products face no imitation risk, and thus are sourced in the South where production

costs are lower. I summarize this observation in Lemma 2:

Lemma 2: Products in industries with T; < T(&s) are always manufactured in the
South. In all other industries, production is shifted to the South at a maturity t no greater
than T; — 7(£s).%°

In (8), maximization of IL;(t) over possible relocation maturities ¢ reveals a time-to-
obsolescence sourcing cut-off 7%({s) = T; — ¢} that is invariant across sectors with different
product lifecycle lengths. Varieties with less than 7%(£g) time remaining before obsolescence
will be manufactured in the South, while all other varieties will be manufactured in the

S

North. The value of this cut-off depends on g, innovators’ ¥ and 7°, and imitators’ 75

20As described at length in Vernon (1966) and more recently in Antras (2005), there are reasons aside
from imitation that might lead a firm to initially source production in the North and later in the South.
For example, the headquarters-intensity of production may decline over the product lifecycle as in Antras
(2005). This force is orthogonal to the imitation-based mechanism I describe.

12



m, and c. Specifically, it can be shown that innovating firms will produce in the South

only at maturities high enough to avoid imitation risk 7*({s) = 7(&s) when (”S;—S”N)2 <

(1—E&s) QJ 5 .21 Intuitively, this condition holds when the profit advantage of manufacturing

in the South (

hand, if the advantage of Southern production is high compared with losses from imitation,

%) is low relative to profit losses caused by imitation (1—£&g). On the other

that is, if (”SW_S”N 2> (1- 55)27;5, firms will also manufacture less-mature products in the

South: 7*(&s) = %Zm > T(€s). I summarize these results in the following equation,

which shows that the sourcing cut-off is

T L S L )
§) = S . S__N o
(> (1 )

m

where T(£g) is defined in (7). It can be shown using (9) that %(53) > 0, hence the sourcing
cut-off is increasing in the strength of Southern patent protection £g. Notice that only in the
bottom case described in equation (9) will imitation occur in equilibrium: 7*(&g) > 7(&s). 1
focus on this case in the remaining analysis.??

Equation (9) implies that products will be manufactured in the North for max{0,7; —
7*(€s)} time, and in the South for max{7}, 7*({s)} time. Because the age distribution of
products within a sector is uniform with density v;(¢) = 1/7}, this further implies that the

measure of products manufactured in the North is

max{0,T;—7*(£s)} max{0,T;—7*(£s)} 1 (53)
N;(€s) E/ W;(t)dt :/ —dt = max{0, —},
0 0

T; T

which is weakly increasing in 7;.%* 1 summarize this result in Proposition 1:

Proposition 1: The measure of sector-j products manufactured in the North N;(Es)
is (weakly) increasing in product lifecycle lengths Tj. N;j(Es) is zero for industries with

T; < 7(&s), and is strictly increasing in T; for all other industries.

21These results are based on the maximization of (8) with respect to t. Because 7(£g) is a lower bound
for 7*(£g), the optimal cut-off is either 7*(£s) = 7(€s) or bigger. The optimum of the first case in (8) is

7l's—71' 7TS—7T

QO, which exceeds 7(§s) when (— 2> (1— 55)2m7r

22The existence of imitation in equilibrium relies, in part, on my earlier assumption that m is uncertain
to both imitators and innovators.

23Note that because T; is fixed in each sector, the dependence of N;(£s) on Tj is simply reflected by the
subscript j on N;(&s).
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The steady-state distribution of N;(£s) across sectors is illustrated in the top panel of Figure
3. I plot N;(£s) as a function of sectors’ product lifecycle lengths T at two different levels
of Southern patent protection, s (solid) and &4 (dashed), with £ < &§.

In expectation, Southern affiliates in sector-j earn aggregate revenues R;(£s) as follows,

obtained by integrating variety-specific revenues over the distribution of product maturities

T;

R;(&s) = / (2% (1 = fim (1)) + (1 + Es)rRam (1)) ¥ (1) dt, (10)
max{0,T;—7*(£s)}

where 1;(t) = 1/T; is the density of product maturities and r;,,(f) is the probability that a

maturity-t product has been imitated. After some simplification, the expression above can

be reduced to

QTSa ,I’] < ?(55)
Ry(gs) = {28 (1= 32 ) + (14 €5) -5 32, T € [7(gs) 7 (&s)] (1)
2r° - (T*%S) - T;%TS_32> + (14 &) -r°- ‘T;%§_327 T; > 7 (&s).

The first case in (11) shows that Southern affiliates earn full revenues 2r° in industries with
the shortest product lifecycles, because they are never imitated. In the second case, products

are always sourced in the South but face imitation risk; it is apparent that at any moment,
a fraction g—% have been imitated and thus earn only (1 + &g)r®. In the third case, products
have longer lifetimes and only a measure 7*(£s)/1; are manufactured in the South at any

T*(£5)?
ImT;

time; of these, a smaller measure have been imitated and earn only (1 + £g)r®.

2.4 Response to Improved Intellectual Property Rights

Suppose the South enacts a policy change that improves local patent enforcement from &g to
&g > Eg. Increases in &g reduce the product maturity at which manufacturing in the South
optimally begins. This is evident by observing that 7*/({s) > 0 in equation (9).

A straightforward implication of Proposition 1 is therefore that the difference in the

measure of varieties sourced in the North at s and at {§ > £s depends on T as follows

0, T; < 7(&s)
N;j(€s) — Nj(€s) = T]%J({S), T; € [t*(&s), T*(£5)] (12)
7'*(5%);;*(53)’ T] > T*(ng)
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I plot N;(£s) — N;(€s) in the middle panel of Figure 3. This extensive-margin effect can be
interpreted as the measure (level) of varieties that is immediately offshored to the South
following the patent reform.?* In fast-turnover industries with product lifecycles shorter
than the original sourcing cut-off (7; < 7%(s)), firms will not respond to the reform; in
these industries, varieties were already manufactured in the South for their full lifetime
at {s and will continue to be at £. In industries with longer product lifecycle lengths
T; > 7%(&s), however, firms shift the manufacture of marginal varieties to the South.
Marginal varieties are the subset of products with between 7%({s) and 7%({5) remaining
years before obsolescence, and are thus found only in industries with 7; > 7*(£s). The
measure of marginal varieties is increasing in 7 for T; € [7*(&s), 7"(£5)], and is decreasing
for T; > 7%(&5). N;(&s) — N;(&%) is thus a non-monotonic function of 7;.%° This result is

summarized in Proposition 2:

Proposition 2: The increase in the measure of sector-j varieties manufactured in the
South N;(&s) — N;j(&s) following a patent reform from Eg to & is a non-monotonic function
of T;. Specifically, it is zero for T; < 7*(&s), increasing for T; € [1%(s),7(£5)], and
decreasing for T; > 7(€5). The largest impact will occur in the industry with T; = 7 (&5).

Revenues earned by Southern affiliates are impacted both because of newly-shifted man-
ufacturing activity and because existing imitated varieties capture a larger share of Southern
sales under the stronger patent regime. Building from equations (11) and (12), it is apparent

that the change in industry-j revenues earned by Southern affiliates following a Southern

24Notice that this effect may also be interpreted as a change in the fraction of offshored varieties in sector
j. My empirical approach, described in section 4 below, is consistent with either interpretation, because all
regressions include sector fixed effects that absorb the overall size of each industry.

25The non-monotonicity prediction of the model also holds under weaker assumptions. In particular,
when I introduce random noise around the sourcing cut-off 7*(£g) so that it varies across sectors, I still find
that firms in the shortest-lifecycle sectors do not respond to patent reforms, while firms in longer-lifecycle
sectors on average respond by expanding activity, with intermediate sectors exhibiting the largest expansion.
However, at upper values of T, the predicted shape of the response (as a function of T;) depends on the
underlying distribution of product maturities within each sector. The true shape across high-T' sectors is
therefore an empirical question that I resolve in my analysis to follow.
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patent reform from &g to £ depends on Tj

(

0, T; <7(&s)
r (6 =€) - g T € [7(&s), 7 (6s)]
Ry(€4) — By (6s) = e )
PEITIEI T g (oTere) (g —g) BEE) T e [r(gs), 7 (€))
7o (2T (g —gg) G T s (g,

The top line of (13) shows that Southern affiliates in the fastest-paced sectors will not
earn additional revenues following the patent reform. In these industries, there is no
new entry or revenue because there is no imitation risk under the pre-reform policy &g.
The second line of (13) considers industries with product lifetimes between the imitation
cut-off 7(£s) and the pre-reform sourcing cut-off 7*(£s). These products face imitation risk,
but nevertheless are manufactured in the South at all maturities, thus the reform has no
immediate effect for these products other than to raise the expected value of future profit.
Additional revenues are thus accrued only by firms with previously imitated varieties, of
which a fraction g—% exist at any moment. Under the improved patent policy, these varieties
enjoy patent protection in a larger share £ of the Southern market than before. The third
line shows that for slightly longer-lived products, with lifecycle lengths between pre-reform
and post-reform sourcing cut-offs, affiliate revenues will rise due to both new product entry
and improved patent protection for already-imitated products; empirically, these separate
effects will generate movement along extensive (number of affiliates) and intensive (size of
existing affiliates) margins, respectively, but together impact industry-level revenues R, as
shown in (13). As described in equation (12), a measure N;(§s) — N;(&s) = LT (Es) of

T;
varieties in industry j will shift production to the South following the reform, where they
will earn full revenues 2r°. In addition, the fraction of already-imitated varieties %

will earn higher revenues. The fourth line of (13) shows that the mass of entrants defined
in (12) is bounded by the new sourcing cut-off 7*(&%).

It can be shown that the change in sector-j revenues earned by Southern affiliates
R;(&5) — R;(&s) is a non-monotonic function of Tj, increasing for T € [7(£s), 7"(&s)] and
decreasing for T} > 7%(£4), implying that the largest response to the patent reform is in the
industry with 7; = 7*(£5). I illustrate R;(£5) — R;(£s) as a function of 7; in the bottom
panel of Figure 3. The testable implication of this result is that the response to patent
reforms, measured by the sector-level increase in affiliate sales in the South after the reform,

will follow a non-monotonic function of sectors’ product lifecycle lengths with the peak
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impact on industries with mid-length product lifecycles. I summarize these points in the

following proposition:

Proposition 3: The change in revenues earned by Southern affiliates in sector-j fol-
lowing a patent reform from &g to &g, R;(€s) — R;j(&s), is a non-monotonic function of T;.
Specifically, it is zero for T; < T(&s), increasing for T; € [T(&s), 7*(€5)], and decreasing for

T; > 7*(&5). The largest influence on sourcing will occur in the industry with T; = 7 (£5).

2.5 Multiple Southern Countries

Intellectual property rights vary both within countries over time and across countries.
Qualitatively identical predictions to those described above apply to comparisons in the
cross-section between countries with different levels of patent protection. Suppose that
there are two Southern host countries, each of size 1 with prevailing wage w?®, that are
identical but for different patent institutions s and &5, with £ > &g as above. Proposition
1 applies to these countries collectively. In particular, it is simple to show that, similar to
(12), the measure N;(&s) — N;(&s) of varieties manufactured only in the stronger-patent
host country will be a non-monotonic function of 7;. And, comparing total affiliate revenues
in the stronger-patent host country R;(£s) with affiliate revenues in the weaker-patent host
country R;({s) reveals a difference analogous to (13) and similarly non-monotonic in 7}.

This leads to the following result:

Proposition 4: The differences a) between the measure of sector-j varieties manufac-
tured in the host country with stronger patent protection g versus in the host country with
weaker patent protection £s, N;(£s)—N;(€s), and b) between the revenues earned by Southern
affiliates in sector-j in the host country with stronger patent protection s versus in the host
country with weaker patent protection s, R;(&s) — R;(€s), are both non-monotonic functions
of T;. Specifically, both differences are zero for T; < T(s), increasing for T; € [T(&s), 75 (£5)],
and decreasing for T; > 7*(£s). Both N;(£s) — N;(€s) and R;(&s) — R;(€s) are therefore
largest in the industry with T; = 7(£y).

2.6 Firm Heterogeneity

In the presence of firm-heterogeneity, patent laws will have differential effects on sourc-

ing decisions across firms with different productivity levels. Returning to the two-country
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North-South world, I assume that productivity differences across innovators can be summa-
rized by a positive firm-specific parameter ¢ € [pr, ¢x| that enters the production function
multiplicatively as in (Melitz 2003), ¢ = Appriz;, where A is defined as before. Firms
with higher productivity draws face correspondingly lower marginal costs, resulting in higher

revenues and profit whether manufacturing in the North

N o—1
N_ W N _ <P80k> N _ N
= — =\ , m =1 (1—p), 14
Py PR k wN k ke ( p) (14)
or in the South
N\« S\l1—« o—1
S (w ) (w ) S < PPk ) S s
— , re = )\ , L =7 1 — . 15
Pk PP k (wN)a(wS)l—a k k( p) ( )

Assume further that all imitators share a fixed productivity level (normalized to 1), but
are able to infer the productivity of innovating firms by observing market prices.?® Imita-
tors combine this firm-level information with observed product maturities to advantageously
target firms’ products. In some cases, the productivity of the Northern innovator is high
enough to offset the cost advantage of a Southern imitator, deterring imitation of the most-
productive firms’ products. Specifically, Southern entrepreneurs will have no incentive to
target an innovating firm’s product if they will be unable to undercut its price, thus a high
level of productivity protects against imitation. This can be seen by evaluating imitators’
prices, revenues, and profit following successful imitation of variety k, produced by a North-

ern firm with productivity ¢y

S

S
S _ .8 Prw
Timyor — Timygpy, <1 - (wN)a<wS)1—a> : (16)

1M, Pk

above ® will not be targeted by imitators at any maturity, regardless of Southern patent

In (16), 7 is only positive if ¢ < (%—ﬁ) = 1, so that firms with productivity draws

protection £g. This implies that low-productivity firms will be more sensitive to Southern

patent reforms than high-productivity firms will be. Restricting attention to firms with

26My assumption that Southern entrepreneurs do not inherit innovators’ productivity through imitation
is reasonable provided that the productivity of a multinational is composed of non-product characteristics
such as management quality, corporate structure, marketing, sales networks, and so on.
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Yr < P, imitators’ incentives to enter the Southern market are summarized by a time-to-

obsolescence threshold similar to (7)

8?(553 ka)
i,

> 0,

_ 1/2 _
o )> , or <P I7Cs. i) >0 (17)

?(55)@1@) = < S ags

that is increasing in both &g and (,.2” This implies that up to a point, high-productivity
firms can manufacture less-mature products in the South than low-productivity firms, with-
out facing additional imitation risk. The next proposition summarizes these implications of

firm heterogeneity:

Proposition 5: The differential effects of improved Southern patent protection are more
pronounced for relatively unproductive firms, because high-productivity firms with @, > @ do

not face imitation risk and therefore are not affected by the reform.

