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INTELLECTUAL PROPERTY PROTECTION AND THE INDUSTRIAL
COMPOSITION OF MULTINATIONAL ACTIVITY

OLENA IVUS, WALTER PARK and KAMAL SAGGI"

In a North-South model with endogenous foreign direct investment (FDI), we
examine the impact of Southern intellectual property rights (IPR) protection on the
mode and industrial composition of international technology transfer. A novel feature
of the model is that, due to technological reasons, industries differ with respect to their
susceptibility to imitation. In equilibrium, licensing occurs in industries where the risk
of imitation is low and FDI where it is of intermediate magnitude. Stronger IPRs in the
South (1) alter the industrial composition of multinational activity toward licensing at
the expense of FDI; (2) reduce local imitation; and (3) increase licensing and, to a lesser

extent, FDI. (JEL F10, O34)

I. INTRODUCTION

The conclusion of the last successful round
of multilateral trade negotiations in 1995, that is
the Uruguay Round, formally marked the emer-
gence of the World Trade Organization (WTO).
Another notable achievement of the Uruguay
Round was the ratification of the Agreement on
Trade-Related Aspects of Intellectual Property
Rights (TRIPS). As is well known, major devel-
oping countries resisted this multilateral agree-
ment almost as fiercely as it was promoted by the
United States and the European Union. An impor-
tant source of the conflict had to do with how
the two sides viewed, and to some extent con-
tinue to view, the likely impact of strengthening
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intellectual property rights (IPRs) protection in
developing countries on international technology
transfer to their markets. Indeed, as per Article
7 of TRIPS, an important objective of the agree-
ment is that “the protection and enforcement of
intellectual property rights should contribute ...
to the transfer and dissemination of technology
to the mutual advantage of producers and users of
technological knowledge.” If achieved, increased
technology transfer would be viewed as just com-
pensation by developing countries in return for
making their intellectual property regimes TRIPS
compliant. However, this outcome is hardly guar-
anteed; the actual impact of TRIPS on the transfer
of technology is likely to depend on a com-
plex set of interactions in the global economy.
For example, while stronger IPRs may encourage
technology transfer through market-based chan-
nels such as foreign direct investment (FDI) and
licensing, they simultaneously restrict the trans-
fer of technology through nonmarket channels
such as imitation and reverse-engineering.! The

1. Of course, imitation and reverse-engineering are non-
market based only in the sense that innovators do not directly
participate in and benefit from these activities. In every other
sense, these activities are market based since, like innovators,

ABBREVIATIONS

FDI: Foreign Direct Investment

IPR: Intellectual Property Right

TRIPS: Trade-Related Aspects of Intellectual Property
Rights

WTO: World Trade Organization

doi:10.1111/ecin.12314
Online Early publication December 26, 2015
© 2015 Western Economic Association International



IVUS, PARK & SAGGI: PATENT PROTECTION AND MULTINATIONAL ACTIVITY 1069

net effect of these opposing tendencies on aggre-
gate technology transfer is far from obvious.?

One factor likely to be important in determin-
ing the overall effect of TRIPS on multinational
activity and technology transfer is the variation in
imitation risk across industries. For example, it is
often argued that patent protection is crucial for
incentivizing innovation in the pharmaceutical
industry because the cost of imitating a typical
medicinal drug is minuscule relative to the cost
of inventing one. Indeed, the relative ease of imi-
tation and the nonenforcement of foreign patents
allowed a developing country such as India to
establish successfully a local pharmaceutical
industry prior to the ratification of the TRIPS
agreement. On the other hand, firms in most
developing countries have found it extremely
difficult, and usually outright impossible, to
imitate complex manufactured goods such as
automobiles and airplanes even though local IPR
policy (prior to TRIPS) hardly prevented them
from doing so.

Data exist that strongly support these
premises.> For example, in the case of tech-
nology transfers of U.S. multinational firms in
developing countries in the manufacturing indus-
try, the average firm’s arms-length licensing is
less than 30% of its total licensing. This smaller
share of unaffiliated licensing in total licensing
reflects the greater “imitation risk” associ-
ated with conveying technological information to
external parties compared to keeping information
internal within the subsidiary. Furthermore, the
average firm’s share of unaffiliated licensing in
total licensing varies across different manufactur-
ing industries and corresponds with the variation
in imitation risk across sectors. For example, in
the pharmaceutical industry, per firm, unaffili-
ated licensing is about 10% of total licensing.

imitators respond to the profit incentive provided by the mar-
ket place—see Grossman and Helpman (1991).

2. Empirical evidence is generally favorable to the idea
that stronger IPR protection in the South generates more
technology transfer via licensing and FDI—see the specific
evidence in Branstetter, Fisman, and Foley (2006), Branstetter
etal. (2011), Javorcik (2004), Lee and Mansfield (1996),
and the overview discussion in Maskus (2000) and Park
(2008). However, imitation is difficult to measure with any
real precision because it is not market mediated like licensing
and FDIL.

3. These data are based on surveys of multinational firms
and trade in services conducted by the U.S. Bureau of Eco-
nomic Analysis (BEA)—namely, the BE-11, BE-093, and
BE-125 surveys—and our own calculations. The measure of
licensing referred to in this section is licensing fees and roy-
alty receipts earned by parent firms from affiliates and unaffil-
iated parties in 89 developing countries over the 1992—-2009
period.

In the nonpharmaceutical chemical industry, this
share is approximately 15%. In contrast, per
firm, nearly half of all licensing in the equipment
industry and about 45% in the transportation
industry (i.e., motor vehicles and aerospace)
is to unaffiliated parties. The overall volume
of licensing, across firms, in the transportation
and equipment industries is also much greater
than in the chemicals industry; for example,
the chemical industry as a whole (including
pharmaceuticals) accounts for one-fifth of total
arms-length licensing in the manufacturing
industry, while equipment and transportation
account for two-thirds. Thus, a greater level and
share of unaffiliated licensing occurs in indus-
tries that produce technologically sophisticated
products, the underlying technologies of which
are complex in that they “cannot be understood in
detail by an individual expert and communicated
precisely among experts” (Rycroft and Kash
1999). The sophistication of these products is an
inherent barrier to technological leakage, thereby
limiting imitation.* In contrast, pharmaceutical
and other chemical products are characterized by
technologies that are simple and easy to detail,
making their imitation relatively easier.

These observations suggest that to obtain
a more nuanced understanding of the con-
sequences of changes in IPR protection in
developing countries necessitated by TRIPS, it
is important to account for the fact that imitation
risk, and indeed the value of patent protection,
varies across industries. Yet, existing analyses of
IPR protection in an international setting have
generally tended to ignore the variation in imi-
tation risk across industries—see, for example,
the classic works of Grossman and Helpman
(1991) and Helpman (1993) and the more recent
contribution of Branstetter and Saggi (2011).

In this article, we develop a simple general
equilibrium model of an innovative North and an
imitative South in which there exists a continuum
of industries that differ with respect to their tech-
nological complexity and therefore in the risk of
imitation faced by them. Each industry is popu-
lated by firms that produce differentiated prod-
ucts. Imitation begins with technology leakage to
the South. Once Southern firms imitate a novel
Northern technology, they begin local production
of the imitated product in the South. The risk of
Southern imitation is high when the technology

4. For example, the complexity of industrial machinery
products makes imitation costly, whether or not the products
are patented (Levin et al. 1987).
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is easy to specify and communicate. A North-
ern firm seeking access to the Southern market
is faced with the choices of: (1) producing in the
North; (2) establishing a fully owned subsidiary
in the South (i.e., undertaking FDI); or (3) licens-
ing its proprietary technology to an arm’s length
Southern firm. Each of these choices entails its
own costs and risks. Confining production to the
North eliminates technology leakage to Southern
firms and so entails no imitation risk, but pre-
cludes the cost savings arising from lower wages
in the South. Undertaking FDI takes advantage
of lower Southern wages, but also carries the cost
of establishing a subsidiary as well as the risk of
imitation.” Finally, arm’s length licensing avoids
both the costs of establishing a subsidiary and
the higher wages in the North, but requires some
form of profit sharing and also carries the highest
risk of imitation.

