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Abstract:

| andyze the manner in which multinational enterprises facilitate technology transfer from the
North to the South, and the role played by the protection of intellectua property. Different industries
respond to changes in intellectua property protection (1PP) regimes differently, and will dter their mode
of entry accordingly. Firmswith complex but easily imitable products will tend to interndize production
through foreign direct investment, but firms thet face alower risk of imitation will tend to license
production to non-affiliated Southern firms. Changesin IPP dter the level and the composition of
technology transfer, depending on the vaue of the firm's proprietary asst.
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1. Introduction

Technologica advancements and access to technology are concentrated in the industrialized
countries of theworld. For example, the fifth of the population living in the wedthiest countries on the
planet have 74% of the world' s telephone lines and 93.3% of internet users, versus 1.5% and 0.1%,
respectively, for thefifth in the poorest countries. Investment in research and development (RD), which
provides the impetus for newly innovated goods in a nationa economy, isjust as divergent. 1n 1993,
ten countries hosted 85% of globa RD expenditures, and over the past twenty years, these ten
countries controlled 95% of U.S. patents. In addition, resdents of industrialized countries controlled
more than 80% of the patents granted to devel oping countries (United Nations 1999).

Multinational enterprises (MNES) play an important role in the development and transfer of new
technologies. MNEs invest a significant portion of the world’s RD in research facilities generally located
in the advanced economies. They redize commercid benefits to this invesment by sdlling the innovated
productsin the developing world, which often requires a shift in their actud location of production. This
shift in production represents atransfer of technology.

The extent of trangfer, and manner in which it hgppens, depends on the leved of intellectud
property protection (1PP) in the developing world. Thismodel shows that stronger 1PP will preserve
the monopoly rents of innovation and encourage MNES to transfer technology to overseas subsdiaries.
The response by MNEs to changes in | PP regimes depends on the firm' sindudtry.

1.1 General framework

This paper andyzes the manner in which MNEs facilitate technology transfer from the

industriaized countries (North) to the countries just removed from the world' s technology frontier

(South), and the role played by the level of intellectua property protection (IPP) in the South. | find that



the preferred mode of entry depends on industry-specific characteristics of the firm. Stronger
protection of intellectud property leads to an overall increase in technology transfer, but changesits
composition.

| define technology transfer in two ways. Firms that undertake foreign direct investment (FDI)
by building affiliated overseas plants for the production of newly innovated goods are transferring the
location of that technology. Firms may aso directly license the control of technology to non-effiliated
plantsin the South." These different types of transfer may affect the host economy in different ways.
Mansfield (1994), as discussed below, shows that afirm’s reponse to | PP, whether to license or
internaize and whether to transfer the latest technology, depends on the industry of thet firm.?

This paper addresses the mode of entry, the role of 1PP, and the subsequent effects on
technology transfer. Each firm begins with a monopoly on the latest qudity innovation for its particular
good and decides among three ways to service the Southern market - exporting, licensing, and FDI.
Theinfluence of PP on this decison follows the market imperfections surrounding the new innovation.
The firm’s knowledge of thistechnical innovation is the proprietary asset that gives it an ownership
advantage.® This knowledge is non-rival, and if the firm cannot preserve the monopoly, others can use it
in direct competition. Monaopolistic power of the proprietary asset can only exist aslong asthe good is

excludable, which relates directly to the level of 1PP.

! Imitation of goods could be considered atransfer from location to control.

2 The actual impact of FDI or licensing on a host country’ s growth and/or welfare is a huge question outside the
scope of the present paper. | contend that the differencesin technology transfer matter, and show the policy
implications of 1PP on the mode-of-entry decision. Aitken, Hanson, and Harrison (1997) offer agood example of a
paper investigating the impact of spilloversfrom MNE activity. Haddad and Harrison (1993) describe how these
effects may differ acrossindustries. Grossman and Helpman (1991), chapter one, provide an excellent discussion of
the importance of technology for a host country.

3 Dunni ng (1981) describes the OLI paradigm of MNE theory, which outlines the primary advantages necessary for a
firmto engagein FDI as ownership, location, and internalization advantages.