3 Data and Descriptive Statistics

3.1 Product Lifecycle Lengths

Measuring product lifecycle lengths by industry is an important step toward testing the
predictions of the model. To develop a suitable measure, it is helpful to first consider what
is meant by a product in the context of the model. In the model, a multinational firm must
transfer otherwise tacit proprietary information to its manufacturing facility for production
to occur. By assumption, the durability of this proprietary information is precisely aligned
with the market lifetime of the associated product: obsolescence strikes both the product
and the proprietary information required to produce it simultaneously. Implicit in this
view is a separability of proprietary information across product generations: the proprietary
information required to produce each new product must be distinct from that required
to produce any old product. This is important, because imitation will only be related to
sourcing if successive product generations are technologically distinguished enough to prevent
imitation of a new-generation product solely on the basis of an ability to imitate its obsolete

predecessor.

UJN

X
2TTo be exact, 7(£s, 1) is increasing in ¢ whenever <$) > p/ek. But since T(Eg, pr) only applies to

[e%
firms with <Z—Z) > ¢y, this is easily true assuming that ¢7 > p.
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Viewed this way, the critical difference across industries is not the time lapse between
versions of a product embodying a single innovative idea, but rather the durability of the
innovative idea itself, which may span multiple versions of the same product. Thus, although
direct measures of micro-level product creation and destruction are available for certain
household goods sectors (Broda and Weinstein 2010), I focus instead on the rate of technology
obsolescence as a proxy better-suited (from an imitation view) to the definition of product
lifecycle lengths described here.

My measurement approach relies on detailed information in patent records documenting
the timing of citations, whereby subsequent patents refer to an existing patent as relevant
prior art. The time lag between a citation date and the grant date of the cited patent tells
us when the patented information was relevant to a subsequent innovation. Similarly, the
sector-level distribution of patent citation lags reveals information about the durability of
patented technologies by industry, with long lags indicating that technologies exhibit lasting
relevance to future innovation.?® The duration of patent citations can therefore be used to
capture the rate of technology obsolescence, which is what 7" is meant to reflect in my model.
I use the simple average of each sector-specific citation lag distribution as my main proxy for
product lifecycle lengths.??:3% Further below, I also consider other moments of the citation
lag distribution and an alternative measure of technology durability.

I develop my primary proxy for product lifecycle lengths using the NBER U.S. Patent
Citations Data File (Hall et al 2001). Among other variables, the database records the
application date of every citing patent for each cited patent filed between 1976-2006. By
taking the difference between the application date of the citing patent and the grant date
of the cited patent, I construct the distribution of citation lags for each patent. To preserve

comparability across patents over time, I restrict attention to citations occurring within 15

28Long lags may also indicate technologies that are complex and difficult to reverse-engineer. I discuss the
empirical implications of this possibility in section 4.2 below.

29The validity of this measure rests on the assumption that the durability of patented intellectual property
is positively correlated with the durability of unpatented intellectual property.

30Previous work based on patent citation data has used the number of citations received by a patent
as a proxy for the its value (Hall, Jaffe and Trajtenberg 2001, Harhoff et al 1999, and Trajtenberg 1990),
while other work has attempted to capture the “generality” of patented innovations by measuring the range
of patent classes from which its citations originate (Moser and Nicholas 2004). But to my knowledge,
variation across sectors in the duration of patent citation lags has not been used before to measure the rate
of technology obsolescence or product lifecycle lengths. In principle, patent renewal data offer an alternative
source of information regarding the economic durability of a patented innovation; however studies based on
this data have thus far focused on renewals as indications of patent value rather than the economic durability
of the underlying technology. See, for example, Pakes and Simpson (1991), Schankerman (1998), and Bessen
(2008).
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years of the patent grant date for all patents.®® I then compute the average citation lag by

patent class, as defined by the cited patent:

N; N; -
fj ZAverage Lag, = Ni Z [ Z (t; — ty) ]
Nj k=1 J i=1

In the expression above, Average Lag, is the average forward citation lag for patent k,
based on subsequent patents ¢ = 1...n, that cite patent k as prior art within 15 years of k’s
grant date. A forward citation lag t; — t; is the time lapse between patent i’s application
date and patent k’s grant date. The sector-j proxy for product or technology obsolescence,
TA}, is the mean Average Lag across all patents £ = 1... V; belonging to class j. Notice that
I place no restriction on the patent class of citing patents, to allow for the possibility that a
patented technology may have relevance to downstream innovation not only within its own
class, but also for other patent classes.

Mapping this patent-based proxy for product lifecycle lengths YA} onto the BEA’s
industry classification involves using a publicly-available U.S. Patent and Trademark Office
concordance between U.S. patent classes and Standard Industrial Classification (SIC)
3-digit industry codes.?? In most cases, the mapping from patent classes to industry codes
is not one-to-one or many-to-many, but is many-to-one: many patent classes correspond to
a given 3-digit industry code. In these many-to-one cases, class-level measures are averaged
across all patent classes matched to the SIC code in question.?® My main empirical results
in sections 5 and 6 are based on this industry-level measure.

There is considerable variation in this measure across industries as shown in Figure 4.
In Table 2, I provide the industry names for the top five and bottom five industries, as
well as the five industries around the 75" percentile, ranked by my measure of product

lifecycle lengths. It is apparent that electronics, clockwork-operated devices, and computers

31T consider citations of all U.S. patents granted during 1976-1990, which allows me to observe a complete
15-year citation history for each cited patent. Grant dates of citing patents span 1976-2006.

32The USPTO’s concordance is between the U.S. Patent Classification System, as of December 2005, and
41 unique product fields based on the 1972 SIC. The concordance can be downloaded from the USPTO
website: ftp://ftp.uspto.gov/pub/taf/sic_conc/2005_diskette/

33For example, SIC 361 (Electric Transmission and Distribution Equipment), uniquely matches USPTO
Class 191 (Electricity: Transmission to Vehicles), however SIC 287 (Agricultural Chemicals) matches eight
separate patent classes: 568 (Organic Compounds), 514 (Drug, Bio-Affecting and Body-Treating Composi-
tions), 435 (Chemistry), 504 (Plant-Protecting and Regulating Compositions), 564 (Organic Compounds),
71 (Fertilizers), 987 (Organic Compounds), and 424 (Drug, Bio-Affecting and Body-Treating Compositions).
Some industries, for example those in the service sector, do not correspond to any patent classes, and are
therefore omitted from the analysis.
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have shorter product lifecycle lengths than machine products, shipping containers, and
non-electric heating equipment. A natural question is whether sectors with short product
lifecycle lengths are relatively innovation intensive; Table 2 shows that on average, fast-
turnover sectors indeed have higher R&D intensities, suggesting that this measure reflects
meaningful differences across sectors. I plot R&D intensity against 7} by sector in Figure
5, which reveals a negative correlation (-32%), but also indicates that these two sector-level
measures capture distinct industry characteristics.3* Correlations between 7/;] and other key
sector characteristics are as follows: capital-intensity, 2.7%; labor-intensity, -8.9%; patent

effectiveness, 2.2%; secrecy effectiveness, -1.0%.3°

Comparison with Other Measures of Technology Obsolescence

I compare my main proxy j\} with several alternatives that I incorporate into robustness
checks in section 6. First, I compare fj with related measures based on other moments
of the citation lag distributions described above. In particular, pronounced skewness in
patent values (Schankerman 1998; Allison and Lemley, 2004; Hall, Jaffe, and Trajtenberg,
2005) suggests that patents at the upper tail of each distribution are relatively successful
innovations that, as a result, may better reflect the durability of technology multinational
firms are concerned about protecting.®® Accordingly, I construct alternative proxies for T
based on the 75" and 85" percentiles of each citation lag distribution. At the patent class
level, I find a high degree of correlation between these measures and my main proxy f, (75t
percentile: 93%; 85" percentile: 88%).

As a second step, I compare YA} with measures of knowledge obsolescence and patent
duration that are based on patent renewal data. Prior research has used patent renewal
data to evaluate patent quality, the rate of depreciation of knowledge capital, and, relatedly,
the asset value of patents (Pakes 1986; Schankerman and Pakes 1986; Lanjouw, Pakes and
Schankerman 1998; Lanjouw and Schankerman 2004); this literature has also recognized
differences across industries in technology decay rates implied by renewals (Schankerman

1998; Bessen 2008). My measure is broadly consistent with the estimates in Schankerman

341 also compare my measure of product lifecycle lengths with the micro-level product turnover measure
developed in Broda and Weinstein (2010). Among the eight comparable sectors, the correlation between the
two measures is approximately 75%.

35Capital intensity and labor intensity are based on reported firm-level asset values, employment, and sales
from the BEA; patent and secrecy effectiveness are from Cohen, Nelson, and Walsh (2000).

36For example, Bessen (2008) finds that patents held by large firms are more valuable and of longer average
duration than patents held by small firms, individuals, and non-profit organizations—even though large firms
face higher patent renewal fees.
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(1998), which finds that technology decay rates are significantly higher in electronics and
mechanical equipment than in the chemical and pharmaceutical industries. Bessen (2008)
also finds higher implied patent values in the chemical and pharmaceutical industries,
compared with electronics and computers. However, direct comparisons between estimated
decay rates and YA“] are difficult because these estimates are available for broad technology
categories while my proxy YA} is available for hundreds of patent classes. I therefore construct
a simple alternative measure of average patent lifetimes by patent class using USPTO
renewal data and compare this with YA} (see the Appendix for details). I find an overall
correlation of approximately 30% between this renewal-based measure and fj, suggesting
that citation lag and renewal data, though distinct, capture overlapping information
regarding the durability of patented technology. Further detail on data construction and

the comparison across alternative measures of 7" may be found in the Appendix.

3.2 U.S. Multinational Activity Abroad

I use detailed 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
data provide information on U.S. parent companies and each foreign affiliate on an annual
basis.?” This analysis uses data from benchmark-year surveys, which are the most extensive
in both scope and coverage and are available for 1982, 1989, 1994, 1999, and 2004.%® Table 1
provides a summary of multinational activity during the five benchmark years by industry,
including total assets, employment, sales, and R&D expenditures across the countries and
industries in this study.

To analyze the influence of patent laws on global sourcing patterns, I use disaggregated

information on the sales, employment, physical assets, and R&D expenditures of multina-

37TAny U.S. person having direct or indirect ownership or control of ten 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 benchmark fiscal year in question is considered to have a foreign
affiliate. However, affiliates with total assets, sales, or net income (or loss) below $3 million that did not
own another affiliate were exempt from participating in the survey. Foreign affiliates are required to report
separately unless they are in both the same country and three-digit industry. Each affiliate is considered to
be incorporated where its physical assets are located.

38 A key advantage of the BEA data is its nearly complete coverage; in a typical benchmark year, the survey
accounts for over 99 percent of affiliate activity. In 1994, for example, participating affiliates accounted for
99.8 percent of total assets, 99.7 percent of total sales, and 99.9 percent of total U.S. FDI. This reflects
the requirement of participation for every U.S. person having a foreign affiliate. However, in certain cases
involving missing survey responses, the BEA data may instead report imputed values; these values are coded
accordingly and I exclude from my analysis all such observations.
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tional affiliates located in 92 countries.?® Affiliate sales are reported separately by three-digit
industry code, making it possible to categorize affiliate activity by primary industry. I also

compare affiliate sales with U.S. exports by sector using data from the U.S. Census Bureau.*’

3.3 Intellectual Property Rights Protection Across Countries

A proxy for the strength of patent protection across countries is provided by an index de-
veloped in Ginarte and Park (1997), and updated in Park (2008). This index is widely used

' The index documents the

because of its detailed construction and extensive coverage.*
strength of patent rights in five distinct categories: 1) extent of coverage, 2) membership in
international patent agreements, 3) provisions for loss of patent protection, 4) enforcement
mechanisms, and 5) duration of protection. Each category is given a score between zero and
one based on whether prevailing patent laws meet specific, objective criteria.*> The overall
index is the unweighted sum of these five sub-indexes, and thus ranges between zero to five,
with higher values indicating stronger protection. My main results are based on this overall
index; I also evaluate the importance of each individual sub-index in alternative specifica-
tions. A key feature of these indexes for this analysis is their availability during 1980-2005
for 122 countries, enabling the use of an inclusive sample of host countries and survey years.
Note that because index values are available in five-year intervals, I match the year of each

benchmark survey to the closest available index year. Summary statistics appear in Table 1.

4 Econometric Framework

The model presented in section 2 features specific predictions regarding the level and com-
position of multinational activity across countries with varied levels of intellectual property
protection, and across sectors with different product lifecycle lengths. In this section, I

describe the empirical approach used to test these predictions.

39Countries were included in the data set if a) any U.S. FDI was recorded in any of the benchmark years
and b) the patent rights index described below was available for the host country in at least two periods.

40Gector-level trade data may be obtained directly from the Census Bureau, or may alternatively be
downloaded from Peter Schott’s website, http://www.som.yale.edu/faculty/pks4/.

41GQee, for example, Qian (2007), Branstetter, Fisman, and Foley (2006), Javorcik (2004), McCalman
(2004), and Yang and Maskus (2001).