Because industries can be ranked in our model
according to their level of technological sophisti-
cation (which in turn determines the risk of imi-
tation faced by them), two threshold levels of
technological sophistication determine equilib-
rium mode choices. To the left of the first thresh-
old are complex product industries, where the
risk of imitation is quite low. In these industries,
Northern firms transfer their proprietary technol-
ogy to the South via arms-length licensing con-
tracts. To the right of the second threshold are
discrete product industries, where the risk of imi-
tation is so high that Northern firms choose to
retain production in their home market. Industries
that lie in the middle-ground between the two
thresholds are the ones that end up establishing
production in the South via FDI. Consequently,
the range of industries in which technology is
transferred through imitation, licensing, and FDI
is endogenously determined in our model.

This configuration of industries, as described,
is consistent with the empirical analysis of Ivus,
Park, and Saggi (2015), who analyze a large
data set of the FDI undertaken by U.S. multina-
tional firms. Ivus, Park, and Saggi (2015) report
that the volume of arm’s length licensing is

5. Shifting production to the South introduces a higher
risk of imitation because local employees can misappropriate
the firm’s technology to start up imitative production—see
Ethier and Markusen (1996), Glass and Saggi (2002a), Lai
(1998), Markusen (2001), and Poole (2013). Empirical evi-
dence indicates that even in an advanced economy such as
the United Kingdom, geographic proximity is an important
factor determining the speed at which the productivity of
lagging firms catches up to that of firms on the technology
frontier—see Griffith, Redding, and Simpson (2009).

greater among firms in complex product indus-
tries than among those operating in discrete prod-
uct industries. This article provides a theoretical
framework for explaining observed industry dif-
ferences in the mode of international technology
transfer on the basis of industry-level variation in
imitation risk.

For instance, by directly lowering imitation,
a strengthening of IPR protection in the South
affects technology transfer in two ways. First,
within each industry, multinational production
(carried out via licensing or FDI) expands at
the expense of imitated production. This within-
industry shift is strongest in industries where
IPRs are most effective, that is, in industries
that have the lowest level of technological com-
plexity. Second, the total number of industries
that engage in multinational activity increases as
intellectual property becomes more secure in the
South. This increase in the extensive margin of
multinational activity is driven primarily by an
increase in the number of industries engaged in
licensing. In fact, the set of industries in which
FDI occurs does not necessarily increase and
can even shrink. This result resonates quite well
with a key insight of the literature that explains
the emergence of multinational firms: the incen-
tive to internalize transactions by establishing a
wholly owned subsidiary in a foreign country
declines when market exchange of technology
across national borders becomes more secure, see
Markusen (1995, 2001) and Ethier and Markusen
(1996).

An interesting implication of the model is that,
while stronger IPR protection in the South low-
ers the imitation risk facing all Northern indus-
tries, a greater number of industries are willing
to become potential targets of Southern imita-
tors due to the overall expansion in multina-
tional activity. The model also predicts that a
strengthening of Southern IPR protection reduces
technology transfer to the South through imita-
tion although licensing and FDI play competing
roles in this result. While Southern production
derived from imitation of FDI decreases, that
derived from imitation of industries with licens-
ing increases. Because imitation in industries
where licensing serves as the channel of interna-
tional technology transfer is low to begin with,
the reduction in imitative production within each
such industry is small. At the same time, the
expansion in licensing activity across industries is
strong so that the scope for imitation of licensed
technologies rises by creating more industries in
which licensing occurs. Industries in which FDI
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is the preferred means of Southern production
respond differently: here, the reduction in imi-
tated production within each industry is relatively
large whereas the expansion in imitated produc-
tion across industries is weaker. As a result, post-
IPR reform, FDI becomes a less important source
of imitation for the South.

The major modeling contribution of the arti-
cle is to bring together licensing, FDI, and imi-
tation in a simple general equilibrium model
wherein imitation risk varies across industries.
Yang and Maskus (2001) provide an analysis
of the effects of Southern IPR protection in a
North-South product cycle model where technol-
ogy transfer occurs via licensing but they do not
consider FDI while Glass and Saggi (2002b) con-
sider both licensing and FDI but ignore imitation.
In our model, the choice between licensing and
FDI is based on the relative risk of imitation con-
fronting the two arrangements, the rent sharing
involved under licensing, and the costs of under-
taking FDI. Because our interest is in the impli-
cations of internalization, we take these features
of licensing and FDI to be given. An alternative
approach would be to motivate internalization
from the ground up by explicitly modeling the
incompleteness of the licensing contract relative
to FDL.” For example, Antras (2005) has devel-
oped a North-South product cycle model with
ongoing standardization where the incomplete-
ness of international contracts determines the
choice between arms-length technology transfer
and FDI.

More recently, in an insightful contribution,
Bilir (2014) develops and empirically tests a
model in which the FDI decisions of firms depend
upon the respective life cycles of the products
sold by them. She argues that firms selling prod-
ucts with shorter life cycles are less sensitive to
imitation risk because imitation is less likely to
occur before obsolescence. Like us, her model
captures the idea that the risk of imitation faced
by firms from developed countries varies across
industries and that such variation should affect
the composition and extent of multinational activ-
ity. However, unlike Bilir (2014), the model we
develop is general equilibrium in nature and the
endogeneity of wages plays an important role in
our analysis. Second, we consider how IPR pro-
tection affects the choice between licensing and

6. Ivus (2011) also permits imitation risk to differ across
industries but does not allow Northern innovators to undertake
multinational activity of any type.

7. Ethier (1986) provides an early general equilibrium
model of internalization based on such an approach.

FDI, an important question that is not addressed
by Bilir’s analysis.

The rest of the article proceeds as follows.
Section II develops the model while Section III
describes its equilibrium. In Section IV, we ana-
lyze the impact of a strengthening of Southern
IPR protection on the magnitude and composition
of multinational activity. Section V discusses the
empirical implications and Section VI provides
a brief conclusion. All necessary derivations and
proofs are contained in the Appendix.

Il. MODEL

Assume the world consists of two regions:
an innovative North and an imitative South. A
continuum of industries indexed by ze€ [0, 1]
exists, with each industry being composed
of n(z) innovated products and n*(z) imitated
products. Innovation is proportional to the total
number of products N(z) already in existence
in industry z, where N(z)=n(z)+n"(z). As
such, the total number of products within each
industry evolves according to N (z) = gN (2),
where g is the constant (and exogenous) inno-
vation rate. Imitation is proportional to the
number of innovated products in industry z. The
number of imitated products evolves accord-
ing to n*(z) =m()n(z), where m(z) is the
industry-specific imitation rate. In the steady
state, the relative number of imitated products is
n()=n")/n(z) =m(z)/g.?

To model cross-industry variation in imitation,
we let imitation rate depend on the industry index
z as follows: m(z)=pz. As is clear, the rate of imi-
tation rises with z. Imitation is low in low z indus-
tries composed of complex products, and high
in high z industries composed of discrete prod-
ucts. The imitation rate also depends upon the
strength of Southern IPR protection, captured by
the parameter p. By assumption, IPRs are per-
fectly enforced in the North so that p=0 in a
Northern industry z. In the South, the enforce-
ment of IPR protection is weak and p > 0.

Depending on the imitation rate m(z), North-
ern firms in each industry decide whether to: (1)
produce in the North; or (2) establish a fully
owned subsidiary in the South (i.e., FDI); or

8. The relative number of imitated products within each
industry changes over time according to 1(z) =m(2) —
gnz (z) — [g — m(z)] N (). Setting 1 (z) to zero, we find that
the steady state relative number of imitated products in each
industry is n(z) = m(z)/g.
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else, (3) directly license their proprietary tech-
nology to arm’s length Southern firms. Confin-
ing production within the North avoids imitation.
FDI is relatively more risky, because it requires
firms to transfer proprietary technical informa-
tion to their subsidiaries in the South, which in
turn may be misappropriated by the subsidiary’s
employees and used to start up imitative pro-
duction (Ethier and Markusen 1996; Glass and
Saggi 2002a; Markusen 2001; and Poole 2013).
Greater still is the imitation risk when technol-
ogy is transferred through licensing. While FDI
involves technology transfer to a wholly owned
subsidiary (i.e., a controlled nonarm’s length
entity), licensing involves sharing technology
with arm’s length Southern firms which are gen-
erally independent of control. As is known from
the work of Horstmann and Markusen (1987), the
inability of the firm to control the actions of a
licensee creates an incentive to internalize trans-
actions through FDI. Following this discussion,
we specify the imitation rate as follows:

ey

0 if industry z produces in the North
pz if it undertakes FDI

1z if it licenses its technology

m(z) =

so that 1>1 measures the licensing risk pre-
mium.’