Imperfect protection alows for this knowledge to lesk to competing firms. Commonly, this
disspation of the proprietary asset is referred to asimitation. It could embody the direct copying of an
existing good, or the development of a*“knock-off” product. A wider scope, or breadth, of 1PP
prevents imitation. Wesker patent laws alow for closer substitutes to be marketed against the origina
commodity. Animitating firm must establish alarger distance from the origind good in technology
space.

Firms can protect the organizationa advantage in two ways, either by keegping the knowledge
Secret, or by patenting and relying on legd means. | assume no reverse engineering of imported goods,
S0 an exporting firm faces no risk of dissipation (athough | do include an Appendix that discusses the
implications of reverse engineering). Firms choose to shift production oversess if the Southern wage is
low enough rdlaive to the North. Thisrelative wage is the location advantage. Firms that shift
production to oversess &ffiliates patent their good to protect new technology. There existsthe
possibility that Southern firms will be able to develop a knock-off product that disspates the proprietary
aset. Thelevd of 1PP in the South affects the probability that thisimitation will successfully infringe on
the MNE' s ownership advantage.

Firms internaize production, rather than license, for various reasons. Often discussed in the
literature are information asymmetries - afirm has a superior product, but cannot find a suitable contract
for licensing due to itsinability to successfully Signdl this quaity.* Another mgjor factor for the
internalization decison, and the one | use, isthe fear of the defection of the licensee. Because of the

non-rival nature of the technica knowledge, alicensee could defect with the proprietary asset in hand

* Ethier (1986), Horstmann and Markusen (1987), Gallini and Wright (1990), Vishwasrao (1994), and Y ang and Maskus
(2000c) are all examples of models that use information asymmetries.



and compete with the licensor. Due to thisthreset, any licensing contract sgned will be self-enforcing,
wherein terms of the contract are such that the licensee will be better off not defecting. If a sdif-
enforcing contract cannot be found, firms will undertake FDI.> Theleve of IPP directly influencesthe
conditions on which these contracts can arise.

1.2 Industry Differences

Both the location and the internaization decison by a firm are sengtive to the preservation of
ther intdlectua property. Moreover, this sengtivity depends on the type of industry to which the firm
belongs. Maskus (1998b) argues that the main effect of IPP on FDI isthe extent to which the regime
affects afirm’sreturn on its proprietary asset, which will vary across sectors. Firmswith complex but
eadly imitated technologies will be very senstiveto the leve of IPP in the host country, but firms with
older or lessimitable products will not.

The impact of PP on firm entry decisons differs consderably across industry, depending on
inherent characterigtics of the product itself. The greater the imitability of the product, the more
important the non-exclusive imperfection. New pharmaceuticas, for example, embody consderable
R&D effortsin the composition of each drug. This compaosition, however, can be mimicked farly
eadly. Without adequate protection of the intellectud property embodied by the innovated good,
competitors could produce and sdll an imitated product and sted the market. A firm producing agood
without this easy imitability, such asin metas or machinery, does not have this same fear of imitation and
thus less of a dependence on IPP.

The dependence of afirm’s decison to transfer technology on IPP differs across industries.

® Ethier and Markusen (1996), Markusen (1999), and Y ang and Maskus (2000a) are models that use this self-enforcing



Mandfidd (1994) surveyed 100 U.S. firmsin Sx manufacturing industries to compare the impact thet the
IPP levels of various developing countries have on the decision to trandfer technology. He found very
little correlation across industries for each country, but considerable positive correlation across countries
for each industry. That is, within each country, there was no solid relationship between two different
indusgtries as to the importance of the IPP regime. Each industry, however, generdly fdt asmilar
dependence on IPP for dl the countries. For example, the percentage of chemicd firmsthat said IPPis
too weak to permit licensing of their latest technology was highest or second-highest among the Six
industries for dl 14 of the developing countrieslisted. 1n the same question, the percentage of metds
firms were the lowest of the six for dl but one country. Mandfidd (1995), afollow-up survey, shows
that these industry relationships adso hold for German and Japanese firms,

The actuad impact of PP on activities such as research and development varies across industries
aswell. Levin, et d (1987) shows that, while many industries are greetly regponsive to PP regimes,
some, such asthe aircraft industry, are hardly affected. Inasurvey by the U.S. Internationa Trade
Commission (1988), 42% of firms (concentrated in the high-technology fields) said patents were “very
important” to their business, while 27% of firms said patents were only of “moderate’ importance. In
many indudtries, IPP matterslittle, if at dl.