42For example, the enforcement mechanisms category was scored by adding binary indicators corresponding
to the availability of a) preliminary injunctions, b) contributory infringement pleadings, and ¢) burden-of-
proof reversals. A country with laws meeting all three criteria would receive a value of 1 for this category.
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4.1 Baseline Estimating Equation

Propositions 24 suggest that firms’ sourcing decisions respond to host-country patent laws
only in sectors with relatively long product lifecycle lengths. Among these industries, those
with intermediate product lifecycle lengths are predicted to be the most sensitive to patent
rights. Firms in industries with short product lifecycles are insensitive, however, because
the rapid turnover of products and ideas in these sectors reduces exposure to imitation
risk. To test these predictions, I estimate the following generalized difference-in-differences

specification
MNCyjr = o+ - IPRy+y - IPRy X Ty + 72 - IPRy X T7 + 1 + 15 + 1+ Xio + €550, (18)

where M NCjj; is a measure of multinational activity in country ¢ and industry j during
year t, IPR; is the patent protection index in country ¢ and year ¢, and T; represents
the product lifecycle length of sector j. The main coefficients of interest v; and 7, jointly
capture the differential influence of patent laws on affiliate activity across product lifecycle
lengths T;. The model predicts that «; > 0 and v, < 0, with magnitudes consistent with
the non-monotonicity prediction, as illustrated in the middle and lower panels of Figure 3.
Specifically, the combined effect v; - T} + 72 -Tj2 should be non-negative across the range of
T; in the data (6.5 to 11 years), and should reach a peak somewhere in the middle of this
range, that is Tpear = 57721 € 1[6.5,11].13

I estimate the baseline specification (18) with several measures of affiliate activity
MNCjj;. To test the affiliate revenue predictions of Propositions 3 and 4, I define M NC;j;
to be affiliate sales at the country-industry-year level. I also provide estimates using two
other measures, affiliate assets and employment, both proportional to affiliate revenue in the
model. These are of interest because without observing prices or quantities, it is unclear
how observed increases in affiliate sales map to actual affiliate expansion. The value of as-
sets and employment, however, are more likely to vary only with changes in affiliates” actual
output. In particular, estimates based on employment have a clean interpretation, because
employment is recorded as the number of full-time workers rather than a nominal value.

Finally, to decompose these industry-level effects along the extensive and intensive mar-

43 As described in Propositions 2-4, the peak impact of a Southern patent reform (or the cross-section
analog) occurs in the sector that has product lifecycle lengths equal to the new sourcing cut-off 7*(£%).
This cut-off is implicitly constrained in (8) to be less than max;{T};}, and cannot fall below the smallest T'
without contradicting the model’s main prediction that short-lifecycle sectors will be relatively insensitive
to host-country patent laws.
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gins, I estimate (18) using the number of affiliates by sector (extensive margin) or sales,
assets, and employment at the individual affiliate level (intensive margin). These two out-
come variables are both related to the same measure-of-varieties prediction of Proposition
2. Theoretically, the response described in Proposition 2 could result in effects along two
different extensive margins: (1) the number of firms with a Southern affiliate, per sector at
any point in time, and (2) the number of varieties per firm that are manufactured in the
South at any point in time. Both are of interest, however the data are not precise enough
at the product level to evaluate the latter extensive margin directly. In the empirical imple-
mentation of the model, I will therefore look at (1) directly, and will look at (2) indirectly
by evaluating the size of individual affiliates.

The baseline specification includes a number of important controls. Industry fixed ef-
fects 71, absorb omitted sector-specific characteristics, including differences in imitation costs
c and timing m, per-period profit 7% and 7, factor intensities of production including «,
the average productivity of firms, total industry size M}, and the initial demand distribution
across countries. Industry fixed effects also subsume the main effect of 7. Country fixed-
effects n; control for fixed differences across countries, such as geography and legal origin,
that may influence the level of local activity by U.S. multinationals. I also add a vector
of time-varying host-country covariates X;; that includes the log of GDP per capita and a
measure of the prevailing corporate tax rate;** these help to control for economic develop-
ment and the general business climate, respectively. Year fixed effects n; absorb changes
over time that affect observed affiliate activity in all countries and industries equally, such as
shipping costs, communication costs, and general macroeconomic conditions. The error term
€;+ combines any omitted factors that affect patterns of foreign direct investment. Because
there may be measurement error in the index of host-country patent protection, I cluster
errors by country in all reported results, but the results are robust to alternative levels of

clustering.

4.2 Identification

Identification of 7, and 7, is based on variation in the strength of patent protection within

countries over time, and variation in product lifecycle lengths across sectors. A key advan-

44 A5 in other recent studies using the BEA data, I construct the relevant corporate tax rate directly from
observed tax payments by affiliates to host-country governments. The measure is the ratio of tax payments
to affiliate income, averaged across firms. See Branstetter, Fisman, and Foley (2006) and Branstetter et al
(2010).
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tage of introducing this latter variation across industries is that it mitigates the empirical
challenge introduced by concurrent policy reforms. Improvements to intellectual property
rights often occur at the same time as more general institutional changes that may also influ-
ence the location of multinational activity.*> Upon joining the WTO, for example, countries
align intellectual property protection with the minimum standards set forth in TRIPS, but
also make substantial concurrent changes to trade policy and investment laws. Because the
main effect 5 will tend to reflect multinationals’ responsiveness not only to the strength of
local patent laws, but also to the quality of general institutions and overall investment con-
ditions, its interpretation is unclear; the magnitude of S cannot be attributed to the distinct
influence of intellectual property laws.

The interpretation of v; and -5, on the other hand, is not subject to this concern, be-
cause as argued in section 2, variation in product lifecycle lengths determines multinationals’
sensitivity to formal patent laws and less so to general institutions or development. Firms’
sensitivity to general property rights protection, for example, or the quality of financial in-
stitutions is theoretically independent of the durability of ideas required for production.*®
Cross-industry variation in product lifecycle lengths thus allows me to capture the effect of
patent laws separately from the effects of general institutions, even for cases in which both
improve simultaneously. For this reason, I will emphasize the differential effects captured
by 71 and v, as I interpret the results. Also, note that this identification strategy does not
require identical T} values in each country, although it is important that the ordering of
industries remains relatively stable across countries. This is relevant if the product lifecycle
were to itself depend on local institutional or competitive environments, for example short-
ening in countries with relatively weak patent laws, strong imitation capacities, or relatively
intense product market competition. Yet, because T} is measured with U.S. data and applied
to all countries and years uniformly across the sample, this possible form of endogeneity in
T; with respect to patent laws is unlikely to be an empirical concern.

A second factor that could influence the results is the possibility that multinational ac-
tivity may precede and in some cases contribute to patent reforms in developing countries.*”
To affect the estimates v; and 7, the intensity of lobbying would need to be systematically
related to product lifecycle lengths 7. In particular, firms would have to lobby host-country

45Prior work has established significant correlations between patent laws and general institutions, including
GDP per capita and market openness (Acemoglu et al 2005), legal origin (Lerner 2009), and economic growth
(Evenson 1990). The data used in this analysis reveal a persistent correlation across countries between GDP
per capita and the IPR index (68% in 1982, 67% in 2004). For further discussion, see Qian (2007).

46] evaluate this empirically in section 6 with standard measures of general institutional quality.

47See, for example, Branstetter, Fisman, and Foley (2006).
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governments with intensities corresponding to product lifecycle lengths in the same non-
monotonic cross-sectoral pattern predicted by the model. In a sense, this would confirm the
theory that sensitivity to patent protection follows a non-monotonic function of 77}, thus the
interpretation of v and 5 would remain intact. However, the magnitude of these estimates
could be influenced upward or downward, depending on the mechanisms underlying the lob-
bying interaction.*®

Finally, we may be concerned that T} reflects variation across sectors in the ease of imi-
tation. For example, long product lifecycles could be indicative of barriers to imitation such
as product complexity; it may be that firms in short-lifecycle sectors innovate with greater
intensity because their products are simpler to imitate, and rapid innovation is the only way
to survive. Similarly, if products are well-protected by patents, incumbent monopolists may
have a lower incentive to innovate relative to the case in which patents provide ineffective
protection. Although neither of these possibilities can be ruled out entirely, the first is likely
to work against finding confirmation of the model’s predictions, and the second is not upheld
in the data. Specifically, if the time or cost of reverse-engineering were positively correlated
with product lifetimes at the sector level, longer-lifecycle sectors would be less, not more,
sensitive to patent laws than fast-turnover sectors—the opposite of the main theoretical re-
sults. On the second point, the data show that patent effectiveness and product lifecycle
lengths are not systematically related, thus it is unlikely that long product lifecycle lengths

result from barriers to imitation created by exceptionally effective patents.*’

5 Main Results

5.1 Patent Laws and Affiliate Presence at the Industry Level

To evaluate the influence of patent laws on the broad spatial and sectoral pattern of foreign
direct investment, I first estimate equation (18) with a limited dependent variable. T define
MNCjj; to be an indicator variable equal to one if positive affiliate sales are observed in

country ¢ and sector 7 during period ¢. This zero-positive margin is active in the data, and

48Tt is not clear whether estimates of v; and 7, would be overstated or understated. If lobbying firms are
made aware of patent reforms well in advance, these firms may respond by building capacity in the reforming
host-country prior to the actual reform. In this case, differential responsiveness to observed reforms would
appear weaker, generating downward bias in one or both coefficients v; and 5. If lobbying firms do not
receive advance notification of reforms, correlation between affiliate activity and patent reforms could instead
inflate estimates of vy; and 2. I include several tests of anticipation in section 6.

49The correlation between product lifecycle lengths and a standard measure of patent effectiveness from
Cohen, Nelson, and Walsh (2000) is approximately 2%.
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therefore informative—for many country-industry pairs, there is no affiliate activity in at
least one benchmark year. In the Appendix, I analyze this margin theoretically by adding a
proximity-concentration trade-off to the basic framework developed in section 2 (see Brainard
1997; Helpman, Melitz and Yeaple 2004). I show that in this setting, the resulting pattern
of zeros inherits the basic characteristic of my model: the existence of zeros is insensitive to
patent protection in short-lifecycle sectors, and is negatively related to patent strength in
long-lifecycle sectors.?®

In Table 3, I present the corresponding estimates based on the full sample of 92 coun-
tries, 37 industries, and five benchmark years. The results provide strong support for the
theoretical prediction described above. In column 2, I find evidence that sectors with rela-
tively long product lifecycles T" are more responsive to the strength of host-country patent
protection in a simple specification with the standard set of controls described in section
4—country, year, and industry fixed effects, corporate tax rates, and the log of per-capita
GDP. In column 4, T add an interaction between GDP per capita and T to better isolate
this effect from the influence of overall development. I find a smaller but significant estimate
under this relatively conservative approach.

In line with the non-monotonicity predictions of Propositions 3 and 4, columns 3 and 5
suggest that the influence of patent laws may be highest in sectors with mid-length prod-
uct lifecycles. Comparing the positive linear and negative quadratic interaction coefficients,
these estimates imply that patent laws have the largest impact on an industry 7" between
T = 9.3 years (column 3, 25%-percentile T') and ten years (column 5, 75'"-percentile T').
Column 5, again, includes interactions between per-capita GDP and T'; these estimates are
thus conservative relative to column 3.

In columns 6 and 7, I show that the results are robust to controlling for product com-
plexity. I include separate interactions between the patent index and a sector-level measure
of R&D intensity.”! High levels of R&D intensity may reflect multiple industry characteris-
tics, but product complexity is likely a key determinant. Because complex products may be
costlier to innovate than imitate, firms in R&D-intensive sectors could be more dependent on

patent protection to protect revenues. Consistent with this reasoning, estimates in columns

50Tn the theoretical framework developed in section 2 and extended in the Appendix, the mechanism
generating action along the sector-level intensive and zero-positive margins does not yield interaction between
these two margins, and I therefore test the model predictions for the each associated outcome variable
separately. It is possible to develop a richer framework with selection (e.g. Helpman, Melitz and Rubenstein
2008), and this would be interesting to consider, though to affect my empirical results the magnitude of such
effects would need to be correlated with T across sectors.

51R&D intensity is defined to be the industry-average R&D to sales ratio among sample firms.
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6 and 7 reveal that R&D-intensive sectors are more likely to locate affiliates in countries
with strong patent laws. I explore the economic significance of R&D intensity relative to
product lifecycle lengths in regressions below.

For general comparison, I also estimate the main effect of patent laws on the distribution
of affiliate activity, omitting interactions with product lifecycle lengths. The reported coef-
ficient on the patent index in column 1 is indistinguishable from zero, which contrasts with
the significant coefficients on the interaction variables reported in columns 2-6. This finding
reveals the potential limitations of an identification strategy that relies only on time-series
variation in patent laws. By averaging the influence of patent laws across heterogeneous in-
dustries, the true impact of these laws may be overlooked despite being significant. Finally,
although all regressions shown in Table 3 are estimated using OLS, the results are nearly
identical when estimated with a probit approach; in addition, these results are robust to
using alternative proxies for 7T, including 75'"-percentile and 85" -percentile citation lags as

described in section 3.2

5.2 Affiliate Activity at the Industry Level

Propositions 3 and 4 predict that the overall effect of patent laws is a non-monotonic
function of product lifecycle lengths, with the largest influence occurring in sectors with
mid-length product lifecycles. In Table 4, I evaluate this prediction using three measures of
affiliate activity (sales, assets, and employment), and find strongly supportive results.>
Columns 1-3 present estimates of (18) based on affiliate sales at the country-industry-
year level. All specifications include interactions between per-capita GDP and 7', and are
thus conservative. The results in column 2 trace out a concave function reaching its peak
at T = 9.9 years, just below the 75" percentile of the product lifecycle length distribution.
When I include separate interactions between [PR and R&D intensity in column 3, I
find nearly identical results. Column 1, on the other hand, shows that the average linear
interaction effect alone is not significant. I repeat these tests for affiliate assets in columns

4-6 and affiliate employment in columns 7-9, and find very similar results.