Consistent with the existing literature, we
model a strengthening of Southern IPR protec-
tion as a reduction in the risk of imitation across
all industries as captured by the parameter p.
While stronger IPR protection in the South low-
ers the imitation risk in all industries, the impact
is strongest in high z discrete product indus-
tries. Products in these industries depend on the
strength of IPRs the most because their underly-
ing technologies can be easily communicated and
misappropriated. Moreover, patent protection is
strong in these industries, because their under-
lying technologies are simple enough that they
can be easily described in a patent and inventing
around a discrete product patent is hard. Anand
and Khanna (2000) note in this respect that a
pharmaceutical patent is hard to invent around
“since a slight change in the underlying gene
sequence of a protein can result in very different
functions.” By contrast, IPR protection is rela-
tively ineffective in low z complex product indus-
tries, because it is difficult to describe clearly the

9. Because there is no imitation in the North, the total
number of products within each Northern industry z is
N(z) =n(z).

know-how embodied in the underlying technolo-
gies in a patent and so prevent patent infringe-
ment. Our assumption about the cross-industry
difference in the impact of IPR protection is well
supported by empirical evidence. For example,
Levin et al. (1987) and Mansfield, Schwartz, and
Wagner (1981) found that patents raise imitation
costs by 30—40 percentage points in drugs and
15-7 points in electronics.

A. Tastes

The two regions have identical tastes. The
instantaneous utility function of the representa-
tive consumer is given by:

2)
1 N(2) 1/y
U= / b@In[c@)]dz, c(2) = [Zc;’(z)] :
0 i=0

where c;(z) denotes the consumption of product
i in industry z. y=(c—1)/c, with 6> 1 being
the constant elasticity of substitution in consump-
tion, b(z) is the budget share spent on products of
industry z, and /01 b(z)dz = 1. We assume that
the budget share 1s the same across all z so that
b(z)=1.

The demand for product i in industry z is as
follows:

3) ¢;(@=p°QE/P'" (),

where p;(z) is the price of product i in industry
P = Zf_i(é) pl.l“’(z)]l/ (1-9) i5 the overall price
index for industry z, and E is total expenditure.

B. Technologies and Endowments

The North and the South are endowed with
L and L” units of labor, respectively. One unit
of labor produces one unit of output in both
regions, and no labor is required for innova-
tion or imitation (because these are assumed to
be exogenous).

A Northern firm charges a monopoly price
as long as its product has not been imitated.
Given the preferences specified in Equation (2),
the standard monopoly-pricing rule applies to
innovated products. For any Northern product,
the price p equals a fixed mark-up above marginal
costs of w; hence p=w/y. For any innovated
product manufactured by a Southern subsidiary
or a licensee, the price p,, equals a fixed mark-
up above marginal costs of w”; hence p,, =w"/y.
Once an innovated product is imitated, it is in
the public domain and thus, imitated products are
competitively priced: p* =w".
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C. Production Decisions

Let Vi(z) represent the expected present
discounted value of the stream of profits for
a Northern firm which engages in one of the
three activities: Northern production (j =), FDI
(j=F), or licensing (j=A). At every point in
time, the Northern firm in each industry chooses
the maximum of the three options given by
V(2)=max[VN(z), VF(z), VA(z)]. The expected
present discounted value of the stream of profits
from Northern production is VV(z)=x"(2)/r,
where 1V (z) denotes instantaneous profits earned
by producing in the North and r the discount rate.
A Northern firm that engages in FDI or licensing
faces the risk of imitation. Once imitation occurs,
the Northern firm’s future profits are driven to
zero. Hence, the expected present discounted
value of the stream of profits from these two
activities is risk-adjusted: V¥(z) =n(2)/[r + pz]
and VA (z) = (2)/[r +1pz]).10

The instantaneous profits a firm earns
from Northern production are given by
7V (z) = [p — wly(z), where p=w/y and the out-
put per product is y(z)=p~ °(E+E")/P'~°(2).
FDI requires a firm to incur a cost of setting
up and managing production in the South.
We assume a proportion (1 —7) of output
is used to cover these investment costs and
so instantaneous profits under FDI are given
by nf(2)=7lpy —w'lyy(2), where py =w'ly
and yy (2) =p,; (E+E) /P'=°(z). Licens-
ing involves rent sharing with the Southern
licensee.!! If A denotes the Northern licen-
sor’s share of profits, then its instantaneous
profits under a licensing agreement are
@) = [Apy = w Iy ().

10. If a Northern firm decides to engage in FDI, then in
a small time interval of length df it earns a stream of profits
7f(z, 1)dr. The probability of imitation in a time interval dr
equals pzds. With probability pzdz, future profits are zero.
With probability 1 —pzds the Northern firm earns future
profits, which are discounted at the rate of rdr. The expected
present discounted value of the stream of profits from FDI is
VE(z, ) =nf'(z,t)dt + [1 = rdf][1 — pzdf]VF (z,t + df). Rear-
ranging, we obtain: [VF(z,t4+dt)— V(@ 0l/dt=[r+
[1—rduzlVF(z,t+dD) — 2l (z,1).  Now  letting  dr
approach zero and simplifying, we find that V¥ (z1) =
[r + pz] VF (zt) — nF (zf). In steady state, V¥ (zf) = 0 and so,
VE(2) =l (@)/[r + pz).

11. Itis generally acknowledged that the market for tech-
nology licensing is imperfect (e.g., due to limited informa-
tion and uncertainty in the outcomes of licensing transac-
tions) and that these imperfections limit the licensor’s ability
to extract rents from the licensee. See the classic paper by
Caves, Crookell, and Killing (1983) and the ample literature
inspired by it.

Of note, we allow the licensor’s rent share to
depend upon the strength of IPRs and industry:
A=A, z). The licensor’s rent share is expected
to be positively related to the strength of Southern
IPRs (i.e., negatively related to p). IPR protec-
tion affects the nature of the licensing contract;
it reduces the costs of achieving mutually agree-
able licensing contracts and strengthens the licen-
sor’s bargaining power (Yang and Maskus 2001).
Also, patents generally increase imitation costs
across industries (Levin et al. 1987; Mansfield,
Schwartz, and Wagner 1981) and so are expected
to reduce p and increase A. Gallini and Wright
(1990) further show that in the presence of asym-
metric information, a licensor will find it optimal
to share rents with the licensee to deter imita-
tion, with the degree of rent sharing declining
with imitation costs. As such, the licensor’s rent
share is also expected to be negatively related to
the industry index z. The risk of imitation is low
in low z industries, so the share of rents earned
by the licensor is expected to be higher. It proves
useful to define the Northern licensor’s rent share
as follows:

“4) Az =2/ (1 +12).

The rent share is negatively related to the
imitation rate pz. It is at its maximum of A,
when IPRs are perfectly enforced in the South
(p=0). When p>0, the rent share falls from
its maximum of A, at z=0 to its minimum of
ho/(1+p)atz=1.

A Northern firm in industry z will choose FDI
over Northern production if risk-adjusted profits
from FDI exceed profits from Northern produc-
tion: ©f'(z)/[r + pz] > ¥ (z)/r. Using the solutions
for nV(z) and (), we find:

7 (2) S ™ (2)
+ Hz r

3) Vi@ >V if

z
0> 1+ He ,
-

where o=w/w" is the relative Northern wage.
Similarly, a Northern firm in industry z will
choose licensing over Northern production and
over FDI if profits from licensing, adjusted for
high risk, are sufficiently high:

o (2) )
r+1uz r

Ao > 1+ e
r

©6) VA > VN if
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@ 7@
r+uz r+puz
A

ﬁ S r+1pz.

T r+ Uz

7 VAR > Vi) if or

Rewriting Equations (5)—(7) as equalities and
using Equation (4), we find three equalized profits
schedules:

®) F(zp.o)=10""'-1-—=—==0;
r
© N _
A(EA,w)E< 0_ >w“_]—l—ﬂ=0,
1+ pzp r
- 1 }\.O r+1pz
(100 z(z)=- - = =0.
T\ 1+pz r+pz

The schedule F (ZF,(D) associates with each
value of the relative Northern wage o a cut-off
industry zp such that the expected present value
of the stream of profits a Northern firm receives
from FDI is equal to the expected present value of
the stream of profits from Northern production.
Similarly, the schedule A (ZA, u)) associates with
each value of ® a cut-off industry z, such that the
expected present value of licensing is equal to that
of Northern production. Both schedules are pos-
itively sloped because a higher relative wage in
the North implies a greater cost advantage arises
from producing in the South. Both licensing and
FDI are thus more profitable than Northern pro-
duction, and Northern firms in new industries
decide to face the risk of imitation associated with
producing in the South.!?