In this paper | capture these cross-sectord differences by distinguishing MNESs by the type of
industry they represent. Although the motivation for shifting production to oversess affiliates, and the
rents achieved through patent-induced monopoalistic control of innovations, may be the same across

indudtries, the rdative role for technology transfer by MNEsisnot. A firm’'sdecison to license or

contract mechanism.



internalize production depends on the ease with which their products can be imitated, which isaso
related to their dependence on protection of thelr intellectua property. My modd shows how industry
differentiation of MNESs affects the relevance of |PP palicy in the South.

There are two types of firmsin the mode, differentiated by the reative ease with which their
product may be imitated. Some products, such as pharmaceuticals, may embody greet technica
sophigtication but can be easly replicated. | cal firmsthat produce these goods P firms. On the other
hand, M firms, such as metds or machinery industries, produce goods that cannot easily be replicated.
In the modd, different firms choose different modes of entry due to this rdative imitability. The products
of M firms are by nature difficult to imitate, no matter the legd backing of intellectud property.

Moreover, P and M firms differ in their reactionsto IPP levels. Stronger 1PP should
encourages firms to prefer overseas production due to the expanded protection on their ownership
advantage. M firms tend to choose licensing, and P firmsto choose FDI, but stronger |PP may cause
firmsto subgtitute one for the other. Not only isthere an increase in FDI and licensing with stronger
|PP, but there is dso a change in the composition of technology transfer, depending on parameters.

1.3 Literaturereview

Theoretica paperson MNEs and | PP generdly assume a positive correlation between |PP and
foreign direct investment (FDI) flows from the North to the South. Firms that engage in FDI face the
risk of the diffuson of their proprietary asset via Southern imitation. In most existing models, 1PP makes
this imitation more cogtly, which increases the margina benefitsfor FDI. Helpman (1993) models | PP
as an explicit reduction in the rate of imitation, while La (1998) modelsit as a percent reductionin an
exiding rate of imitation. Glass and Saggi (1995) incorporate | PP asincreasing the cost of imitation.

Ethier and Markusen (1996) present amode where firms choose between exporting, licensing,



or shifting production to an oversess ffiliate. The modd identifies the role played by various
parameters that affect the arrangement chosen by the firm. Firms want to shift production overseasto
avoid trangport costs, and may choose to ether license to non-affiliated subsidiary or pay the fixed cost
of establishing their own subsidiary. In the absence of IPP, firmsinterndize to avoid the disspation of
their proprietary asset. This disspation represents technology trandfer.

Licenang moddsin one drand of interndization theory hold that firms face the risk of diffuson
by defection of the licensee. Markusen (1999) models | PP under the rubric of contract enforcement.
Rents are higher in licenang, but firms again face therisk of the diffuson of ther proprigtary ass, in this
case through defection by the licensed agent. Contract enforcement, or 1PP, imposes a cost for
defection on the licensed agent, which thus affects the initid decison by the firm to export or license. As
| PP increases, the pendlty for defection by alicensee increases, and firmismore likely to license.
Markusen finds that a developing country will set the level of 1PP just high enough to induce entry by the
firm.

Glass and Saggi (1997) dso modd a stuation where MNES face the prospect of defection in
the host country. The dissipation of the proprietary asset in their modd is not congtrained by alevel of
IPP, but by an efficiency wage paid by the firm. The MNE offers awage premium high enough to
prevent disspation. If no technology transfer occurs, the welfare benefits to the South of FDI come
from higher wages rather than technology transfer. For Yang and Maskus (2000a), | PP affects the
licenang decision through both the cogts of licensing and therisk of imitation. As PP increases, both of
these features go down. The former leads to adirect increase in the incentive to license, while the latter
indirectly increases the incentive by increasing the royadty rate recaived by the licenang firm. In

McDaniel (2000), IPP affects the extent to which imitated products substitute for the origina good, a



clear illumination of the breadth of protection.