52Results available upon request.
531 also test the model predictions in the cross section of countries with different levels of patent protection.
I construct a country-level average product lifecycle length based on the distribution of multinational activity

across sectors for each year: T; =3 j ¢:Tj, where ¢;; is sector j’s share of country ¢’s overall affiliate sales.
I find that the estimated relationship between T; and IPR; is 0.832 (standard error = .0443) in 1994, and
a similarly significant relationship obtains in all other sample years. These results suggest that even in the
cross-section, countries with stronger patent protection attract proportionally more multinational activity
in sectors with longer product lifecycles.
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Importantly, the effects in Table 4 are also economically significant. The estimates
in column 2 suggest that sectors with intermediate lifecycle lengths (75" -percentile T
expand by 12 percentage points more, on average, than sectors with rapid product turnover
(10'-percentile T) and 8.6 percentage points more than slow sectors (95™-percentile T')
following a one standard deviation improvement in Southern patent protection. When
I include interactions with R&D intensity, I find product lifecycle lengths to be more
economically significant than R&D intensity by a factor of four. Estimates in column 3
imply a differential response across 1" of 17 percentage points, compared to 4.4 percentage
points between the 10*" percentile and median industries by R&D intensity. Similar results
obtain for assets and employment. Column 6 reveals a 20 percentage point differential
increase in affiliate assets across T, compared with a 7.5 percentage point differential
increase across R&D intensity. Comparative statics for Column 9 suggest comparable effects

of 17 percentage points across T' and 4.2 percentage points across R&D Intensity.

First-Differences

While the prediction of Proposition 4 concerns the pattern of multinational activity across
countries with varied patent regimes, Proposition 3 provides a qualitatively similar prediction
for how affiliate activity will change in response to a patent reform within a country. To test

this latter prediction, I estimate a first-differenced version of (18)
AMNCijt = ﬁ . A]PRZt +'}/1 . A]Pth X CTJ +’Y2 . AIPRZt X ]}2 +A7’]t +AXZt +A€ijt> (].9)

where I have defined AMNC}j; to be an indicator for increased affiliate sales. Note that the
constant term as well as country and sector fixed effects have dropped out of the regression
equation.

Corresponding results appear in Table 5, and confirm the essential predictions of Propo-
sition 3. Compared with the estimates in Table 4, columns 5 and 7 reveal a qualitatively
similar pattern of sensitivity to reforms, although comparative statics suggest the economic
significance of these results is relatively modest. Specifically, column 7 implies that a one-
standard-deviation patent reform will raise the likelihood of increased affiliate sales by 3.1
percentage points more in the median-7T" sector versus the 10*"-percentile sector.

The results are nearly identical when AM NC;j; is defined to be an indicator for increased
affiliate assets or employment. I also estimate the same set of specifications with AMNC}j;
defined to be the one-period difference in affiliate sales. In this latter set of results, I find

that the signs match the theory in each case, although the key interaction coefficients are
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significant only in columns 2, 3, and 6.

5.3 Patent Laws and the Number of Affiliates

In Table 6, I investigate the nature of the industry-level results shown above in greater de-
tail. Specifically, I make use of the BEA’s affiliate-level data to characterize the influence of
patent laws on the number of firms with affiliates in a particular country, sector, and year.
This is closely related to the predictions of Proposition 2 regarding the measure of offshored
varieties by sector at different levels of patent protection. From a Southern country’s view-
point, this extensive-margin dimension of response is also of primary interest, because it
is tied to potential welfare effects of patent reforms. An expansion in the number of vari-
eties produced in the country following reform would suggest stronger patent laws do more
than transfer revenues from imitators to existing multinationals; instead, industrial activity
generated by new firms may offset the decline in local imitation, in addition to expanding
technology transfer.

The results shown in Table 6 support the predictions of Proposition 2 across all specifi-
cations. These are based on equation (18) where I have defined the dependent variable to be
the log number of firms with affiliates in a particular country, sector, and year. Whether or
not I include interactions between GDP per capita and T, the estimates imply that stronger
patent laws attract more affiliates in high-T sectors, with the largest effects found in mid-T
sectors (columns 3, 5, and 7). Coefficients on the main interactions are all significant at
the 1% level, and as in Table 4, also imply that T is economically significant. Estimates
in column 5 suggest that a one-standard-deviation patent reform generates a 9.3 percentage
point differential increase in the number of affiliates between the median and 10*"-percentile
industries. Column 7 suggests product lifecycle lengths are a more significant determinant of
sensitivity to patent laws than R&D intensity—comparative statics are 15 percentage points

for T versus 3.2 percentage points for R&D intensity.

5.4 Affiliate Size

To complete the decomposition of the industry-level results along the extensive and intensive
margins, | next examine changes in the size of individual affiliates (intensive margin). The
model offers three relevant insights here. First, existing affiliates may expand as patent laws
improve if they sell a particular variety that has already been imitated; these affiliates are

larger under strong patent regimes because intellectual property is protected in a greater
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share of the market. Second, the forces described in Proposition 2 could increase the size
of affiliates if, following host-country patent reforms, multi-product firms begin producing
varieties through an affiliate earlier in the product lifecycle. Third, Proposition 5 suggests
that less-productive multinationals will be more sensitive to patent laws, implying that
expansion in the measure of varieties and revenues (Propositions 2-4) will occur within
affiliates of smaller and less productive multinationals. Together, these effects suggest that
affiliate-level expansion should be non-monotonic as in Proposition 2, but more pronounced
among less-productive firms. Expansion may also be observed in long-lifecycle sectors for
the small fraction of already-imitated firms. The overall effect of patent laws on the average
size of affiliates within an industry is theoretically ambiguous, however: new entrants will
be small, but since some existing affiliates expand, the overall average could be drawn up or
down.

In Tables 7 and 8, I explore the effect of patent laws on affiliate size, as measured by

sales. These estimates are based on an affiliate-level variant of (18)
MNCijp = a+p-IPRy+v1-IPRyy xTj+7,- IPRy ><Tj2+77z‘+77j + 0+ Xir+ Xpe +€ijpr, (20)

where M NC}j,+ represents the sales of parent p’s country-i, sector-j affiliates during year
t. The product lifecycle length T} corresponds to the industry reported for the affiliate. I
include parent sales and R&D expenditures in X, to control for differences across parent
company operations.

The estimates reported in Table 7 underscore the ambiguity predicted by my theory
and described above. In column 2, the negative interaction on /PR X T" suggests a decline
in average affiliate size, however the more conservative estimate in column 4 is insignificant.
The non-monotonicity predictions, as tested in columns 3, 5, and 7, find only weakly
significant support in the latter two specifications. Column 1, which as in other tables
excludes interactions between I PR and T, shows that patent laws alone are not a significant
determinant of affiliate sizes.

By contrast, Table 8 presents separate estimates for affiliates of high-productivity and
low-productivity firms.?* In each of the specifications in columns 1-9, it is apparent that
patent laws have a highly significant differential influence on affiliate size, but only for
less-productive firms. Affiliates of high-productivity firms appear unaffected by patent

laws relative to affiliates of low-productivity firms, which is in line with the theoretical

54To evaluate firm productivity, I compute simple Solow residuals and assign firms with above-median
residuals to the high productivity group.
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predictions of section 2.6 that these firms have low marginal costs and thus face little
competition by imitators even where patent laws are weak. The estimates indicate that
affiliates of low-productivity parents in sectors with intermediate product lifecycles (median
T) expand an average of between 2.4 and 6.1 percentage points more than in sectors with
short product lifecycles (10*2-percentile T') following a one standard deviation patent reform,
while there is no average or differential response for affiliates of high-productivity parents.
Interestingly, these effects are only present along the product lifecycle length dimension—
when I omit interactions between intellectual property rights and product lifecycle lengths,

I find that regardless of parent productivity patent laws are not able to explain affiliate size.?®

5.5 Exports Versus Multinational Activity

A critical assumption of the model is that manufacturing activity requires the use of propri-
etary information, distinct from that available by observing the firm’s final product. Were it
instead possible to correctly reverse-engineer a product merely by observing it, patent laws
would be irrelevant to the location of affiliate activity in all sectors, not just those with rapid
technology cycles. Entrepreneurs would be able to obtain the product from any market and
thereby replicate it without obtaining any additional information.

The assumed importance of this informational input also has implications for firms’ deci-
sions to serve a foreign market directly by an affiliate versus by exporting finished products
at arms’-length.’® In the model, firms produce in the North and export to the South un-
til products are relatively mature. Once a variety reaches the critical time-to-obsolescence
cut-off 7*(£s), Southern production begins, because the expected losses from imitation have
fallen below the certain cost savings of manufacturing in the South. This cut-off is an in-
creasing function of Southern patent laws £g; stronger Southern patent laws thus imply that
innovating firms sell to the South through an affiliate earlier in the product lifecycle. An im-

provement in Southern patent protection therefore tilts the balance of cross-border activity

55The results are qualitatively identical when the dependent variable is instead based on affiliate assets or
employment. I also estimate first-differenced versions of (20) using an indicator for increased affiliate size. I
find support for the non-monotonicity results (columns 3, 5, and 7) and strong evidence suggesting affiliates
of low-productivity firms are significantly more likely to expand following patent reforms, whereas those of
high-productivity firms are less sensitive. These results are available upon request.

56 A third alternative is licensing to an unaffiliated party in the destination country. Data on licensing
to unaffiliated parties is not recorded on a country-specific basis in the BEA data or U.S. export statistics,
leaving unobserved a potentially significant channel of firm-level economic response to patent reforms. This
precludes a direct test of the FDI-versus-licensing decision.
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away from exports and toward sales by a local affiliate, with differential effects across sectors
as predicted by Propositions 2-4. An alternative test of these propositions is thus based on
the fraction of North-to-South sales accounted for by affiliate sales.
. . . Sij
In Table 9, I provide estimates of (18) using MNC;;; = Sz‘jtJFJ)t(ijt
to country 7 in sector j during year ¢ that are accounted for by affiliate activity, where S;;; is

, the fraction of U.S. sales

affiliate sales and X;;; is U.S. exports. The results echo the pattern of previous estimates—a
small, but significant positive linear interaction in columns 2, 4, and 6, and a concave shape
reaching its peak at an intermediate 7" in columns 3, 5, and 7. The estimates in column
7 reveal, as before, that cross-industry variation in 7' is approximately four times as eco-
nomically significant as variation in R&D intensity, suggesting differential responses of 3.1
percentage points (T') and 0.9 percentage points (R&D intensity), respectively. By contrast,
column 1 shows that patent laws alone are not a significant determinant of multinational

activity’s importance relative to exports.®”

6 Robustness Checks and Alternative Specifications

6.1 Robustness Checks

I subject the main results to a number of robustness checks to better establish their stability.
First, to control for changes in affiliate activity due to omitted factors that may change
non-linearly over time, I include a full set of country-year fixed effects in each regression;
these fixed effects absorb factors that change over time within countries such as wages,
demand, and competitiveness, as well as the main effects of patent laws, GDP per capita,
and corporate tax rates. To adjust for the possibility that entire industries may undergo
significant changes in size, competitiveness, or innovativeness across benchmark years, I also
estimate all main specifications with sector-year fixed effects. In separate tests, I exclude
the chemical and pharmaceutical industries to ensure that the findings are general and not
specific to industries for which patents are known to be exceptionally effective (Levin et al
1987; Cohen, Nelson, and Walsh 2000), and exclude the top five recipients of U.S. outward
foreign direct investment. I perform additional tests based on other moments of the citation

lag distribution (75" and 85" percentiles) as proxies for 7' to account for the possibility

5TNote that although similar measures of affiliate sales relative to exports are standard (i.e. Antras 2003,
Nunn and Trefler 2008), they are only proxies. These measures are imperfect because they may not capture
all modes of U.S. sales to country ¢. Also, U.S. export data contain outbound intrafirm sales that will not
be reflected by the numerator S;;;. In addition, it is possible that affiliates produce intermediate products
that are ultimately incorporated into final goods in another sector, thus these measures may be noisy.
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that the average may place a higher weight on unsuccessful innovations that receive very
few citations. To control for the possibility that other sector characteristics may influence
sensitivity to patent laws, I reevaluate all main results by including separate interactions with
sector-level measures of labor intensity, capital intensity, and plant-level returns to scale.’®
Finally, to reduce the influence of measurement error in product lifecycle lengths, I cluster

standard errors by sector. For each of these tests, I find qualitatively similar results.?®

6.2 Flexible Estimation

To further evaluate the shape of cross-industry sensitivity to patent laws, I estimate specifi-
cations that allow coefficients to vary flexibly across the product lifecycle length distribution.
Table 10 reports estimates based on an equation similar to (18) in which 7T is categorized by
quartile (QT, QF, QT, and QT). A dummy corresponding to each of the top three quartiles

is interacted with I PRy, as follows

4
MNCijt :CY—FB'[PR@—FZ’}%'IPR“ X 1Tj€Q{ +77i+7]j+77t+Xit+€ijt, (21)
k=2

so that (3 captures the effect of /PR on fast-turnover sectors in the bottom quartile of the T’
distribution. An advantage of this approach is that the differential effect of patent laws, as
reflected by the coefficients 3, 72, 73, and 74, is unrestricted across quartiles. A consistent
pattern emerges from the estimates in Table 10: the second and third quartile coefficients
tend to be positive and larger than the first or fourth quartile coefficients, and the third-
quartile estimates are significant across all specifications. This pattern indicates a rising
and falling curve that peaks at an intermediate 7', providing additional support for the non-
monotonicity results in Tables 3-8.

This flexible approach is not limited to quartiles, and can be extended to include as
many categories as distinct values for T appear in the data. Figures 6 and 7 illustrate the

results of this maximum-flexibility approach, where I estimate an equation similar to (21),

58Following Helpman, Melitz, and Yeaple (2004), plant-level returns to scale is the average number of
non-production workers per establishment based on data from the 1997 Census of Manufactures.

5971 also perform tests using the renewal-based proxy for T described in section 3, and find that long-lifecycle
sectors are significantly more sensitive to patent laws using this alternative measure. In addition, I use the
within-industry variation in 7Tj to assess whether my main proxy is more informative for low-variance sectors,
and find that it is: the results hold with greater strength among 3-digit sectors with below-median variation
in T across patent classes. I also perform tests based on the sub-components of the patent protection
index, and find that enforcement and membership in international intellectual property treaties are the most
important determinants of multinational activity.
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but with a separate interaction between the patent index and a dummy for each sector.
These coefficients are plotted against 71" in Figure 6 using the log number of affiliates as the
dependent variable as in Table 6, and in Figure 7 using an indicator for any affiliate activity
as in Table 3. In both cases, the data fit a concave curve that peaks at an intermediate 7.5
Together with the estimates in Table 10 and on the squared interaction terms appearing in
the other tables, these results suggest that the model’s non-monotonicity prediction is robust

across a variety of estimation strategies.