The schedule Z (E) defines a cut-off industry
z in which firms are indifferent between licens-
ing and FDI. A Northern firm’s choice between
licensing and FDI is independent of the relative
Northern wage o, and depends on parameters A,
T, r, 1, and p. We assume that these parameters
satisfy the following inequality:

I+ -+
RS A 2

an r+p

>)\,0>T,

so that relative to FDI, licensing is more prof-
itable in the industry with no imitation risk

12. The rate at which z, and z rise as ® goes up depends
on the elasticity of substitution, ¢. If ¢ < 2, the profitability of
FDI and licensing relative to Northern production rises slowly
50z, and zp rise slowly as  goes up. In other words, Northern
and Southern labor are poor substitutes, so a larger adjustment
in o is required for any change in the cut-offs z, and zj.

FIGURE 1
The Equalized Profit Schedules
o 1+u w
w1 (%) " (1+)
Licensing FDI
A(Zy, w)
u
= (1 + ;)
w?™ F(Zr, ©)
/ Northern
1/t production
1/2
0 Z=2) Zp 1 z

(i.e., for z=0) but less profitable in the indus-
try with highest risk (i.e., at z=1). It follows
from Equation (7) that when z=0, licensing is
preferred over FDI if the proportion of profits
a Northern firm retains from licensing exceeds
the proportion it retains from FDI: A, > t. When
z=1,FDlis preferred over licensing if the licens-
ing risk premium 1 is such that the risk-adjusted
profits the Northern firm retains from FDI exceed
the share of risk-adjusted profits it obtains from
licensing: ©/[r 4+ p] > Ao/[(1 + p)(r +1)].

Figure 1 plots Equations (8)—(10) with 0!
on the vertical axes and z on the horizontal axes
when all three activities occur in an equilibrium.
Along the F (Zp, ®) schedule, o~ ! =1/t at z =
Zr=0and o°~'=(1/t)(1+p/r) at z=2p = 1.
Along the A (ZA, w) schedule, ®°~! = 1/hgatz =
Za =0 and o° "' =[(1+p)/Ayl(1+y/r) at z=
Zy = 1. Last, the Z (Z) schedule intersects the
horizontal axes at z = z, which solves Equation
(10). Depending on the values ® and z take,
three distinct areas arise. First, the dark-shaded
area defines (w,z) such that Northern produc-
tion is the most profitable mode. In any indus-
try z, Northern production is preferred over FDI
if the relative Northern wage is below the value
of o defined for that industry by the F func-
tion. Likewise, Northern production is preferred
over licensing if the relative Northern wage is
below the value of @ defined for that industry
by the A function. Second, the light-shaded area
to the left of 7 defines (w,z) such that licens-
ing is the most profitable mode. In any industry
z in this area, conditions Equations (6) and (7)
hold and so, licensing is preferred over North-
ern production and FDI. Last, the light-shaded
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area to the right of 7 defines the values of (o, z)
such that FDI is the most profitable mode. In
any industry z in this area, condition Equation (5)
holds and so, FDI is preferred over Northern pro-
duction. FDI is also preferred over licensing in
industries z > Z.

When all three activities occur in an equilib-
rium, as depicted in Figure 1, Northern firms
license in industries z < z = z,,, engage in FDI
in industries 7 = 7, < z < Zp, and produce in the
North in industries z > 7. In the next section, we
establish the market clearing condition that pins
down the equilibrium 7 and ®. We then establish
the equilibrium in Proposition 1 in Section III.

D. Market Clearing

In equilibrium, labor is fully employed
in both regions. Because Northern labor is
employed only in industries [EF, 1], the labor
market clearing condition for the North is
L= /Z]F n(z)y(z)dz. This condition simpli-
fies to wL=y (1 - ZF) (E+ E*), since n(z)y
(z) =Y(E + E")/w in the Northern industry z.

Aggregate expenditure E+E" equals aggre-
gate income. In the North, E consists of labor
income and aggregate profits from all three
activities: E =wL + IV +IT¥ +IIA. In the South,
E” consists of labor income and aggregate profits
from licensing and FDI: E* =w"L" + TA " 4+ TIF ",
Letting L, and L} denote the aggregate
Southern labor employed in FDI and licens-
ing industries, respectively, we obtain
Y =(p—-w)L, ¥ + I** = (p), — w*) L} and
oA + H:‘* = (pM - w*) L. Since p=w/y and
Py =w Iy, it follows that we must have:

(12)
* 1 oy ok 1—’\{ s (1% *
E+E"= ;WL-FW L + - (Ly+L}).

The aggregate Southern labor employed in
FDI and licensing is L% = [ n(z2) v (z) dz and

[,1;‘\3= fozn (2) Yy (2) dz, which simplifies to !3:

L.=y

E+E*) " <E+E*>
I d L=y ———)1,;
( w* F>oan A=Y w* A

13. Since yy (2) = p;/ (E+E") /P (2), P =
n(z)p}w_" +n* (2)p*'7°, and n(z)=n*(z)/n(z) in a South-

ern industry z, we obtain: L;: ;F n@)yy (@)dz=

z on(z)dz *
(E+E*)'/;F Pag @) _ (E+E )[F.

n(z)p,]w_“ nr(gpl-e T w*

where

iF dZ
(14) I = / ————— and
z l+yl=opz/g

1 =/Z—dZ
A o T+ylomz/g

are the measures of innovated products in FDI
and licensing industries, respectively.

Using Equations (12)—(13), we solve for the
aggregate income and then rewrite the labor mar-
ket clearing condition wL =y (l - ZF) (E+E")
to obtain the market clearing schedule'#:

(15) H(E,EF,(D)EI+%LI*
CI=d=nUe+l) -
1-2 B

LEMMA 1. Along the H (Z, ZF,Q)) schedule,
do/dz; < 0and do/dz < 0.

Proof. See Appendix. -

The H (Z, Zps 0)) schedule associates with each
zr and z a value of o such that labor market clears
in both regions. As zj rises, Northern firms in a
wider range of industries choose FDI over North-
ern production. The demand for Northern labor
declines and so, the relative Northern wage o nec-
essarily falls to restore the labor market equilib-
rium. Hence, do/dz; < 0. As Z rises, the range
of licensing industries expands while the range of
FDI industries contracts. The relative demand for
Southern labor rises as a result, because the rela-
tive number of Southern products within a given
industry z is higher under licensing than FDI
(since 1> 1). To eliminate the excess demand, the
relative Northern wage o falls. Thus, do/dz < 0.

Ill.  EQUILIBRIUM

Figure 2 shows the equilibrium with all
three activities. The equilibrium relative
Northern wage o is implicitly defined by
H=H (E, Zr (), u)) = 0, where the equilib-
rium cut-off industry z; (w) solves Equation (8).

The H(w) schedule is negatively sloped. At
any o below its equilibrium value, H(w) > 0 and
Northern labor is in excess demand, relative to

14. The aggregate income is E + E* = [w*L* +y~ 'wL})/
(1= =7Up+1))]
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FIGURE 2
The Equilibrium
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Southern labor. The relative Northern wage o has Proof. See Appendix. -

to rise to equilibrate the labor market. As o rises,
the relative demand for Northern labor falls for
two reasons. First, a higher o lowers the relative
demand for Northern labor on impact: H <0.
Second, a higher o increases the profitability of
FDI relative to Northern production: dz/dw > 0.
As the range of FDI industries widens (i.e., zp
rises), the relative demand for Northern labor
falls: Hz < 0.

The equilibrium relative Northern wage satis-
fies the following condition:

i<m‘"1<l(l+g).
}\,0 T r

(16)

Ifo° !< 1/Ay, Northern firms in all industries
produce in the North; Northern labor is in excess
demand and o has to rise to clear the labor mar-
ket. If @®~!> (1/t)(1 + p/r), all Northern firms
produce in the South; Northern labor is in excess
supply and ® has to fall to clear the labor market.