The empiricd literature generdly supports this positive correlation between IPP and MNE
adtivity, dthough sudiesin thisfidd suffer from the inherent difficulties in assgning quantitative vauesto
various countries 1PP levels® Ferrantino (1993) uses membership in international patent agreements as
aproxy for IPP, and finds that stronger |PP leads to increased licenang roydties. Mandidd (1995)
congtructs a measure of |PP using the percentage of firmsthat felt patent protection affected thelr
decison to engagein ajoint venture or licenang arrangement with their latest technology. Inasmple
econometric sudy, he finds Statistical support that stronger |PP, as represented by alower percentage
of firms affected by patent levels, leadsto greater FDI outflows from the United States. Maskus
(1998a), using the Ginarte-Park index, finds that PP has a positive, and statisticadly sgnificant, impact
on various U.S. MNE activities in developing countries, including the stocks of sdes, exports, and
assets held by the effiliates.

Y ang and Maskus (2000b) investigate the effects of 1PP on both affiliated and unaffiliated
licenang. They find that IPP has asgnificant and positive impact on arms-length roydties and licensing
fees, but less Sgnificant impacts on intra-firm activities Thislatter finding is consstent with
interndization theory, which suggests that as | PP increases, firms would be more willing to license their
technology to athird party. Smith (1999) performs an empirica andyss that separates the effects of
| PP on the three components of the OLI framework. She finds that PP doesimprove dl forms of
bilateral exchange, and aso leads to a subgtitution from exporting to ether licenaing or production in

oversess dffiliates.

® Maskus (2000), chapter four, describesin detail the difficultiesin “measuring what we cannot see”. Although
various proxies of |PP have been used for various studies, the two indices that are generally best received are those



Despite the established notion that industries respond to |PP differently, none of the above
sudies, whether theoreticd or empirical, differentiate according to industry characteritics that affect
their responsesto FDI.” My modd dearly distinguishes industries based on inherent characteristics
directly related to intelectud property and its protection. Theimpact of IPP on different firms entry
decisons aters both the level and composition of technology transfer to the South.

2. The benchmark model
2.1 Basics

There are two regions in the world, a North and a South. The North houses al innovating firms,
and the South houses dl imitating firms. Goods are indexed | along a continuum from (0,1), which
means afixed variety of goods exigts, each of which can be improved in qudity. For every good a
correponding firm in the North exists that can produce only that good. At the beginning of every time
period t, each Northern firm redlizes an exogenous innovation on the quality of the good it produces.
This qudity improves the utility gleaned from the good by the multiplicative vdue g>1. Thét is, Sarting
a qudlity level 1, the next improvement yidds aqudity g, the next improvement aqudlity level of, and
0 on. For every vertical innovation, consumers are willing to pay q times the price of the most recent
highest leve of qudity.

Firms have a monopoly on the innovation, but when the innovation is redlized the knowledge of

al previous qudity levels are disspated and produced/sold competitively. Thus, at the beginning of

developed by Rapp and Rozek (1990) and Park and Ginarte (1997).

" Markusen (1999) includes an extension with firmsthat have large fixed costs, so that the optimal level of IPP may be
set to induce the entry of the second firm, and Glass and Saggi (1998) model FDI in two states of nature, where the
South may be one or two levels away from the technology frontier. Neither of these, however, capture the
differencesin the nature of the product produced that affect afirm’sresponseto IPP levels.



every time period, firms own the rightsto the latest qudlity level for their particular good, but every other
firmin the world can produce and sl the g; qudity leve of the good innovated in the previoustime
period t-1. As shown below, the innovating firms set prices to capture the entire market for each type
of good.
2.2 Shifting production