6.3 Patent Effectiveness

Prominent industry surveys (Levin et al 1987; Cohen, Nelson, and Walsh 2000) have revealed
substantial cross-industry variation in the effectiveness of patents and secrets as means of
protecting innovations. The effectiveness of these mechanisms is important to the present
study because although product lifecycle lengths do not predict firms’ reliance on patents
per se, the model presumes that strong host-country patent protection will protect firms’
patented innovations from imitation as advertised. The conclusions of the surveys mentioned
above suggest that this is far from true, however, with certain sectors receiving little actual
protection even in developed countries with strong patent laws. I incorporate this observation
into my analysis using measures of patent- and secrecy effectiveness from Cohen, Nelson, and
Walsh (2000).

In the top panel of Table 11, I present split-sample estimates categorized by whether a
sector is above or below the median score for patent effectiveness, where high scores indicate
high effectiveness. The emerging pattern of results shows that, as one would predict, the
cross-industry mechanism of patent law sensitivity predicted by my model operates more
forcefully in sectors for which patents are effective. I show two pairs of results for each
of two dependent variables (log affiliate sales and log number of affiliates) and in all cases
find significant coefficients only in high-effectiveness sectors.! These results also obtain using
triple-differenced specifications that include interactions between I PRy, T or Tj2, and patent
effectiveness; the coefficient on the linear (quadratic) interaction is positive (negative) and

highly significant in these specifications.®? In unreported results, I take a similar approach

60Similar shapes obtain when estimation is based on intensive-margin variables such as sales at the industry
or affiliate level.

61'When patent effectiveness is included in specification (18) in place of T, the results indicate that this
variable is also an important source of cross-industry variation in sensitivity to patent laws. Similarly, there
is reasonable evidence that secrecy effectiveness is important as well.

62Results available upon request.
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using secrecy effectiveness, and reach a similar conclusion: sectors for which secrets are

ineffective tend to be more sensitive to host-country patent laws.

6.4 Reform Anticipation: TRIPS

If firms anticipate changes to patent laws, even indirectly, we may expect patterns of response
to differ from the model predictions. Within the sample period, at least one major pre-
announced reform took effect, providing an opportunity to measure the possible influence of
anticipation on the results described above. Specifically, the phase-in of the WTQO’s TRIPS
agreement created a lag between announcement and implementation dates for developing
and less-developed countries. While the TRIPS agreement went into effect with the creation
of the WTO on January 1, 1995, developing countries were permitted to delay meeting
required minimum standards until 2000, while less-developing countries were given until
2006 (for pharmaceutical patents, this was extended to 2016). A large set of countries,
identified in Kyle and McGahon (2009), thus implemented pre-announced reforms during
the sample period.

In the middle panel of Table 11, I present estimates comparable to those in Tables 3,
4 and 6 based on a sample that excludes observations for countries permitted to delay
implementation of the TRIPS reforms until 2000. I omit only the potentially affected years,
2000 and 2004. All specifications include interactions between GDP per capita and T', and
columns 3, 6, and 9 also include interactions between I PR and R&D intensity. Compared
with the full-sample estimates, no clear pattern of difference emerges, suggesting—if only
indirectly—that policy anticipation is unlikely to have had a significant impact on my main

results.

6.5 Placebo Test: Host-Country Financial Development

The model posits that patent laws will exhibit a strong differential effect on multinational
activity depending on sectors’ product lifecycle lengths T'. Moreover, the identification strat-
egy presumes that sensitivity to general host-country institutions will not be determined by
product lifecycle lengths, so that the interaction variables IPR x T and IPR x T? isolate
the effects of patent laws separately from those of general institutions. In the lower panel of
Table 11, I investigate the influence of one general institution, host-country credit conditions,
on multinational activity as a placebo test. I re-run the main regressions using a measure of
private credit conditions from Djankov, McLiesh, and Schleifer (2007) in place of IPR. The
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coefficients on the key interactions are, as expected, insignificant.%

6.6 Growth in Affiliate Activity

Finally, although the model does not offer explicit predictions for the influence of patent
laws on affiliate growth, I nevertheless investigate growth effects in Table 12. T apply the
same empirical strategy and regression specifications as in previous tables, but here define
the dependent variable to be the one-period change in the log of sector-level affiliate sales.
The estimates in columns 2-7 suggest that patent laws have a significant differential effect
on affiliate growth. As in previous tables, the main interaction between patent strength and
product lifecycle lengths is positive; where a quadratic interaction is included, the estimates
reveal sectors with mid-length lifecycles are the most sensitive to patent laws. These esti-
mates indicate that the influence of patent laws on multinational activity extends beyond
level effects, impacting growth. This further suggests that the complete effects of patent
reforms on multinational activity may not be felt immediately, and may thus be larger and

longer-lasting than those implied by my main results.

7 Conclusion

This paper has examined multinationals’ sensitivity to host-country intellectual property
institutions both theoretically and empirically. Within a model of firms’ global sourcing
decisions, I develop predictions for the spatial and sectoral composition of multinational ac-
tivity. The model suggests that sensitivity to local patent institutions will be concentrated
among sectors with relatively long product lifecycles, with the most pronounced sensitivity
in sectors with mid-length product lifecycles. Among sensitive sectors, stronger host-country
patent laws attract more aggregate affiliate activity as well as a larger number of affiliates.
The size of the average affiliate also expands, but only among less productive firms.

These predictions find robust empirical support within a comprehensive panel of U.S.
multinationals’ activity spanning 92 countries and 37 industries during 1982-2004. Using
the interaction between patent laws and product lifecycle lengths, I am able to explain sys-

tematic variation in affiliate activity, as measured by sales, assets, and employment, along all

631 also perform analogous placebo tests with measures of general institutional quality from Glaeser, et
al (2004), which include constraints on the executive, autocracy, democracy, and years of schooling. As
with private credit conditions, the results indicate that sensitivity to these general institutions does not vary
systematically across sectors according to product lifecycle lengths.
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margins of multinational activity. The results therefore provide evidence that cross-industry
differences in the rate of product obsolescence are a significant determinant of firms’ sensi-
tivity to host-country patent laws. In addition, the results establish the causal influence of
patent laws on multinational investment, which has challenged prior studies due to concur-
rent policy reforms.

My findings speak to an ongoing debate over the extent to which developing countries
should protect intellectual property. Strengthened patent protection may discourage imita-
tion, but raises prices faced by domestic consumers, creating direct welfare losses such as
those found by Chaudhuri, Goldberg, and Jia (2006). Unless these losses are eventually
offset by higher growth, for example due to significant increases in domestic innovation and
technology transfer, it is not clear that developing countries stand to gain by undertaking the
costly investment of improving patent protection. My results reveal that stronger patents
do attract multinational activity, itself a key conduit for technology transfer, but primarily
in the subset of sectors with relatively long-lived intellectual property.

Finally, it should be noted that my estimates may provide only a lower bound for the
overall effect of host-country patent protection on industrial activity. This is because stronger
patent protection may attract not only increased foreign direct investment, but also greater
levels of arms’-length licensing. Stronger patent regimes may also encourage domestic inno-
vation. Exploring these other channels of response, and measuring their magnitudes relative
to impacts on domestic imitation and consumer surplus at different time horizons is an

important area for future research.
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Figure 1: Difference in the Composition of Affiliate Sales Across Countries, 1994
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Notes: This figure is based on affiliate sales by industry as reported to the BEA in 1994. It shows the difference in the fraction of affiliate sales
in strong-patent and weak-patent host countries, grouped by intervals according to product lifecycle lengths. Each bin represents 1/6th of the
data. The six countries in each group are as follows. Weak patent: Guatemala, Indonesia, Malaysia, Paraguay, Thailand, Uruguay; Strong
patent: Australia, Hungary, Japan, New Zealand, Norway, Sweden.

Figure 2: Change in the Composition of Affiliate Sales After Patent Reforms, 1994 - 2004
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Notes: This figure is based on affiliate sales by industry as reported to the BEA in 1994 and 2004. For a group of six countries, the figure
shows the difference in the fraction of affiliate sales during a period of strong patent protection (2004) versus a period of weak patent
protection (1994). Each bin represents 1/6th of the data. Each country included (Guatemala, Indonesia, Malaysia, Paraguay, Thailand,
Uruguay) implemented intellectual property rights reforms during 1994-2004.



Figure 3: Product Lifecycle Lengths and the Location of Manufacturing Activity
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Notes: The upper panel of this figure shows the measure of product varieties manufactured in the North N;({'s) as a function of product
lifecycle lengths T at two different levels of host-country patent protection {s (solid) and {'s (dashed), {s < {'s. The middle panel takes
the difference between these two curves, showing that countries with stronger patent protection attract manufacturing activity for a larger
measure of varieties, but only in sectors with T; > 1*({'s). The lower panel shows the difference in affiliate revenues at the two levels of
patent protection, which increase due to the combined effect of entry and stronger protection of existing imitated varieties.



Figure 4: Average Patent Citation Lag, by Industry
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Notes: This figure shows the average patent citation lag for each of the 37 SIC 3-digit industries studied in this paper. Citation
lags are measured in years and were computed using data in the NBER Patent Citation Datafile (Hall, et al 2001).

Figure 5: Product Lifecycle Lengths vs. R&D Intensities Across Industries
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Notes: This figure plots the product lifecycle length against the R&D intensity of each SIC 3-digit industry studied in this paper.
Product lifecycle lengths are average patent citation lags and are computed using data in the NBER Patent Citation Datafile. R&D
intensity is the R&D-to-sales ratio in the BEA firm-level data during the benchmark years between 1982 and 2004.



Figure 6: Flexible Estimation - Number of Affiliates

0.6 -

0.5
A

0.4

&
A 4

*

0.3 *
*

.
* .

/_—N’
*
.’ 0\

0.2

0.1

Coefficient

8 8.5 9 95% ¢ 10 10.5 11
* *

Product Lifecycle Length (Years)

Notes: This figure plots estimated coefficients from an OLS regression similar to (21) against product lifecycle lengths, but with a
separate interaction for each of the 37 industries. The dependent variable is the log number of affiliates.

Figure 7: Flexible Estimation - Affiliate Presence
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Notes: This figure plots estimated coefficients from an OLS regression similar to (21) against product lifecycle lengths, but with a
separate interaction for each of the 37 industries. The dependent variable is an indicator for positive affiliate sales.



Table 1: Regression Summary Statistics

Standard
Variable Mean Deviation Min_ Max
Country-Industry-Year Level:
Total Affiliate Sales 257000 2000000 -9100 88600000
Total Affiliate Employment 942 5300 0 161000
Total Affiliate Assets 316000 3120000 0 171000000
Total Affiliate R&D 3300 42800 0 2131732
Number of Affiliates 2.31 7.48 0 114
Number of Affiliates per Country-Year,
Conditional on Presence 7.98 12.2 1 114
Affiliate-Year Level:
Average Affiliate Sales 80200 491000
Average Affiliate Employment 310 1290
Average Affiliate Assets 79500 439000
Average Affiliate R&D 1070 16400
Average Affiliate Sales to Local Unaffiliated
(only majority-owned) 43000 210000
Average Affiliate Sales to U.S.
(only majority-owned) 10900 214000
Industry Level:
Average Patent Citation Lag (years) 9.55 0.79 6.73 10.9
Average 85 Percentile Patent Citation Lag 17 1.18 13 20
Average R&D Intensity 0.0379 0.0435 0.00502 0.242
Average share of intrafirm sales S/(S+X) 0.22 0.36 -0.107 14
U.S. exports 74300 618000 0 39000000
Country-Year Level:
Patent Index 2.76 1.10 0.59 4.67
Delta Patent Index 0.32 0.47 0 2.18
Log GDP per Capita 8.79 1.11 5.08 111
Corporate Tax Rate 0.09 0.07 0.0019 0.89
General:
Number of Parent Companies per Year 959 96 886 1125
Number of Affiliates per Parent 9.74 20.5
Number of Countries 92
Number of Industries 37
Number of Observations, Industry-level 15540
Number of Observations, Industry-level,
Conditional on Presence 4977
Number of Observations, Affiliate-level 22505

Notes: This table summarizes multinational activity, host-country institutions, and industry characteristics across 92 countries,
37 industries, and all benchmark years during 1982-2004. All financial values are reported in thousands of dollars. Average
patent citation lags were calculated using the NBER U.S. Patent Citations Data File (Hall, et al 2001) by patent class and
matched to 3-digit SIC industry codes using a standard USPTO concordance. GDP per capita is from the Penn World Table
(Heston, et al 2009). U.S. exports are from the Census Bureau (http://www.som.yale.edu/faculty/pks4/). All other variables
are from the Bureau of Economic Analysis Survey of U.S. Direct Investment Abroad, and pertain to U.S. outward foreign direct
investment.



Table 2: Product Lifecycle Lengths and R&D Intensities by Sector, Ranked by Turnover

Average

Citation Lag
Industry Name Ranking SIC Code (Years) R&D Intensity
Shortest Citation Lags:
Electronics Machinery 1 383 6.73 .0527
Watches, Clocks, Clockwork Operated Devices 2 387 7.37 .0239
Computer And Office Equipment 3 357 8.38 .0987
Agricultural Chemicals 4 287 8.69 .0219
Electronic Components And Accessories 5 367 8.83 242
75th-Percentile Citation Lags:
Paints, Varnishes, Lacquers, Enamels 25 285 9.81 .0180
Rolling, Drawing, Extruding Of Metals 26 335 9.87 .0105
Miscellaneous Electrical Machinery, Equipment 27 369 9.88 .0388
Engines And Turbines 28 351 9.91 .0290
Communications Equipment 29 366 9.94 .0750
Longest Citation Lags:
Fabricated Structural Metal Products 33 344 10.25 .0102
Cutlery, Handtools, And General Hardware 34 342 10.41 .0137
Screw Machine Products, Bolts, Nuts, Screws 35 345 10.42 .0240
Metal Cans And Shipping Containers 36 341 10.63 .0119
Heating Equipment, Except Electric 37 343 10.89 .00986

Notes: This table shows the average patent citation lag and R&D intensity for the top and bottom five industries ranked by
average citation lags. Citation lags were calculated using the NBER U.S. Patent Citations Data File (Hall, et al 2001). To
preserve comparability across patents granted at different dates, citations were limited to within 15 years of the patent grant date.
Patent classes were matched to 3-digit SIC industry codes a standard USPTO concordance, available from
ftp://ftp.uspto.gov/pub/taf/sic\_conc/2005\_diskette/. R&D Intensity is the average ratio of R&D to sales by industry among
multinationals and is based on firm-level data from the Bureau of Economic Analysis.