PROPOSITION 1. There exists a unique inte-
rior equilibrium with 0<Zz=7), <Zp <],
where Northern firms license in industries
7<z=27) engage in FDI in industries
7=172, <z<2Zp and produce in the North
in industries z > Zp, provided hy>T and the
following condition holds:

z—(l—y)IA]

17) L*/L>® .
l v(1-32)

The condition (17) is necessary for FDI to
arise in an equilibrium. This scenario is illustrated
in Figure 2, where the equilibrium relative North-
ern wage ® is above its critical value @ (which
corresponds to the cut-off industry z =7z,) and
0 <z=17, <Zzp < 1. The condition requires a
sufficiently large relative size of the Southern
market, a low rent share A,, a low cost of FDI
(1 —=7), a high risk of imitation p/r, or a high
licensing risk premium 1.!5 The cut-offs 7 and 7
are interior: z > 0 since A > 7 (i.e., the condition
[11]) and z5 < 1 since o° " < (1/t)(1+p/r) Gee.,
the condition [16]). Proposition 1 is consistent
with the fact that arms-length licensing by U.S.
firms in Southern countries occurs predominantly
in industries that produce more complex products
and occurs less in industries where imitation risk
is relatively greater.

IV.  STRENGTHENING SOUTHERN IPR
PROTECTION

The impact of Southern IPR protection
depends on the mode of technology transfer. It

15. This result follows since (1) the right-hand side of
(17) rises with o and z; (2) z falls with 1, p/r and t and rises
with Ay; and (3) o falls with 1 and 7, rises with A, and does
not change with p/r.
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is stronger under licensing than FDI, holding
z constant, for two reasons. First, the Northern
licensor’s rent share in industry z rises with
stronger IPRs: dA(z)/dp <0. Second, because
licensing involves the risk premium 1> 1, the
risk of imitation under licensing falls relatively
more: dm(z)/dp =1z in a licensing industry and
dm(z)/[dp=z in an FDI industry. To highlight
each force at play, we examine how strengthen-
ing Southern IPR protection impacts technology
transfer under three different cases. In Case 1,
we assume no imitation risk premium under
licensing: 1=1. The terms of the licensing
contract induce compliance by the licensee
such that licensing is no more risky than FDI
We lift this restriction in Case 2, where we
let 1>1 and assume instead that the licens-
ing rent share is constant across industries:
A=A2,. Here, the terms of the licensing contact
fail to limit the extra risk of imitation associ-
ated with licensing, and the existence of the
licensing risk premium provides an internal-
ization motive for FDI. Last in Case 3, we
lift both restrictions and let A=2Ay/(1+ pz)
and 1> 1.

A. Case 1

In this section, we assume that (1) the risk of
imitation under licensing and FDI is the same
(1=1) and (2) the licensor’s rent share decreases
with the risk of imitation, that is , A =Ay/(1 + pz).
Stronger IPRs reduce the licensing rent share and
this drives the difference in the impact of stronger
IPRs between licensing and FDI. Figure 3 shows
the impact of strengthening Southern IPRs on
equilibrium outcomes.

As p falls, the Z(Z) schedule shifts right-
ward to Z’ (Z) and the F/ (ZF, m) schedule rotates
clockwise to F’ (Zp, ®). The cut-offs Z and Zp
determining the allocation of Northern produc-
tion to licensing and FDI both rise, holding
o constant. The desirability of FDI relative to
Northern production increases because the risk
of imitation associated with FDI falls. Also,
the attractiveness of licensing relative to FDI
rises because the Northern licensor’s rent share
rises when A =2y/(1 + pz) and 1= 1. Within each
industry, the relative number of imitated prod-
ucts 1(z) = pz/g falls with limited imitation. A
reduction in p also reduces the relative demand
for Northern labor. To restore the labor mar-
ket equilibrium, the H(®) schedule shifts down
to H'(») and the relative Northern wage falls

to ®.1° As w falls, the relative attractiveness
of Northern production rises and the cut-off z,
falls along the F’ (ZF,(D) schedule. The over-
all impact of stronger IPRs on zp is unam-
biguously positive. Consequently, multinational
activity expands across industries, shifting from
Northern production to FDI as z rises and away
from FDI to licensing as z rises. Proposition 2
establishes the result.

PROPOSITION 2. When A=MAy/(1+4+pz) and
1=1, a strengthening of IPR protection in
the South (i.e., a decline in p) increases the
cut-off 7 (that determines the split of multina-
tional production between licensing and FDI)
with elasticity one so that the set of industries
engaged in licensing expands. The cut-off zp
(that determines the North-South production
split) rises so that the set of industries engaged
in multinational activity expands with elasticity
less than one.

Proof. See Appendix. -

In equilibrium, the cut-off 7 rises with elastic-
ity one due to the direct impact of limited imita-
tion on the licensing rent share. A reduction in ®
does not affect z because the choice between FDI
and licensing is independent of . A reduction in
®, however, decreases the profitability of South-
ern relative to Northern production and so limits
the expansion in FDI across industries. Therefore
in equilibrium, the cut-off 7 rises with elasticity
less than one.

Note that if imitation risk was constant across
industries (as is the case in existing North-South
models of FDI and technology transfer), then an
increase in licensing activity would be necessar-
ily accompanied by a reduction in FDI. Thus, in
traditional models, stronger IPRs cannot increase
the volume of licensing without reducing FDI.
In our model by contrast, licensing and FDI vol-
umes both rise with stronger IPRs. FDI volume

16. When 1=1, the market -clearing schedule

; ; . = - y Lt 1=(0-pI _

(15)  simplifies to:  H (o) =1+ L5 - 5= =

0, where I= OZF 127 The relative demand
I+yl=opz/g

for Northern labor falls with limited imitation since
dH/dp = H,dn (z) /dp + Hz, dzp/dp > 0. First, H, <0 and
dn(z)/dp>0. A decline in imitation reduces the share of
imitated products in each industry and therefore increases
the relative demand for Northern labor. Second, HEF < 0and

dzp/dp < 0 so that 7 increases, holding ® constant. FDI
expands while Northern production contacts, and the relative
demand for Northern labor falls as a result. This second
effect dominates so that overall Northern labor demand falls
as p declines.
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FIGURE 3
Strengthening IPRS

falls in low-z industries (which switch to licens-
ing) but rises in high-z industries (which switch
from Northern production). In addition, within
each industry, the overall volume of multinational
activity rises.

We next examine the impact of stronger IPRs
on Southern production. The overall volume of
Northern production, which consists of inno-
vated products only, is Qy = fzi n)y()dz=
(1 - ZF) (E + E*)y/w. Southern production con-
sists of innovated and imitated products. The
overall volume of innovated products in licens-
ing and FDI industries is Q) =1,(E + E")y/w*
and Qp =Ip(E+ E")y/w*, where the measures
of innovated products I, and I are given in
Equation (14). It follows that relative to Northern
production, the volume of innovated products in
licensing and FDI industries is given by:

(18)

&=IA<L_> and %=IF< m_ >
QN I_ZF QN l—ZF

The overall volume of imitated products
in licensing and FDI industries is Q% =
F(E+EYw* and Qb =I5 (E+E*) Jw",
where the measures of imitated products are
It =%Z—1, and I} =%y —Z—1I."" Thus, the

17. The result follows since Q;‘\E/O‘;n* (2)y* (z)dz
and Qi= [ n* (2)y* (2)dz, where y*(2)=p*~O(E+E*)/

Z'(2)
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An increase in IPR protection in the South
has two effects on technology transfer. First is
the within-industry shift from imitative to inno-
vative production. This occurs as the share of
imitated products within each industry z in the
South, n(z), falls, and production reallocates from
Southern imitators to multinational firms. Second
is the cross-industry shift. The relative profitabil-
ity of Northern production falls, so FDI activ-
ity expands across industries (i.e., zp rises). New
industries are established in the South as produc-
tion reallocates from the North. Also, because the
relative profitability of licensing rises, licensing
activity expands across industries (i.e., z rises)
and the composition of multinational activity
shifts from FDI to licensing.

How does strengthening Southern IPRs affect
market-based technology transfer to the South?
Proposition 3 addresses this question:

PROPOSITION 3. Suppose IPR protection in
the South becomes stronger (i.e., n declines).
When h=MAy/(1+pz) and 1=1, both the volume

Pl=°(), P'=°(g) = n(Z)P,{f +n*(2)p*17°, and n(z)=n*
(2)/n(2).
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of overall multinational production relative to
Northern production (Q, + Qp)/Qy and the ratio
of licensed production (Q /Qy) to Northern pro-
duction expand unambiguously. Furthermore, the
ratio of FDI production relative to Northern pro-
duction (Qp/Qy) also rises provided the rent
share of licensors A is sufficiently low.