Northern firms choose among three options for servicing the Southern market with the latest
innovation, depending on the expected vaue for each. They can produce the good domestically and
then export it, or they can choose to shift production to the South and teke advantage of lower factor
costs® For smplicity, | assume no transportation costs in the model.°

If the relative wage is attractive enough for firms to shift production, they can choose between
licensing the new technology to a Southern firm, or by internaizing production within their own
subsdiary. | cdl any firm that shifts production a multinationd enterprise. If they do interndize
production within an affiliated subsdiary, | cdl the activity FDI. Firms choose between licensng and
FDI depending on characteristics of the Southern market and their own industry. If FDI is chosen, the
firm must pay afixed cost F to cover the establishment of anew plant and faces the possibility that
imitation will lead to dissipation of the firm's proprietary asset.® There can be no imitation of exported

goodsin this modd. ™

8 n contrast to Hortsmann and Markusen (1987), who use a*“ licensee cost advantage” for both licensing and FDI to
occur in equilibrium, | assume symmetry of marginal cost for all Southern production.

° Appendix A.1 works through the fundamental equations of the model with a parameter for trade costs. | show that
this parameter adds complexity to the basic model without additional theoretical insights. Transportation costs can
be understood simply as part of the wedge between rel ative wages.

10y/ishwasrao (1994) assumes firms that internalize cannot be imitated, while those that license face the possibility of
imitation. | alow for the defection of alicensee, but such that it will not occur in the presence of a self-enforcing
contract. Imitation of FDI allowsthe model to capture the influence of |PP on the exporting versus FDI decision.

] show in Appendix A.2 the changes in the model if reverse engineering is possible.

10



If afirm choosesto licensg, it avoids any explicit fixed costs or risk of disspation. These costs
and risks are covered by the firm offering a self-enforcing contract to the licensee, so that remaining
under contract is more attractive to the producing firm than defecting and garting ariva plant. The
cogs of this plant, and therisk of defection, are thus implicitly covered in the rent-sharing contract.
Under licensing, the MNE receives the roydlty rate r from its sales of the good, with the rate determined
by outsde parameters.

The benefits and cogts for the three modes of entry are outlined in table 1. Exporting firms
produce in their domestic plant, so they pay no fixed cogts for production. With no reverse engineering,
they dso maintain secrecy of their technology and thus do not face any risk of disspation of ther
proprietary asset. In addition, they earn the full rents from the sales of the good. These rents, however,
are lower than if production were shifted, due to the higher margina cost of production in the North.

Licenaing firms benefit from the lower Southern wages and thus earn higher rents. They only
earn the roydty rate r from the sdles of their goods, which implicitly captures the fixed costs of
production and the risk of defection by the licensee™ Firms that engage in FDI earn the full rents from
Southern production, not having to split them with alicensee. The disncentives for FDI include the
fixed cost F of establishing the overseas subsdiary and the risk of imitation by a Southern firm.

Table 1: Thethree modes of entry

Mode of Entry  Benefits Costs

2 Markusen (1999) and McDaniel (2000) both assume fixed costs for both FDI and licensing, where the fixed cost of
licensing islower. Thisassumption makes sense, but there is no necessary relationship between these two fixed
costsin my model.

11



Exporting - Pay no fixed cogts - Pay higher margind cost w>1
- Facenorisk of disspation

Earn full rents

Licenang - Pay lower margina cost - Ean % of rents, with implicit fixed
No explicit fixed cogts cogts and implicit risk of disspation
No explicit risk of
disspation

FDI - Pay lower margind cost - Pay fixed cost F
Earn full rents - Facerisk of disspation m

The incentives for exporting decrease with the relative wage between the North and the South.
The higher this relative wage, the lower the rents achieved with Northern production, and the more
likely for afirm to shift production oversees. The rdative wage serves as the primary determinant for
the location of production.

The decision between licensing and FDI depends on other variables, independent of the relative
wage since both use the same costs of production. Theincentives for licensing increase asr increases,
and the incentives for FDI increase as F or m decrease. As shown below, the incentive for FDI relative
to licensing aso increases with the rents from overseas production.