Table 3: Host-country Patent Laws and Affiliate Presence, Industry Level

Dependent variable:

Indicator for positive sales

@) 2 3 4) ®) (6) )]
IPR -0.0009 -0.2263 -2.0279 -0.1452 -0.7672 -0.2773 -0.4722
0.0101 0.045%** 0.2738*** 0.0451*** 0.3268** 0.05%*=* 0.3183
IPRxT 0.0236 0.4341 0.0151 0.1569 0.0264 0.0709
0.0048*** 0.0616*** 0.005*** 0.0742** 0.0054*** 0.0716
IPR x T? -0.0231 -0.008 -0.0025
0.0034*** 0.0042* 0.004
IPR x R&D Intensity 0.6388 0.8471
0.0893*** 0.255***
IPR x R&D Intensity? -1.5269
0.9303
log GDP per Capita 0.0925 0.0925 0.0925 -0.0477 -2.0855 -0.0477 -2.0855
0.0513* 0.0514* 0.0514* 0.0704 0.4015*** 0.0704 0.4015***
log GDPpc x T 0.0147 0.479 0.0147 0.479
0.0047**=* 0.0908*** 0.0047*** 0.0908***
log GDPpc x T? -0.0261 -0.0261
0.0051*** 0.0051***
Controls Country, Year, and Industry FE, Corporate Tax Rate
N 15281 15281 15281 15281 15281 15281 15281
R? 0.5216 0.5235 0.5268 0.5239 0.5299 0.5276 0.5322

Notes: * p<0.10, ** p<0.05, *** p<0.01. This table reports least-squares estimates of equation (18). The dependent variable indicates positive
sales by affiliates of U.S.-based multinational firms by country, sector, and year, and is based on firm-level data from the BEA. IPR is the index
of patent protection from Ginarte and Park (1997) and Park (2008). T is the product lifecycle length, by industry, and is the average patent
citation lag based on data from the USPTO. R&D Intensity is the average ratio of R&D to sales by industry based on BEA data, and GDP per
Capita (GDPpc) is from the Penn World Table, Heston et al (2009). The sample period is 1982-2004. All regressions include country, year, and
industry fixed effects, host-country GDP per capita, and host-country corporate tax rates based on BEA data. Standard errors, adjusted for
clustering at the country-level, appear below each point estimate. The results are robust to clustering at the sector level, excluding the top five
recipients of U.S. outward FDI, China and India, and the chemical and pharmaceutical industries, as well as including country-specific time
trends, country-year fixed effects, and sector-year fixed effects The results shown above were estimated with OLS (Angrist and Pischke 2009),

and nearly identical results obtain with probit estimation.



Table 4: Host-country Patent Laws and Affiliate Activity, Industry Level

Dependent variable: Log affiliate sales Log affiliate assets Log affiliate employment
@ ) 3 4) ®) (6) )] ()] (©)
IPR 0.0898 -8.1725 -8.5096 0.0368 -9.2692 -10.047 0.0183 -8.0969 -8.2497
0.0685 3.6502** 3.6902** 0.0595 3.9716** 4.0068** 0.0716 3.3539** 3.2998**
IPRxT 1.6857 1.6741 1.9406 1.9518 1.6307 1.6007
0.7547** 0.764** 0.8209** 0.8248** 0.6962** 0.6865**
IPR x T? -0.0856 -0.0818 -0.1008 -0.0954 -0.0815 -0.0777
0.0392** 0.0397** 0.0424** 0.0425** 0.0363** 0.0359**
IPR x R&D Intensity 3.1351 5.2001 3.1174
1.1883** 1.2684** 1.218**
IPR x R&D Intensity? -9.966 -14.8333 -12.364
4.8455** 4.9555%** 5.3307**
log GDP per Capita 1.545 14.277 13.1172 1.6091 14.2245 12.0387 0.7717 19.6372 18.9507
0.3887*** 6.8514** 6.8379* 0.000*** 7.6158* 7.5242 A723* 7.7283** 7.6158**
log GDPpc x T -2.3399 -2.1076 -2.3449 -1.9062 -3.6423 -3.5044
1.4385 1.4352 1.5426 1.5249 1.6171* 1.5953**
log GDPpc x T* 0.1048 0.093 0.1066 0.0842 0.1738 0.1669
0.0741 0.074 0.0788 0.078 0.0831** 0.0821**
Controls Country, Year, and Industry FE, Corporate Tax Rate
N 4952 4952 4952 4964 4964 4964 4788 4788 4788
R? 0.6264 0.63 0.6307 0.6498 0.6536 0.656 0.576 0.5797 0.5804

Notes: * p<0.10, ** p<0.05, *** p<0.01. This table reports least-squares estimates of equation (18). The dependent variable is the log of sales
(columns 1-3), the log of assets (columns 4-6), or the log of employment (columns 7-9), of affiliates of U.S.-based multinational firms by country, sector,
and year. These outcome variables are based on firm-level data from the BEA. IPR is the index of patent protection from Ginarte and Park (1997) and
Park (2008). T is the product lifecycle length, by industry, and is the average patent citation lag based on data from the USPTO. R&D Intensity is the
average ratio of R&D to sales by industry based on BEA data, and GDP per Capita (GDPpc) is from the Penn World Table, Heston et al (2009). The
sample period is 1982-2004. All regressions include country, year, and industry fixed effects, host-country GDP per capita, and host-country corporate
tax rates based on BEA data. Standard errors, adjusted for clustering at the country-level, appear below each point estimate. The results are robust
to clustering at the sector level, excluding the top five recipients of U.S. outward FDI, China and India, and the chemical and pharmaceutical industries,
as well as including country-specific time trends, country-year fixed effects, and sector-year fixed effects.



Table 5: Host-country Patent Laws and Affiliate Activity, Industry Level, First Differences

Dependent variable:

Indicator for increased sales

@) ) 3 4) ®) (6) @

Delta IPR 0.0629 -0.1622 -5.3506 -0.1131 -4.5372 -0.5129 -3.627
0.0218*** 0.0525*** 0.4964*** 0.0462** 0.5829*** 0.0702%** 0.5529***

Delta IPRx T 0.0236 1.2058 0.0184 1.0265 0.0526 0.7429
0.0055*** 0.1129*** 0.0049*** 0.1341%** 0.0072*** 0.1261***

Delta IPR x T° -0.0665 -0.0567 -0.0384
0.0063*** 0.0075*** 0.0071***

Delta IPR x R&D Intensity 1.9329 4.3895
0.2164*** 0.4864***

Delta IPR x R&D Intensity” -12.925
1.6376***

Delta log GDP per Capita 0.2848 0.2848 0.2848 -0.2461 -8.5075 -0.2461 -8.5075
0.1126** 0.1126** 0.1126** 0.1164** 3.9134** 0.1164** 3.9137**

Delta log GDPpc x T 0.0556 1.9381 0.0556 1.9381
0.0148*** 0.9074** 0.0148*** 0.9075**

Delta log GDPpc x T? -0.1058 -0.1058
0.0506** 0.0506**

Controls Year FE, Delta Corporate Tax Rate
N 11803 11803 11803 11803 11803 11803 11803
R? 0.0489 0.0497 0.0611 0.0502 0.0647 0.0642 0.0779

Notes: * p<0.10, ** p<0.05, *** p<0.01. This table reports least-squares estimates of equation (19). The dependent variable indicates an increase in
sales by affiliates of U.S.-based multinational firms by country, sector, and year, and is based on firm-level data from the BEA. IPR is the index of
patent protection from Ginarte and Park (1997) and Park (2008). T is the product lifecycle length, by industry, and is the average patent citation lag
based on data from the USPTO. R&D Intensity is the average ratio of R&D to sales by industry based on BEA data, and GDP per Capita (GDPpc) is
from the Penn World Table, Heston et al (2009). The sample period is 1982-2004. All regressions include country, year, and industry fixed effects,
host-country GDP per capita, and host-country corporate tax rates based on BEA data. Standard errors, adjusted for clustering at the country-level,
appear below each point estimate. The results are robust to clustering at the sector level, excluding the top five recipients of U.S. outward FDI, China
and India, and the chemical and pharmaceutical industries, as well as including country-specific time trends and sector-year fixed effects. The results
shown above were estimated with OLS (Angrist and Pischke 2009), and nearly identical results obtain with probit estimation.



Table 6: Host-country Patent Laws and Number of Affiliates, Industry Level

Dependent variable:

Log number of affiliates

@) ) 3) (4) (5) (6) ()
IPR 0.0891 0.6238 -3.8085 -0.5244 -5.283 -0.922 -5.6723
0.035** 0.1989*** 1.2946%** 0.3154 2.0246** 0.341%** 1.9728**=*
IPRxT -0.0557 0.8835 0.0645 1.0741 0.102 1.0883
0.0204*** 0.2759*** 0.0328* 0.4163** 0.0348*** 0.4067**
IPR x T? -0.0496 -0.0534 -0.0514
0.0146*** 0.0214** 0.021**
IPR x R&D Intensity 0.8429 2.2488
0.2805*** 0.5743***
IPR x R&D Intensity? -6.1811
2.3459**
log GDP per Capita 0.8249 0.8224 0.8179 3.1424 4.9386 3.1005 4.0017
0.2076*** 0.207*** 0.2066*** 0.5677** 3.7801 0.5713*** 3.7732
log GDPpc x T -0.2451 -0.6283 -0.2422 -0.4403
0.057*** 0.774 0.0575*** 0.7728
log GDPpc x T? 0.0203 0.0107
0.0399 0.0399
Controls Country, Year, and Industry FE, Corporate Tax Rate
N 4977 4977 4977 4977 4977 4977 4977
R? 0.6463 0.6465 0.6559 0.6466 0.6624 0.7126 0.7137

Notes: * p<0.10, ** p<0.05, *** p<0.01. This table reports least-squares estimates of equation (18). The dependent variable is the log of the number
of affiliates of U.S.-based multinational firms by country, sector, and year, and is based on firm-level data from the BEA. IPR is the index of patent
protection from Ginarte and Park (1997) and Park (2008). T is the product lifecycle length, by industry, and is the average patent citation lag based
on data from the USPTO. R&D Intensity is the average ratio of R&D to sales by industry based on BEA data, and GDP per Capita (GDPpc) is from
the Penn World Table, Heston et al (2009). The sample period is 1982-2004. All regressions include country, year, and industry fixed effects, host-
country GDP per capita, and host-country corporate tax rates based on BEA data. Standard errors, adjusted for clustering at the country-level,
appear below each point estimate. The results are robust to clustering at the sector level, excluding the top five recipients of U.S. outward FDI, China
and India, and the chemical and pharmaceutical industries, as well as including country-specific time trends and country-year fixed effects.



Table 7: Host-country Patent Laws and Affiliate Activity, Firm-level

Dependent variable: Log affiliate sales
(€] 2 3 4 )] (6) @)
IPR 0.0873 0.5898 -4.0966 0.3491 -7.733 0.4584 -7.9673
0.0609 0.2685** 3.1421 0.4056 4.9015 0.4026 4.847
IPRxT -0.0537 0.9473 -0.0282 1.6988 -0.0386 1.7012
0.029* 0.6545 0.0419 1.0187* 0.0416 1.0134*
IPR x T? -0.0533 -0.092 -0.0906
0.034 0.0529* 0.0529*
IPR x R&D Intensity -0.1816 2.9381
0.4625 0.7437***
IPR x R&D Intensity? -13.8194
4.2491 %+
log GDP per Capita 0.853 0.8429 0.8479 1.4653 11.119 1.4762 11.8591
0.2448*** 0.2457** 0.2448*** 0.8055* 9.811 0.8058* 9.7964
log GDPpc x T -0.0665 -2.122 -0.0673 -2.2745
0.0872 2.0494 0.0872 2.0492
log GDPpc x T? 0.1092 0.1172
0.1056 0.1057
Controls Country, Year, Industry FE, Corporate Tax Rate
Log Parent Sales and R&D
N Observations 22505 22505 22505 22505 22505 22505 22505
R? 0.2004 0.2006 0.2007 0.2007 0.2008 0.2007 0.2017

Notes: * p<0.10, ** p<0.05, *** p<0.01. This table reports least-squares estimates of equation (20). The dependent variable is the log of sales
by affiliates of U.S.-based multinational firms by individual affiliate and year, and is based on firm-level data from the BEA. IPR is the index of
patent protection from Ginarte and Park (1997) and Park (2008). T is the product lifecycle length, by industry, and is the average patent citation
lag based on data from the USPTO. R&D Intensity is the average ratio of R&D to sales by industry based on BEA data, and GDP per Capita
(GDPpc) is from the Penn World Table, Heston et al (2009). The sample period is 1982--2004. All regressions include country, year, and
industry fixed effects, the log of parent-company sales, the log of parent-company R&D expenditures, host-country GDP per capita, and a
measure of host-country corporate tax rates from the BEA data. Standard errors, adjusted for clustering at the country-level, appear below each
point estimate. The results are robust to clustering at the sector level, excluding the top five recipients of U.S. outward FDI, China and India, and
the chemical and pharmaceutical industries, as well as including country-specific time trends.