Proof. See Appendix. -

Proposition 3 states that relative to Northern
production, Southern production of innovated
products rises unambiguously under licensing
when Southern IPRs are strengthened while
under FDI, it rises provided the licensor’s rent
share A, is low. Three effects determine the
impact: a reduction in the relative Northern wage
®; an increase in the cut-off z; and an increase
in the measures of innovated products /, and /.
Both Q,/Qy and Q;/Qy fall as o falls and rise
as zp rises. Also, both Q,/Qy and Qp/Qy rise
as I, and I rise. This last effect is crucial in
determining the overall impact, and explains the
difference in the impact on licensing and FDI. In
licensing industries, I, rises with elasticity one
as p falls. This causes a strong positive impact on
QA/Qy and so Q,/Qy rises with stronger IPRs.
In FDI industries, by contrast, I, does not rise
much and may even fall. The impact of stronger
IPRs on Q/Qy is thus ambiguous and depends
on A.

The size of the rent share parameter A, deter-
mines the relative strength of the above three
effects. When A is low, the cut-off 7 determining
the extent of licensing activity is low. As stronger
IPRs increase z from a low level with elasticity
one, the relative demand for Northern labor falls
only little. Thus, o falls only little, so the nega-
tive impact of a reduction in ® on Z is limited.'®
Consequently, an increase in I is large and the
resulting positive impact on Q/Qy is strong.

The impact of stronger IPRs in the South on
the market-based transfer of technology is par-
ticularly strong for licensing. Licensed produc-
tion of innovated products rises relatively more
(in elasticity terms) than FDI production. This is
because licensing activity expands greatly across
industries while FDI activity does not expand
that much and may even contract. The range of
FDI industries shrinks due to a shift of multi-
national activity toward licensing and does not
expand much with production reallocation from

18. The royalty rate Ay does not affect z; directly, only
indirectly through its impact on w.

the North, because the cost of Southern labor
rises. Because the expansion in licensing activity
isrelatively strong, / , rises more than does /- and
50, QA/Qy rises more than Q5/Qy.

We now examine the impact of Southern IPR
protection on technology transfer through imita-
tion. The distinction between licensing and FDI
industries is critical for the result. We can show:

PROPOSITION 4. When A=MAy/(1+4+pz) and
1= 1, stronger IPR protection in the South lowers
the volume of imitated production relative to
Northern production (QZ + Q;) /Oy While the
volume of imitated production derived from FDI
declines relative to Northern production, that
derived from licensing rises. Finally, the volume
of FDI production relative to imitated production
derived from FDI (Q r/ Q;) rises if the rent share
of licensors L is sufficiently low.

Proof. See Appendix. -

The results established in Proposition 4
depend critically on the change in the measures
of imitated products under licensing and FDI,
I} and I}.. These measures respond to both the
within and cross-industry shift of production,
and the relative strength of these two shifts
determines the overall impact. In licensing
industries, the within-industry shift is weak,
because imitation in these industries is low to
begin with. Thus, the reduction in imitative
production within each industry is small and the
negative impact of this reduction on 7} is weak.
At the same time, the cross-industry expansion
in licensing is strong. The expansion increases
the scope for imitation, and this increases I;"\.
This latter effect dominates and so, IZ rises
overall, causing Q7 /Qy to rise with stronger
IPRs. FDI industries are different because their
technological complexity is lower relative to
licensing industries. Here, the within-industry
shift is strong, because imitation is reduced to
a greater degree by stronger IPRs. At the same
time, the cross-industry expansion is weak. Thus,
the measure I7. falls overall, causing Q7./Qy to
fall as well. The reduction in Q. /Qy more than
offsets the increase in Q7 /Qy so that the volume

of imitated production (Q% + Q%) /Qy falls.

B. Case 2

In this section, we assume the rent share
is unaffected by Southern IPR protection (i.e.,
A=1y) and the risk of imitation under licensing
exceeds that under FDI (i.e., 1> 1). Proposition 2,
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which establishes the impact of IPRs on the cut-
offs z and z;, now changes to:

PROPOSITION 2b. When A=Miy, and 1>1,
stronger IPR protection in the South increases
the cut-off z with elasticity one. The cut-off zp
also rises, provided the licensing risk premium is
not too large (i.e., 1<2).

Proof. See Appendix. -

The impact of stronger IPRs on the cut-off
7 is as before: 7 rises with elasticity one, but
now due to the direct impact of limited imita-
tion risk. The impact on the cut-off z, by con-
trast, is ambiguous in this case: z rises less and
may fall with stronger IPRs, depending on the
licensing risk premium 1. This is because when
1> 1, areduction in the relative Northern wage w,
which limits an expansion in FDI, is more pro-
nounced. Labor demand rises in the South and
falls in the North for two reasons now: (1) as zp
rises and FDI activity expands and (2) as z rises
and licensing activity expands across industries.
The expansion in licensing activity impacts labor
demand when 1> 1, because the relative number
of imitated products is highest in licensing in this
case: 1(z) =1pz/g for z € (0, z] and n(z) = pz/g for
7 € (Z,z¢l

Proposition 2b states that 1<2 is sufficient
for zp to rise with stronger Southern IPR pro-
tection. When the licensing risk premium 1 is
low, the relative Northern wage w falls only lit-
tle as z rises. Consequently, the wage effect of
stronger IPRs on FDI is weak: a reduction in ®
limits the expansion in FDI but does not fully
offset it.

Assuming 1 < 2, Propositions 3 and 4 continue
to summarize the impact of stronger Southern
IPRs on technology transfer to the South. Propo-
sition 5 establishes this result.

PROPOSITION 5. When A=Ay and 1<1L2,
the results established in Propositions 3 and 4
continue to hold.

Proof. See Appendix. -

C. Case 3

We now relax the assumption of the rent share
being constant while also allowing risk of imi-
tation to be higher under licensing relative to
FDI (i.e., 1> 1). This case is more general than
Case 2 in that the rent share of licensors also
responds to strengthening Southern IPRs. This

generalization, however, has no impact on our
results: Propositions 2b and 5 apply here as well.

PROPOSITION 6. When A=Ay/(1+yz) and
1> 1, the results established in Propositions 2b
and 5 continue to hold.

Proof. See Appendix. -

V. EMPIRICAL IMPLICATIONS

Empirical evidence supporting the predictions
of the theoretical model developed in this arti-
cle is provided in our companion paper Ivus,
Park, and Saggi (2015). Using a large data set
of U.S. parent companies from the manufactur-
ing sector, in Ivus, Park, and Saggi (2015), we
study how intra-firm and arm’s length technology
transfers undertaken by these firms respond to
patent reforms in developing countries. Follow-
ing the theoretical analysis of this article, in Ivus,
Park, and Saggi (2015), we examine the impact of
patent reforms by type of industry: complex and
discrete. As predicted by our theoretical model,
we find that firms in discrete product indus-
tries are indeed more sensitive to patent reforms
than those in complex product industries. Patent
reforms enable local firms to attract more arms-
length technology transfer, especially of discrete
products which are relatively easier to imitate.

Table 1 provides a sample of the findings of
Ivus, Park, and Saggi (2015). This table summa-
rizes how the composition of technology transfer
responds as the strength of patent protection
increases in the developing world. The table
presents two measures of this composition: first,
the ratio of arms-length licensing to affiliated
licensing (i.e., licensing by the parent firm to an
affiliate or subsidiary in the host country); sec-
ond, the ratio of arms-length licensing to affiliate
sales. These measures are derived for 12 of the
leading developing countries in the sample (such
as South Korea, China, India, and Brazil) and the
table shows the median ratios across those coun-
tries. It is apparent that the ratios are much larger
for complex industries relative to discrete ones.
This finding confirms a key insight underlying the
theoretical model developed in this paper—that
is, that firms in complex industries have a higher
propensity to engage in arms-length licensing due
to their products being more difficult to imitate.
Table 1 further shows that post-patent reform is
associated with a greater increase in the arms-
length licensing of firms in the discrete industries.
For example, patent reform is associated with a
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TABLE 1
Patent Law Reforms and Technology Transfers
via FDI and Arms-Length Transactions

Ratio of Ratio of

Arms-Length Arms-Length

Licensing Licensing

to Intra-Firm to Affiliate

Licensing Sales (x 1000)
Industries: Discrete Complex Discrete Complex
Prereform 0.053 0.433 0.250 2.110
Postreform 0.091 0.564 0.510 2.400
% change 71% 30% 106% 13%

Notes: The ratios are median values across 12 develop-
ing countries over the 1992-2009 period: Argentina, Brazil,
Chile, China, Hong Kong, India, Mexico, Philippines, Sin-
gapore, South Africa, South Korea, and Venezuela. Year of
patent reform varies by country.

Source: Ivus, Park, and Saggi (2015).