Each time period breaks down into two stages. The first stage involves atwo-part decision by
the firm whether to export or shift production depending on the relative wage. If the firm decides to shift
production, it chooses between licensing and FDI. In the second stage, afirm that has chosen overseas
production faces the risk of disspation. For alicensng firm, the rent-sharing contract is set so that this
never occurs if the contract is accepted. For afirm that hasinternalized production, this imitation risk

occurs & probability m, which is determined in part by the level of IPP.



Exporting yidds rents E in each stage.™ Production overseas as amonopoly earnsrents R,
while production oversess after disspation earns duopoly rents D. Licensing firms earn R in each stage,
but receive only r% of the rents. MNEs earn the rents (R-F) in the first stage, when the asset is
protected, but earn R with probability (1-m) and D with probability m in the second. | assumefirmsare
risk-neutrd, so they are indifferent between the expected returns and the actud returns. Thet is, afirm
considers the expected return (1-mR + mD to be equivaent to the actua vaue (1-m)R + mD.

A firm will choose to shift production if the returns to exporting 2E are lower than ether the
returnsto licenang and FDI. MNEs that engage in FDI earn first-stage rents (R-F) and the second-
stage rents (1-mR+mD. Licensing firmsearn totd rentsr(2R). Thus, the firm will choose to shift
production if the following two conditions hold

Q) (R-F) + (1-mR + mD > 2E

2 r2R] > 2E.
If both inequdities for (1) and (2) hold, the firm will choose between licensing and FDI based on the
expected returns from both. The firm will chooseto license if:

3 12R] > (R-F) + (1I-m)R + mD.
2.3 Profit Equations

Following Grossman and Helpman (1991), both the quantity and the quality of each good
consumed provides utility for the time period t. Consder, across al goods, the instantaneous

logarithmic utility function and budget condraint,

13 assume no discounti ng occurs within time periods (i.e., between stages).
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@ 109U0= el & A XA st =L,

where q(j) is the qudity level k of good j consumed, and X«(j) is the amount of quality level k of good |
consumed at timet. The innovationsimprove agood reative to itsalf, so without loss of generdity the
neught quaity level can be normaized gp(j)=1 leaving q«(j)=0g", where the last term is not a superscript
but an exponent.

Goods perfectly substitute across type, which means consumers spread their purchases evenly
aong the product line. For each type of good j, they purchase only the qudity level sold for the lowest
price per unit of qudity. In Bertrand compstition, innovating firms are able to ensure this lowest priceis
adwaysfor the latest qudity leve, capturing the entire market.

Firms compete in price to differentiate the type of each good they are sdling. The goods g; and
below are produced and sold compstitively by firms throughout the world. Since the lowest margina
cost isthe Southern wage, these goods are priced ws. For smplicity, normaize everything to this wage,
so that ws = 1. The advantage of having the innovated good is reflected in the premium consumers are
willing to pay for the new good, which in this caseis g times the price of the next qudity level below it.
Profit-maximizing firms thus charge (g-e)ws, capturing the entire market. Ase® 0, thislimit priceis
q*Ws = Q.

With symmetrica demand for al varieties of goods j, consumers split their income evenly aong
the continuum. Thus, the quantity sold depends only on the size of the Southern market L.,

) x=LJp.

Profits are given by the difference between price and cost times quantity.

14



Profit = (p, - wj)*5
() i

The only difference between exporting profits (E) and MNE profits (R) is the wage paid, Snce the price

p; does not change. Define the relative wage w © wi/ws = W, S0 that

E = (0% W, - W)= (1- )L,
7) q= W, q

R= (q* W - Ws) J:S :(1_ 1)Ls
®) e

With this Bertrand competition, a second competitor bids the price down to cost. In this case, duopoly
profits following imitation go to zero. Note then,

(9 D=0

R- E=(w- 1)5
(10) q

From (1), firms choose FDI over exporting if 2(R-E) - F > m(R-D). Plugging in for (R-E) and

(R-D) yidds

2(w- 1)5- F >m%(q- )

(11)
which amplifiesto
w>1+F-9 4 MA-D
(12) 2L 2

A firmwill prefer FDI to exporting if the rdaive wage is high with respect to the right-hand side
of (12). Thevaue of the wage that determinesthis decison increases as F or mincrease. When the

disncentivesfor FDI are higher, alarger difference between Northern and Southern wagesis necessary

15



to induce overseas production.