Table 8: Host-country Patent Laws and Affiliate Activity, Firm-level, Firm Heterogeneity

Dependent variable Log affiliate sales
U.S. Parent Productivity U.S. Parent Productivity U.S. Parent Productivity
Low High All firms Low High All firms Low High All firms
(1) (2) (3) 4) (5) (6) (7) (8) 9)
IPR -12.2114 10.9268 -5.1439 -14.1185 2.9447 -18.0981 -14.5604 2.6936 -18.4396
3.3223*** 6.6321 3.2734 4.7783*** 8.0843 5.2991*** 4.775*** 8.0042 5.2776***
IPRxT 2.6485 -2.2068 1.1228 3.1032 -0.586 3.9265 3.1461 -0.5747 3.9539
0.7069*** 1.3807 0.6961 0.9957*** 1.6852 1.1033*** 1.0038*** 1.6739 1.1044***
IPR x T? -0.1421 0.1116 -0.0602 -0.1688 0.0297 -0.2114 -0.1694 0.0306 -0.2114
0.0375*** 0.0713 0.0369 0.0519*** 0.0874 0.0575*** 0.0528*** 0.087 0.0579***
IPR x High Productivity 5.8788 24.699 24.6332
1.4815*** 8.3335*** 8.3412***
IPR x T x High Productivity -1.1457 -5.2651 -5.2539
0.3164*** 1.7367** 1.7373***
IPR x T? x High Productivity 0.0553 0.2799 0.2796
0.0174*** 0.0902*** 0.0902***
IPR x R&D Intensity 2.9983 2.0103 2.7113
0.7859*** 1.1801* 0.7967***
IPR x R&D Intensity? -14.2084 -8.4809 -12.6312
4.226*** 5.6094 4.0268***
log GDP per Capita 0.975 0.7945 0.9109 6.5018 26.3546 20.9822 7.2094 26.7928 21.4414
0.2598*** 0.2906*** 0.2398*** 10.7325 15.1479* 11.3184* 10.7624 15.2519* 11.4003*
log GDPpc x T -1.3095 -5.2083 -4.3786 -1.4448 -5.3039 -4.4737
2.2702 3.1246 2.4122* 2.2791 3.1471* 2.4324*
log GDPpc x T? 0.0766 0.2639 0.2378 0.0834 0.2689 0.2427
0.1192 0.1593 0.1271* 0.1198 0.1605* 0.1284*
Country, Year, Industry FE, Corporate Tax Rate
Controls Log Parent Sales and R&D
N Observations 9286 11052 20338 9286 11052 20338 9286 11052 20338
R? 0.2083 0.2648 0.2386 0.2086 0.2657 0.2394 0.2097 0.266 0.2402

Notes: * p<0.10, ** p<0.05, *** p<0.01. This table reports least-squares estimates of equation (20) and its triple-differenced analog. Affiliates are categorized as
subsidiaries of Low and High Productivity parent companies using a simple above-median Solow residual criterion. The dependent variable is the log of
individual affiliate sales. T is the industry-specific average patent citation lag, R&D Intensity is the average R&D-to-sales ratio by industry, IPR is the index of
patent strength, and GDP per Capita (GDPpc) is per-capita GDP. | include but do not report interactions between High Productivity and variables involving GDP
per capita and R&D intensity. The benchmark survey data are from the BEA and were collected in 1982, 1989, 1994, 1999, and 2004. Standard errors, adjusted
for clustering at the country-level, appear below each point estimate. The results are robust to clustering at the sector level, excluding the top five recipients of
U.S. outward FDI, China and India, and the chemical and pharmaceutical industries, as well as including country-specific time trends.



Table 9: Exports Versus Multinational Activity

Dependent variable: Fraction of sales by multinational affiliates
(€] 2 3 4 )] (6) )
IPR -0.0002 -0.1142 -2.1914 -0.1364 -1.402 -0.2486 -1.132
0.0092 0.0474** 0.2966*** 0.0511*** 0.3696*** 0.0533*** 0.367**
IPRXxT 0.0118 0.4629 0.0141 0.2891 0.0242 0.2163
0.0049** 0.0668*** 0.0054** 0.0835*** 0.0056*** 0.0832**
IPR x T2 -0.0243 -0.0148 -0.0104
0.0037*** 0.0047*** 0.0047**
IPR x R&D Intensity 0.3894 0.592
0.064*** 0.2235***
IPR x R&D Intensity” -1.2662
0.8538
log GDP per Capita 0.0281 0.0284 0.0283 0.0681 -1.4166 0.065 -1.4194
0.0195 0.0193 0.0194 0.0686 0.5148*** 0.068 0.5152***
log GDPpc x T -0.0041 0.3174 -0.0038 0.3178
0.0066 0.1145*** 0.0066 0.1146***
log GDPpc x T? -0.0173 -0.0173
0.0064*** 0.0064***
Controls Country, Year, and Industry FE, Corporate Tax Rate
N 12651 12651 12651 12651 12651 12651 12651
R? 0.5237 0.5244 0.5274 0.5245 0.5281 0.5267 0.5297

Notes: * p<0.10, ** p<0.05, *** p<0.01. This table reports least-squares estimates of equation (18). The dependent variable is the ratio of affiliate
sales to the sum of affiliate sales plus U.S. exports by country, sector, and year, for affiliates of U.S.-based multinationals, and is based on firm-level
data from the BEA and export data from the U.S. Census Bureau. IPR is the index of patent protection from Ginarte and Park (1997) and Park
(2008). T is the product lifecycle length, by industry, and is the average patent citation lag based on data from the USPTO. R&D Intensity is the
average ratio of R&D to sales by industry based on BEA data, and GDP per Capita (GDPpc) is from the Penn World Table, Heston et al (2009). The
sample period is 1982-2004. All regressions include country, year, and industry fixed effects, host-country GDP per capita, and host-country
corporate tax rates based on BEA data. Standard errors, adjusted for clustering at the country-level, appear below each point estimate. The results
are robust to clustering at the sector level, excluding the top five recipients of U.S. outward FDI, China and India, and the chemical and
pharmaceutical industries, as well as including country-specific time trends, country-year fixed effects, and sector-year fixed effects.



Table 10: Flexible Estimation

Dependent variable: Indicator for any affiliates Log number of affiliates
Variable @ 2 (©)] “4) ©)] (6) @) ()]
IPR -0.0151 -0.0208 -0.0435 -0.0493 0.1562 0.042 -0.0034 -0.1061
0.0127 0.0109* 0.0145*** 0.0126*** 0.0574*** 0.0432 0.0524 0.0451**
IPRxT, 0.0591 0.0416 0.0618 0.0442 -0.0111 0.0677 0.0195 0.0964
0.0099*** 0.0113*** 0.0112*** 0.0124*** 0.0293 0.0409 0.0249 0.0398**
IPR X T, 0.0315 0.033 0.04 0.0416 0.0438 0.1177 0.0895 0.1589
0.006*** 0.0078*** 0.0061*** 0.0077*** 0.0213** 0.0348*** 0.0234*** 0.0376***
IPRX T, 0.0007 0.0105 0.0147 0.0245 -0.1072 0.0483 -0.0191 0.1302
0.0093 0.0105 0.0086* 0.0103** 0.0277*** 0.0365 0.0231 0.0367***
log GDPpc x T Quartiles N Y N Y N Y N Y
IPR x R&D Intensity Quartiles N N Y Y N N Y Y
Corporate Tax Rate and GDPpc Y Y Y Y Y Y Y Y
Country, Year, and Industry FE Y Y Y Y Y Y Y Y
N 15540 15540 15540 15540 4916 4916 4916 4916
R? 0.5295 0.5313 0.5309 0.5328 0.7039 0.7142 0.7088 0.7184

Notes: * p<0.10, ** p<0.05, *** p<0.01. This table reports least-squares estimates of equation (21). The dependent variable is based on the number of affiliates
of U.S.-based multinational firms by country, sector, and year based on firm-level data from the BEA, and is an indicator for any affiliates (columns 1-4) or the log
of the number of affiliates (columns 5-8). IPR is the index of patent protection from Ginarte and Park (1997) and Park (2008). T,, T3, and T, are the 2nd, 3rd,
and 4th quartiles of the product lifecycle length distribution, by industry, based on data from the USPTO. R&D Intensity is the average ratio of R&D to sales by
industry based on BEA data, and GDP per Capita (GDPpc) is from the Penn World Table, Heston et al (2009). The sample period is 1982--2004. All regressions
include country, year, and industry fixed effects, host-country GDP per capita, and a measure of host-country corporate tax rates based on BEA data. Standard
errors, adjusted for clustering at the country-level, appear below each point estimate. Standard errors, adjusted for clustering at the country-level, appear below
each point estimate.



Table 11: Patent Effectiveness, Anticipated Reforms, and Host-Country Credit Conditions

Panel A: Patent Effectiveness

Dependent variable: Log affiliate sales Log number of affiliates
Patent Effectiveness  Patent Effectiveness  Patent Effectiveness  Patent Effectiveness
Low High Low High Low High Low High
(€] 2 (©)] 4 ()] (6 )] (8
IPR 0.055 -0.8321 4.3335 -10.2991 0.9037 -1.1308 10.0963  -14.2651
0.4871 0.3199** 4.6496 2.21%* 0.8894 0.4563** 8.8397  3.7315%**
IPRXT 0.0016 0.0982 -0.8879 2.1329 -0.087 0.1289 -1.9964 2.9456
0.0499  0.0344**  0.9469  0.4577**  0.0921  0.0485**  1.8063  0.7714***
IPR x T? 0.0461 -0.1088 0.0989 -0.1503
0.0482  0.0236*** 0.0924  0.0398***
Controls Country, Year, and Industry FE, Corporate Tax Rate, log GDP per Capita and Interactions
N 2281 2696 2281 2696 2269 2683 2269 2683
R* 0.7087 0.7277 0.7104 0.7328 0.6157 0.6612 0.6166 0.6624
Panel B: Anticipated Reforms
Dependent variable: Indicator for positive sales Log affiliate sales Log number of affiliates
(€] 2 (©)] (@] ()] (6) )] (8 9
IPR -0.1892 -0.6489 -0.3379 -0.6394 -4.3688 -4.5616 -0.873 -7.647 -7.7959
0.056***  0.3568* 0.3489 0.3143*  2.2376*  2.1772**  0.4875* 3.8219** 3.8668**
IPRXT 0.0203 0.125 0.0342 0.0726 0.8654 0.8394 0.0935 1.5322 1.4764
0.0058***  0.0795 0.0769 0.0326**  0.4671* 0.4569* 0.0499* 0.7997* 0.8064*
IPR x T? -0.0059 -0.0001 -0.042 -0.0381 -0.0761 -0.0699
0.0044 0.0042 0.0244* 0.024 0.0419* 0.0422
R&D Intensity Interactions N N Y N N Y N N Y
Controls Country, Year, and Industry FE, Corporate Tax Rate, log GDP per Capita and Interactions
N 11877 11877 11877 4287 4287 4287 4265 4265 4265
R* 0.541 0.5475 0.5504 0.7294 0.73 0.7317 0.6583 0.6585 0.6594
Panel C: Placebo Test: Host-Country Credit Conditions
Dependent variable: Indicator for positive sales Log affiliate sales Log number of affiliates
@ @ (©)] Q)] 5 6) @ ()] ©
Credit -0.0141 -0.2836 -0.1495 0.0145 2.8669 2.7396 -0.1889 2.4037 1.7705
0.0505 0.2442 0.2379 0.2519 1.8073 1.8356 0.3874 3.0938 3.165
Creditx T -0.0004 0.061 0.0199 -0.0026 -0.6083 -0.611 0.0279 -0.5231 -0.4936
0.0051 0.0557 0.0541 0.0238 0.3741 0.3817 0.0384 0.6396 0.6703
Credit x T -0.0035 -0.0008 0.0321 0.0334 0.0292 0.0318
0.0032 0.0031 0.0193 0.0198* 0.0329 0.0353
R&D Intensity Interactions N N Y N N Y N N Y
Controls Country, Year, and Industry FE, Corporate Tax Rate, log GDP per Capita and Interactions
N 13579 13579 13579 4908 4908 4908 4889 4889 4889
R? 0.5259 0.5325 0.5332 0.7119 0.7124 0.7127 0.635 0.6351 0.6364

Notes: * p<0.10, ** p<0.05, *** p<0.01. This table reports three extensions of the main results. The top panel categorizes industries by
patent effectiveness, a measure obtained from Cohen, et al (2000); patent effectiveness is considered High for sectors with above-
median scores. The middle panel shows estimation results comparable to those shown in Tables 3 and 4, but observations known to
have involved pre-announced reforms associated with TRIPS (Kyle and McGahon 2009) have been omitted from the sample. The lower
panel shows the results of a placebo test in which a time-varying measure of host-country credit conditions is used in place of the patent
index. The index is from Djankov, et al (2007). In all regressions, T is the industry-specific product lifecycle length and IPR is the index
of patent protection. The sample period is 1982-2004. Standard errors, adjusted for clustering at the country-level, appear below each
point estimate.



Table 12: Growth in Affiliate Activity, Industry Level

Dependent variable: log(Salesy,,) - log(Salesy)
1) 2) 3) 4) (5) (6) ()
IPR; -0.0187 -1.1595 -14.6835 -1.2995 -16.3583 -1.0157 -15.8938
0.0699 0.2628*** 3.2119%** 0.4336*** 5.352] *** 0.5128* 5.1661***
IPRy X T 0.1188 2.9614 0.1334 3.2915 0.1064 3.1924
0.0273*** 0.6747*** 0.0466*** 1.1195%** 0.0536* 1.0835***
IPR, x T? -0.1489 -0.1651 -0.16
0.0355%** 0.0585*** 0.0568***
IPR; X R&D Intensity -0.5326 0.7051
0.4225 1.0574
IPR, X R&D Intensity” -4.1074
4.774
log GDP per Capita -1.0658 -1.0623 -1.0818 -0.7603 2.2582 -0.7405 2.0862
0.3139%** 0.3127*** 0.3078*** 0.7232 6.9763 0.725 6.9627
log GDPpcy x T -0.0314 -0.655 -0.0326 -0.6198
0.0713 1.4133 0.0713 1.4095
log GDPpc, x T2 0.032 0.0302
0.0726 0.0724
Controls Country, Year, and Industry FE, Corporate Tax Rate
N 3280 3280 3280 3280 3280 3280 3280
R? 0.1253 0.1278 0.1305 0.1278 0.1306 0.1281 0.1308

Notes: * p<0.10, ** p<0.05, *** p<0.01. This table reports least-squares estimates of equation (18). The dependent variable is the forward growth in the
log of affiliate sales over one period for affiliates of U.S.-based multinational firms by country, sector, and year based on firm-level data from the BEA. IPR
is the index of patent protection from Ginarte and Park (1997) and Park (2008). T is the product lifecycle length, by industry, and is the average patent
citation lag based on data from the USPTO. R&D Intensity is the average ratio of R&D to sales by industry based on BEA data, and GDP per Capita
(GDPpc) is from the Penn World Table, Heston et al (2009). The sample period is 1982-2004. All regressions include country, year, and industry fixed
effects, host-country GDP per capita, and host-country corporate tax rates based on BEA data. Standard errors, adjusted for clustering at the country-
level, appear below each point estimate. The results are robust to clustering at the sector level, excluding the top five recipients of U.S. outward FDI,
China and India, and the chemical and pharmaceutical industries, as well as including country-specific time trends and country-year fixed effects.