71% increase in the ratio of arms-length to affil-
iated licensing in discrete industries and a 30%
in complex industries. Likewise, patent reform is
associated with a more than doubling of the ratio
of arms-length licensing to affiliate sales in the
discrete industries and a 13% growth in the same
ratio for the complex industries. Again, this find-
ing is consistent with our model’s prediction that
firms in discrete industries are expected to bene-
fit more from stronger patent protection because
their products are easier to imitate.

VI. CONCLUSION

This article examines the effects of stronger
IPR protection in developing countries on inter-
national technology transfer to their economies.
Like much of the literature on the subject, we
have found it useful to adopt a stylized North-
South paradigm where innovation is concentrated
in the North and imitation in the South. However,
by allowing imitation risk (or the South’s abil-
ity to reverse-engineer) to vary across industries,
we depart from existing literature in an impor-
tant dimension. In our view, such industry-level
variation in imitation risk is intuitively plausible
and empirically relevant: most observers would
agree that imitation costs are quite low for cer-
tain industries (such as pharmaceuticals) relative
to others (such as transport equipment). We cap-
ture such industry-level variation in imitation risk
by a single parameter that serves as a proxy for
the technological sophistication of an industry’s
products—a feature that is inversely related to
the ease of imitation.

In the model, Northern innovators in each
industry decide whether or not to shift production
to the South as well as whether to license their
technologies to local Southern firms or establish
wholly owned subsidiaries by undertaking FDI.
In equilibrium, Northern firms tend to use tech-
nology licensing in industries that face the lowest
risk of imitation whereas they refrain from any
type of multinational activity in industries where
such risk is high, preferring instead to produce
in the North where their intellectual property is
secure. Interestingly, North-South FDI occurs in
industries where the risk of imitation is of inter-
mediate magnitude.

The model shows that overall multinational
activity in the South expands with a strength-
ening of Southern IPR protection. Furthermore,
the extent of technology licensing responds more
to this policy change than does FDI. Indeed,
while the range of industries over which licens-
ing serves as the channel of technology trans-
fer necessarily increases, the set of industries
in which FDI plays this role does not necessar-
ily expand and can even shrink. This suggests
that North-South models that ignore licensing
may overstate the impact of Southern IPR reform
on FDI because they do not account for the
substitution from internalized technology trans-
fer via FDI to arms-length technology transfer
via licensing.

A long-standing empirical observation in the
literature has been that the internalization deci-
sions of multinationals vary by industry. Our
article helps inform future work in the area
by providing a model that puts this empirical
finding at center stage and by deriving new
results regarding the impact of stronger IPRs on
the volume and mode of international technol-
ogy transfer.

APPENDIX

PROOF OF LEMMA
The H (Z, ZF m) schedule is given by:

__ yLr 1-(01-y1
Al H(ZZp0) =14+ - - ——— =
(A1) (2.2 0) oL T_z,

0,
where [=Iy+1p, I\ =/OZI<A (dz, Ip= f;F kg (2)dz,
ka(@=[1+19z]" 1 kp@=[144¢z]" ", and g=y! ~°p/g.

It is required to show that dw/dz; < 0 and do/dz < 0.
By the implicit function theorem, dw/dz; = —H;,./H,, and
dw/dz = —H3/H,,, where from (A1):

Y L*

-LE <o

(A2) Hy=-—=7
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(A3) .
He = - _EY [ka (2) = kg (2)] <0, since ky (2) <kp (2):
TKF
o, I-(-pI
(Ad) H; = L (1—y)kF(zF)—¥ <0,
l—ZF —ZIF

since (1 =y)kp(zp) <1 and [I—(1=yI]/[1-%] =
1 +yL*/(wL) > 1 from (Al). As a result, do/dz; < 0 and
do/dz < 0.

PROOF OF PROPOSITION 1

It is required to show that there exists a unique interior
equilibrium with 0 <z =7z, <Zzy <1 provided A;>7 and
the following condition holds:

_lz—-00-yI
(AS) s> | Um0
y(1-3)
The equalized profits schedules are given by:
(A6) F(EF,(D) =10 =1 WeE _ 0;
r

N .
(A7) A(ZA,m)E< 0 >w“-1—1—‘ﬂ=0;

1+|JZA r
N _

(A8) z(F =l ( L),
T\ 1+pz r+puz

First, we show that the condition (A5) ensures that ® > ®
so z < zp. The relative Northern wage is above its critical
value  (which corresponds to the cut-off industry z =z,)
if H(w)>0 at o = . This follows because H, <0, which
results from (A1):

dH (0)
d = H(A)
(0]

since H, <0, HEF <0, dzp/dw > 0, and dz/dw =0 from
(A2), (A4), (A6), and (A8), respectively. If o = w, thenz =z
and from (Al), H (m = 6) > 0 provided the condition (A5)
holds. If (A5) does not hold, then ® < ® and z, < Zz. FDI
will not arise in this equilibrium (Northern firms will license
in industries z <z, and produce in the North in industries
>7).

Second, we show that zZ = z,, in an equilibrium with FDI.
The cut-off 7, cannot be below z; otherwise, the equilibrium
will not contain FDI. The cut-off z, also cannot exceed
z. If 7 <z, <Zp, then FDI is the most profitable mode in
industries z € (z,Z¢) and so Z, is not a cut-off industry. If
Z < Zp < Z,, then the following must be true in industries z €
(Zp, ZA) : (1) licensing is preferred over Northern production;
(2) Northern production is preferred over FDI; and (3) FDI
is preferred over licensing, which is inconsistent and so it
not true.

Third, we show that the cut-offs 7 and z are interior. First
from (AS8), z > 0 provided Ay >7. Next from (A6), zp < 1
since o°~ ! < (1/7)(1 +p/r) (as discussed in the paragraph
below). Thus, when Ay >t and (AS5) holds, we have 0 <z <
ZF < 1.

Fourth, we show that a unique equilibrium with FDI
(where 0<z=7, <Zzp <1) exists. We evaluate how
the H (o) EH(E, ZF,m) changes with ®. The F(Zp,m)

dZF
A9 +H: — <0,
(A9) “F dw

and A (Za,®) schedules associate  with Zp and Z,. If
0> 1/Ay, then z=7Z, — 0 (follows from [A7]) and
Zp — 0 (follows from [A6] since A>T and 2 =7, < Zp). It
thus follows from (A1) that H(w) — oo as ®® ~ ! — 1/ Next,
if @@ ~1 = (1/7)(1 +p/r), then zp — 1 (follows from [A6])
and so from (Al), H(w) — — co. Further, H(®) is monotoni-
cally decreasing in @. Since H(w) approaches plus infinity as
0> 1/)y, minus infinity as 0°~ ! = (1/7)(1 4+ p/r), and
is monotonically decreasing in , there exists a unique ® €
(Mg, (1/T)(1 + p/r)) such that H(w)=0. Given a unique o,
z=172, and Zp are also unique. In other words, a unique
interior equilibrium with FDI exists provided Ay >t and
(A5) holds.

PROOF OF PROPOSITION 2

Assume 1= 1. It is required to show that dz/dp < 0 and
dzp/dp < 0.

First, we show that dz/dp < 0. Setting 1= 1, we rewrite
(A8) as follows:

(A10) z(z)zl< k°_>—1=0.
T\ 1+pz

By the implicit function theorem, dz/dp = -Z,/Z;. Since
Z, <0and Z; < 0 from (A10), it follows that dz/dp < 0.