(12) can be smplified with divison by (g-1), without changing the relationship between the
variables. Sincethereisno loss of generdity, | will continue to refer to w/(g-1) asthe relaive wage.
Thisdivison yidds
W 1 F.om

— —+—.
qg-1 g-1 2R 2

(13)
Thus, an increase in the rents of overseas production R lowers the relative wage w necessary to induce

FDI over exporting.

From (2), firms choose licensing over exporting if rR > E. Plugging in for R and E yidds

rLa(q- 1> S(g- w)
(14) a a

which smplifiesto
(15 W=Aa- r(q- 1)

or

(16)i>i- r.
q-1 g-1

A firm preferslicensing to exporting if the wageis high relative to the right-hand 9de of (16). This
tendency towards licensing increases with r, Snce as afirm enjoys higher returns they will be more likely
to license even a lower wages.

From (3), afirm preferslicenang to FDI if 2R] > 2R - mR - F, which amplifiesto

i+m>1_ r

(17) 2R 2

The preference of licensing over FDI increases with the fixed cogts of FDI, the probability of imitation,

16



and the roydty rate, but decreases with the rents from overseas production.
If the relative wage is such that only one of (13) and (16) hold, the firm chooses the mode of
entry determined by that wage. If (16) holds but (13) does not, the firm preferslicensing to exporting,

and exporting to FDI. This suggests that

.
1g 9-1 2R
which can be rearranged to show that (17) also holds. That is, if licensing is preferred to exporting, and
exporting to FDI, then licensing is preferred to FDI.

Similarly, if (13) holds but (16) does nat, the firm prefers FDI to exporting, exporting to
licenang, and thus FDI to licensing. The firm would choose FDI. If neither (13) nor (16) hold, the firm
choosesto export. If both equations hold, the firm chooses to shift production, deciding between FDI
and licenang depending on the rdative values of (17). Notice that the relative wage does not affect this
decison - in this case, the Southern wage is low enough relative to the North that the firm will not export
at dl, and only decides how to utilize Southern labor.

24 Theroyalty rate

The royalty rate r implicitly captures eements of the licensing contract. For licensing to occur,
the firm must be able to set a self-enforcing contract so that the returnsto it, based on the royalty rate,
are greater than the returnsto FDI or exporting. | set up asmple expostion of this contract, based on
Markusen (1995, 1999).

| assume there is no cost to the contract, and that the royadty rate must be set at the same value
of r for both periods. As part of the contract the licensee always pays the production cost G, earnsthe

rents from production, but pays a percentager to the licensor. In thefirst period, the licensee thus earns

17



(I-nR-G.

If the licensee defects, it obtains new rents, but must pay the cost G for new production
fecilities. Suppose that it dso must pay a defection cost d that enables the firm to circumvent existing
laws on intellectual property.™ This cost may cover the R& D necessary to produce a good that is
perfectly competitive with the MNE' s good, using information only available in the licenang contract. |
assume d rises with PP levels,

The MNE cannot defect from the contract, and if the licensee defects the MNE recelves no
rents. Thiswould betrueif there were no lag time between stages for the MNE to find a new contract
or build anew plant. Since there are no duopoly profitsin the modd, the MNE is left without an
enforceable contract and without an ability to produce its product.

Thus, an MNE will only engagein licenaing if there is no defection, which can only be prevented
with a sdf-enforcing contract. With no defection, the licensee earns (1-nR in the second stage. With
defection, the licensee earns R-G-d. To ensure no defection, the contract is set so that (1-N)R 3 R-G-d,
or r £(G+d)/R. The MNE maximizesits return by setting r = (G+d)/R.