1 Appendix
A.1 Theory

This section includes detailed derivations of theoretical results appearing in the main body of
the paper.

Imitation incentives, equations (6)-(7): Southern entrepreneurs will pursue imitation of a
sector-j variety of maturity ¢ if the net present value Vj(&g,t, j) of doing so exceeds cost c,

max{0,T;—t—m}
/ e "v(s)ds]| .
0

Assuming there is no time discounting, and noting that the flow value v(s) = (1 + &g)m5, is
independent of time, we can obtain the following,

max{0,T;—t—m}
/ (14 &s)ms,ds
0

= (1+£&9)75, By [max{0,Tj — t —m}].

%(£S7t7j) = Em

‘/[)(557t7j) = En

Computing the expected value at right,
Enmax{0,T; —t—m}] = Ey[(Tj—t—m)l{m <T; —t}|+ E,[0-1{m >T; —t}]
T—t
= [ @t mypm)dm
0

T'—t2 T;,—t
e 0
m 0 m
(T - 1)
2m

)

we arrive at the net present value of imitation, equation (6)

N s (T =)
%(557t7]) - (1 +£S)7Tim : ‘727

Sourcing incentives, equations (8)-(11): Given g, a sector-j firm will begin offshoring man-
ufacturing activity at product maturity ¢ to maximize expected lifetime profit,

t T;
EL[IL;(t)] = /0 2nNds + Ep, Mt 275 1{t + m > s} + (1 +&s)m° - 1{t + m < s}]ds

27Vt + 275 Efmin{T; — t,m}]
= +(1+ &) Emax{0, T —t —m}], if t <Tj —7(Es)
27Nt + 279(T; — 1), if ¢ > T — 7(&s).



Notice that the expectations in the first case are

E,max{0,T; —t —m}] = (T]é;nt)Qas above, and
Eplmin{m, T~ )] = (Tj—t) P{m > Ty — t} + Blm - 1{m < T, — )]
= (T S Al v d
= @-0- (1= 22 [T e s
- Tj_t—Lj:t)Q.

2m

The firm’s objective in the first case is therefore

En[T(t)] = 22Vt + 275 <TJ - (sz;nt)2> + (14 £)rS <(Tj2;t)2> .

Optimizing over the initial offshoring maturity ¢, it is apparent that

T, —t T, —t
0 = 27V +27° <]—1>—(1—|—§5)7TS I
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The parameter values of the model dictate whether the firm does better by following this strategy
(i.e. offshoring at 7%(£s) as defined above), which subjects the firm to imitation risk, or whether it
is preferable to take the relatively conservative strategy of case 2, offshoring at 7(£s) and avoiding
imitation risk. Comparing lifetime profit under the two strategies, it is apparent as described in
equation (9) that bearing some imitation risk (case 1) is preferred, provided that the cost benefits
of manufacturing in the South are high relative to the impact of imitation. In either case, firms
follow a sector-invariant sourcing rule, whereby production is offshored at a time-to-obsolescence
that is a function of Southern intellectual property protection £g. This result implies a measure of
manufacturing activity in the North N;(£g) that is increasing in T at any £g: 8%‘7}5_5) > 0, which
is Proposition 1. ’

The distribution of revenues earned by Southern affiliates across sectors j is also determined
by the sourcing cut-off described by equation (9),

Tj
R;(&s) = / (2r°(1 = Kim(8)) + (1 + Es)r®mim (1)) ¥ (£)dt, (1)

max{0,T;—7*(£s)}

where 1;(t) = 1/Tj is the density of product maturities and Ky, (t) is the probability that a
maturity-t product has been imitated. It is straightforward to see that if product lifecycles are
so short that firms face no imitation risk (i.e. T; < 7({s)), Southern affiliates will perform all
manufacturing activity and earn 2r°. For firms in sectors that face imitation risk but nevertheless
manufacture in the South at all maturities (i.e. Tj € [T(£s),7"(£s)]), some measure of varieties



This implies that revenues earned by Southern

will be imitated at any point in time: ki (t) = %

affiliates will be

T;
<&@>=lé(w%fmm» (14 €5) - P kam(8)) o (1)t

Tj 1
= 29 (1 — 2%) + (1 +£s)r52%

For firms in longer-lifecycle sectors (with T; > 7%({g)), only the fraction with relatively mature

products will manufacture in the South. Of this fraction, a subset of varieties will be imitated at

()

any point in time: Ky (t) = . Total Southern-affiliate revenues in this case are

T;
RM@=:/ o) 2 R (0) 5 (145) i (1) 5 O

which, after a change of variables ¢ = ¢ — [T} — 7%(£g)] can be reduced to

m L

- le [(27”5 (T*(fs) - T*éii)g> +(1+ 55)7’57*5575)2] :
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We thus arrive at the steady-state distribution of affiliate revenues across sectors, equation (11).

Response to reforms, equations (12)-(13): When the South strengthens intellectual prop-
erty rights from £g to &g, the sourcing cut-off rises: 7*(§s) / 7%(€5). As a result, firms offshore
to the South manufacturing activity associated with marginal varieties. The remaining time to
obsolescence 7 of a marginal variety is such that it would not yet be offshored under the old patent
regime, but will be under the strengthened regime: 7*({g) < 7 < 7*(£5). The measure of varieties
manufactured in the North is thus higher under the old patent regime, as described by equation
(12) and as plotted in the middle panel of Figure 3.

Similarly, revenues earned by Southern affiliates will rise following the patent reform. This
reflects the increased measure of varieties manufactured there as well as an improvement in the
patent protection provided to existing imitated varieties. These distinct responses combine to gen-
erate an overall increase in observed affiliate revenues as described by equation (13). The pattern
of response across sectors is an implication of the steady-state distribution of affiliate revenues
described by (11). Notice that 7(£s) < 7(£s) < 7/(€s), so that each line of (13) is the difference
R;(&5) — Rj(&s). It is simple to show that analogous predictions hold in the cross section of coun-
tries with different levels of intellectual property rights protection.



Sector-level affiliate presence (0-1 margin), section 5.1: In a three-world country with
transport costs and plant-level economics of scale, a Southern patent reform may attract multina-
tional affiliates to a country-sector that previously had no foreign direct investment. As will be
shown below, this effect is more pronounced in sectors with long product lifecycles.

Consider three countries: N, S, and S. The North N has wages w” and patent protection
£y = 1 while the two Southern countries S and S share identical wages w® and patent institutions
¢5 < 1; as before, w" > w®. Following the approach in Helpman, Melitz, and Yeaple (2004), I
assume that transport costs are of the iceberg type and that firms face a fixed cost of establishing
a foreign affiliate; I also assume that this fixed cost differs across countries. Specifically, suppose
the cost of establishing an affiliate is f in country S, and is f; in country S, that f; > S
that an exporting firm or affiliate must Shlp ~ > 1 units for one unit to arrive at its destmatlon

Imitation incentives, as before, lead to a time-to-obsolescence cut-off 7(£g), similar to that
described in (7) and increasing in Southern patent protection g as before. Northern innovators,
however, now determine both the product maturity at which to begin offshoring production, and
how to organize offshore activity. In particular, firms must decide between 1) establishing one
offshore affiliate that serves both Southern markets, and 2) establishing two offshore affiliates, one
in each Southern country. Which of these two strategies is optimal depends on the firm’s objective
function, similar to equation (8).

Specifically, given &g, a sector-j firm will begin offshoring manufacturing activity at product
maturity ¢ to maximize expected lifetime profit,

EplIL ()] = /0 " rods + max {Em [ /t N Alj(s)ds} En [ /t N AQj(s)ds] } ,

where net post-t profit with one offshore affiliate A;;(s) or two offshore affiliates Ay;(s) is

Aj(s)=1{t+m>s} - m+1{t+m< s} -m(&s) — f
Agj(s):1{t—|—m>8}'7T2+1{t+mSS}'T‘—Z(fS)_i_?a

and m is the random time required for imitation. In the expressions above, gross profit earned by
an unimitated firm with zero, one, or two offshore affiliates (7, 71, and 7o, respectively) is

mo=A(L) T - p) 2y )
P o—1
T = A ((U)N)O‘(ws)l_“) (1—p)(1+29'77)

o—1
Ty = A <(w1\7)a(pr)1—a> (1-p)(2 +’Yl_a>7

while gross profit earned by an imitated firm with one or two offshore affiliates (71(€g) and m2(£s),
respectively) is

mi(es) = A (o) (L= p)(es + (14 €s17')
o—1
m(€s) = A <(W\/)a(pwg)1_a> (1—p)(26s+~+'77).



For simplicity, suppose model parameters are such that firms follow the optimal offshoring strategy
analogous to the first case in (9), initiating production in the South once the product is within
7*(&s) = 7T(£g) time to obsolescence. Then,

En[I1;(t)] = mo(Tj — 7(&s)) + max {7(&s) - m — f,7(Es) - ma— f — [}

The firm will establish two Southern affiliates when offshoring first begins only if

T(Es) -ma— f—F>T(&s) -mi— [,

which is true only if the product has a sufficiently long remaining economic lifetime when offshoring
first begins: _ _
7(&s) > f(ma —m) ™t = F(w™,w®, f).

For firms in sectors with T; > 7(£g), an improvement in Southern patent protection from g to
&5 > &g leads to affiliate activity in S for the first time whenever 7(&%) > F(w,w’, f) > 7(&s).
In such cases, however, firms in sectors with 7; < 7(£s) are unaffected, because products in these
sectors do not have sufficiently long economic lifetimes to offset the fixed cost of establishing an
affiliate in S. Thus, an improvement in patent protection in the South may generate direct invest-
ment by multinationals in countries and sectors that previously had none, but this effect arises only
in sectors with sufficiently long product lifecycles.

A.2 Data sources and variable construction

Product lifecycle lengths: In this paper, I construct a new measure of product lifecycle lengths
based on information contained in the NBER Patent Citations Data File (Hall, et al 2001). A list
of forward-citations was compiled for each U.S. patent granted between 1976 and 2006. For each
patent, I compute the distribution of average within-15-year forward citation lags, and thereby ob-
tain class-level moments including the mean, 75 percentile, and 85 percentile. My main proxy
for product lifecycle lengths Tj is the sector-specific mean. At the patent class level, T} has an
average of 8.43 years and a standard deviation of 0.32. There is also variation across individual
patents within each patent class, averaging 4.5 with a standard deviation of 0.45; the correlation
between T\j and this within-class variation is low, however, at 12.8%. Correlations between fj and
other key sector-level characteristics at the SIC 3-digit level such as labor and capital intensity and
measures of patent and secrecy effectiveness are described in the text, and are generally under 10%
with the exception of R&D intensity, with which the correlation is -32%.

I also compare IA’J with alternative product lifecycle measures as described in section 3. In addi-
tion to 75"~ and 85""-percentile citation lags and existing broadly-categorized measures of patent
decay rates, I construct separate class-level proxies based on U.S. patent renewal data. U.S. utility
patents issued on or after December 12, 1980 are subject to maintenance fees, which must be paid
to keep the patent in force. Maintenance fees are due 3 1/2, 7 1/2 and 11 1/2 years from the date of
the original patent grant (see http://www.uspto.gov/patents/process/maintain.jsp). Using USPTO
maintenance fee data (available through Google; see http://www.google.com/googlebooks/uspto-
patents-maintenance-fees.html), which records the dates of all maintenance fee events by patent,
I compute each patent’s duration, and thereby construct a distribution of patent durations by
patent class. I then compute moments of this distribution including the mean, 75" percentile,



and 85" percentile durations. I find that the average renewal-based proxy is minimally correlated
with fj, while higher levels of correlation (approximately 30%) obtain for the for the 75t"- and
85"-percentile proxies. Robustness checks based on the 85"-percentile renewal-based proxy also
reveal that firms in high-T" sectors are significantly more sensitive to patent protection than firms
in fast-turnover sectors. Note, however, that there are important differences between my preferred
measure and renewal-based measures: a key distinction is that fj is informed by technological links
between patents, while renewal-based measures are limited to information contained only within
each individual patent. Because firms’ renewal strategies for individual patents on average differ
across sectors for reasons unrelated to technology durability (for example, innovation success rates
or the competitive conditions within an industry), this alternative proxy, much like the turnover
rates in Broda and Weinstein (2010), may capture variation beyond that which 7" is meant to reflect
in the model.

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 inter-
vals, and is 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. Further details are described at length in the two aforementioned publications. Based on
additional empirical analysis, it is apparent that the most important components of the index for
my results are the enforcement and membership sub-indexes. I thank Walter Park for generously
providing me with the complete panel of sub-indexes.

Multinational activity: Confidential data on the activity abroad of U.S. multinational firms
is provided by the Bureau of Economic Analysis through a sworn-status research arrangement.
The data include detailed financial and operating information for each foreign affiliate owned (at
least a 10% share) by a U.S. entity. The data variables used for this project were extracted from the
BEA’s comprehensive data files for each benchmark year, and then merged by parent and affiliate
identification numbers to form a complete panel. Observations were excluded if a) values were
carried over or imputed based on previous survey responses; b) the firm in question was in a sector
that did not correspond to any patent class, according to the USPTO concordance described above;
or c¢) the observation was a new entrant in the final year (2004) with a NAICS classification that
could not be definitively matched to a SIC code in the industry sample. Of the approximately 55
sectors in the overall benchmark dataset, 37 primarily manufacturing sectors are included in my
dataset; this corresponds to approximately 1000 U.S.-based parent companies per year, each with
an average of ten foreign affiliate operations.
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