Second, we show that do/du>0. When 1=1, the
H (E, Zp,u)) schedule is given by (A1) where I = fOZF k(z)dz
with k(z)=[1 +gz]~ "' and g=y' ~°p/g. It is useful to rewrite
I as follows: I =g 'In (1 + qu). By the implicit function
theorem:
do _ dH /dp
dp ~  dH/de’

where dH/dw <0 from (A9). If follows that dw/dp>0 if
dH/dp > 0. Differentiating H with respect to p, we obtain:

(A1)

-
Wy, L

Al2 -,
(A12) an =t g

where Hz_is in (A4), dzp/dp = —=Zp/p, and

1- ek (zg) =1 /1 —
Hp;,p( _y)zF(F) < _V>.
I —zp p -z

It follows that

‘;—ﬁ' = (EF—(I—y)I)/(p[l—ZF]z) >0,

(A13)

since Zp — (1 —=y)1 = (1 =Zp) YL*/ (L) from (Al). Since
dH/dw < 0 and dH/dp > 0, we have do/dp > 0.
Last, we show that dz; /dp < 0. From (A6), we have:

(A14) Zp=— (e = 1).
u
Totally differentiating (A14) with respect to p, we obtain:
(A15) _
dZF _ZF

" de dw _ EF + sz dH/d},l,
dp p o dodp p o de dH/dw )

It follows that dzp/dp <0 provided the following
inequality holds:

dH o dzp dH
(A16) (—ma) > (ZE) (pa>.
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Using (A13) and (A9), where H, and HEF are given by
(A2) and (A4), we rewrite this inequality as follows:

1-( =1

dzg -
1o ok ) - S

o L 1-2p
N (de_F> G-(-nl

Zp do H[I—ZF]Z

Next multiplying both sides by (1 - ZF) and simplifying,
we obtain:

_\YL* o dzp - _
1 - ——>|——)0- k -1I).
(1-2) L5 > (25 ) a0 Gk () =)

Last, using (l - ZF) yL*/(wL) =Zy — (1 —y)I from
(A1), 0dzg/ (Zpdw) = (6 — Dt 'r/ (pZF) from (Al4),
and 1 —y=1/c and rearranging, we simplify the inequality
to obtain A > B, where

1 1 MWz

Al7 = — — d B=
(A7 o—lzoo !l r

ozp—1
A>0 and B<0 since Zpk (7)) < I < 6Zp. Thus (A16)
holds and dz;/dp < 0.

PROOF OF PROPOSITION 3

Assume 1=1. Let 0, = Q,\/NQN = wlAé(l -Zr), Or
Op/Qy = olp/ (1 =), and Q= 0y + Qp, where I, =
N +qz]_1 dz=q'In(14qz). 1= [T[1 +qz]_l dz =
g 'In[(1 +qE~F)/(1 +q22], and 1=IA5FIF~. It is required
to show that dQ/dp < 0, dQ, /dp < 0, and dQF/dp < 0 pro-
vided } is sufficiently low.

First, we show that dQ, /dp < 0 or the following is true:

do dzp dI
a1y ap _pdo p & dhp
dp N ody  1-Z dp dp I,
Using (All), (AlS5), and dI\/dp=—1,/p, we rewrite
(A18) as follows:

(—cod—H)> 1-%2 +ood_ﬁ lel

do r do | \# dp /-
Following the same steps as in proving that (A16) holds,

we find that (A19) holds since k (z) < ©.

Second, we show that dap/dp < 0 or the following is
true:

(A19)

WO p _pdo, p & dpp

A20 — = — <0.
(A20) dp 9, odp 1-Zpdp  dp g
Using (A11), (A15), and
dlp p _\ [ dzp H]
A21 — — =—l+kp(zp) — |1+ —=—].
(A21) a1y F (zr) I a3,

we rewrite (A20) as follows:

(A22)

(-oS2) > (1-3%) [1 +m% (l—lzp + "Fl(jf))]

<(v55)
dp /°

which following the same steps as in proving that (A16) holds,
we simplify to:

IF > Zpkl: (ZF) - (1 _Y)kF (ZF) IA'

This inequality holds under the following sufficient con-
dition:
(A23)

> 0.

1+gz Z
G=lIn [—qZF] - Br

1+qz 1+ qzp

G >0 when A is low for three reasons: (1) when X is at its
maximum, z = z and G <0; (2) when X is at its minimum,
z=0and G>0 for any 7 > 0; and (3) dG/dA, <0, since
0G/0z <0, dz/dAy > 0, and dzp/dhy = 0 (when1=1).

Last, we show that dQ/dp < 0 or the following is true:

dop _pdo, B d g
dp g odp 1-Zpdu dul

We rewrite this inequality as

(A24)

(—w%) > (1-%f) [1+m% <1_12F + kF(le)>]

and following the same steps as above, further simplify to
1> Zpky (2 ), which is true.

PROOF OF PROPOSITION 4

_ Assume 1=1. Let )N =01 /0y = (/D 1}/ (1-7F),
0:=05/0y = @/PI/ (1-%). and 0" =0} + 0.

where Iy =Z—1,, I =Zp—Z—1Ip. It is required to
show that dQ*/dp >0, dQj}/dp <0, dQy/dp>0, and
d(2r/0;) /dn < 0.

First, d0* /dp > 0 since dQ/dp < 0 (from Proposition 3)
and d (Q* + Q) Jdp = 0.

Second, dé;‘\/dp < 0 since [d[j;/lj;] / [dp/p] =—1 and
(A19) holds. _ R

Third, dQ7./dp >0 since dQp/dp <0 (from Propo-

sition 3) and d(@F+§}>/dp>O. It is true that

d (ZZF + é;) /dp >0 since the following inequality
holds:

(A25) i
dz, dr /
Ed_(*)+ H_ ﬁ> L —F+1—F], where
odp  1-Zpdp  Lp+y7ly [dp oy dp
dlp Ip N
(A26) — =——+kp(z [—+— and
dry, I

- zp  dzp
R Gl e

Using (A11), (A15), and (A26), we rewrite (A25) as

(A27) (—wj—Z) <(1-3%) [1 +oE

dw
1
X — +
<1—ZF

1= =k (zp) <d_H>
p+ T )
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and following the same steps as in proving that (A16) holds,
we further simplify (A27) to I, < oz, which is true.

Last, d (ép/é;) /dp <0 since dé;/dp >0 and
dQ/dy < 0.

PROOF OF PROPOSITION 2B

Assume A=A%, and 1> 1. It is required to show that
dz/dp < 0 and dz/dp < 0.

First, we show that dz/dp < 0. Setting A = A, we rewrite
(A8) as follows:
o _ A rHwpz

2@ =770z

0.

(A28)

By the implicit function theorem, dz/dp =-Z,/Z; =
-z/p<0.

Second, we show that dzz/dp < 0. This requires that
(A15) holds, where dH/do=H,+ H; dzp/do (since
dz/do =0) and dH/dp=H, +H; dzp/dp + Hzdz/dp,
which still results in (A13). As in the proof of Proposi-
tion 2, we find that dz/dp <0 if A>B in (A17), where
now [=Iy+lp, Iy = [Fka@dz Ip= LTk (2)dz,
ka@=[+1gzl~ !, kp(=[1+qz]"'. When 1#1, A>B
holds under the following sufficient condition: 1<2. To
show this, we proceed in two steps. First, we show that
dA/dAy <0 and dB/dAy > 0. This is because (1) dw/dr, <0
since dH/dw <0 and dH/dAy = Hz (dz/dAy) < 0; and (2)
dA/do >0 and dB/do <0 since kp (7p) = [1 +qZF]_l and
= (Tw"_l - l)r/p from (A6). Second, we show that
A>B at by — A7 =1 [r+1p] / [r+u] provided 1<2. If
Ay — )»(')“ax, then z— 1 and zp — 1 (provided L*/L— oo,
otherwise z; < z and no FDI occurs in an equilibrium) and
so [ — '/01 kx (z)dz and o+ w/r)/t. It follows that
A > B if the following is true:

o=l <1+£> (kp—1).

c—1

where [ = /01 kp (z)dz = (1q)_1 In(14+1g) and kp=[l+
¢]~'. This inequality holds if 1<2 (since <1 and if 1<2,
I > ky for any ¢). Thus, dzz/dp < 0 for any Ay when 1 <2.

PROOF OF PROPOSITION 5

From the proof of Proposition 3, dép /dp <0 if G>0
in (A23). Despite dz;/d\y#0 when 1#1, (A23) con-
tinues to hold because 0G/dzp >0, dzp/do >0, and
dw/dAhy <0. Next, (A24) simplifies to I, + Ip > zpk (EF),
which holds provided 1<2. To show this, we use
Iy=qg'In (1 +qZ),IF =q¢'In [(1 +qZF) / (1 +q2)], and
k(zp) = (1+qzF)" and rewrite Iy + Ir > Zpk (27) as fol-
lows: G+17'In [1 + 1q2] > 0. This inequality holds for any
Mg if it holds for Af™*, in which case Zp =Z. Setting zr = Z,
we rewrite this inequality as In [1 + uﬁ] —19z/ [l + qZ] >0,
which holds for any gz provided 1<2. Thus, when 1<2,
(A24) holds and dQ/dp < 0. The proofs of the remaining
results in Propositions 3 and 4 are unchanged.

PROOF OF PROPOSITION 6
If A=MAp/(1+pz) and 1> 1, the cut-off 7 is determined

by (A8). It follows that dz/dp = —z/p. The proofs of the
remaining results in Propositions 2b and 5 are unchanged.
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