2.5 Relative wage and the probability of imitation

Firms choose among the three modes of entry depending on various parameters of the modd.
The relative wage determines whether firmswill produce domestically or overseas, while the probability
of imitation determines whether overseas production takes the form of licenaing or FDI. The effects of
these two factors are related to the parameters g, R, F, and r.

The likelihood for licensing depends on the probability of imitation, which lies between 0 and 1.

14 Thisis similar to Gallini and Wright (1990) and Y ang and Maskus (2000c), where the licensee’ s ability to imitate
depends on the level of 1PP.
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From (17), a clear rdaionship exists as to whether afirm will ever condder licenang or FDI in
equilibrium. If

i>1-r

(19) 2R
then afirm will dways prefer licensing to FDI, even if the probability of imitation is zero. | refer to (19)
asthe“no-FDI” condition.

Smilaly, if

i+l<1_ r

(20) 2R 2
then afirm will prefer FDI to licensing even if m = 1, when they are assured of imitation. | thus refer to
(20) asthe*“no-licenang” condition. Notice that snce F/(2R)>0, then if r>1/2 then this condition does
not hold and licensing is a possibility.

Suppose F, R, and r are such that neither (19) nor (20) hold, which leads to the “ split-decison”

condition

1-r >i>1-r

(21) 2R 2
Both FDI and licenang can take place in eguilibrium if the inequalitiesin (21) hold.
25.1ThelE decision
The regions of parameters that support exporting, FDI, and licensing as the preferred mode of
entry can be graphed across the reative wage and the probability of imitation. A firm isindifferent

between exporting and FDI if (13) holds with equdity, thet is
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Graph 1 depicts this reaionship, drawing w/(g-1) on the verticd axis, and m on the horizontd axis.
ThelE line (I for “interndize’) maps dl the points a which afirm is indifferent between exporting and
FDI. If the rdative wage is below thisline, the difference in factor costs between the two regionsis not
large enough to shift production, and the firm chooses to export. If the relative wageis above thisline,
the firm prefers FDI to exporting. The dope of thelineis 1/2.

Graph 1:FDI versus Exporting
w/(g-1)

1/(g-1) +
F/(2R) + 1/2

FDI > Exporting

IE-line

1/(g-1) + FI/(2R) Exporting > FDI

|
0 1

m
A firm knowsthevadue of F, g, and R, in addition to m. Using this knowledge, it basesthe IE
decison on the rdlative wage prevailing in the economy. | cdl thisthe actual wage w*, which the firm
takes as given.
The parameters F, g, and R determine the IE-linein graph 1. For each value of m, thereisa

corresponding value of w that would make the firm indifferent between exporting and FDI. | cal this
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the indifference wage w®. The wage w” can be solved from (22), for agiven st (F, g, R) and for any
vdueof m ThelE-line plotsthe vaues for w.

If w* >w", then the actud wage faced by the firm is grester than the wage which would make
it indifferent between exporting and FDI at that probability m. This higher wage makes FDI attractive to
the firm. The set of these wages are in the region of graph 1 where FDI > Exporting.

Suppose afirm faced the probability of imitation m~, as shown in grgph 2, with an actud wage
w*. The point of decisonispoint A. For this m~, the reative wage that would make the firm
indifferent between FDI and exporting isw”. Since as drawn w* > w?, the firm will choose FDI.

Graph 2: Choosing FDI over Exporting
w/(g-1)

1/(g-1) +
FI(2R) + 1/2

FDI > Exporting

W PA IE-line
WA
1/(g-1) + FI/(2R) Exporting > FDI
|
0 m-~ 1

m
If wr > w*, then the actual wage is lower than the indifference wage, and the firm would
chooseto export. Thissat of pointsisin the Exporting > FDI region of graph 1. If w* =w”, equation

(22) halds, the firm is on the IE-line, and is thus indifferent between FDI and exporting.
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The effects of parameter changes can be seenin greph (2). If the fixed cost increases, then the
|E-line shifts upward. Thisraisesw” - a higher wage is necessary to induce FDI. Firms are now more
likely to export for agiven w*. If the shift in the I|E-line moved w” above w*, the firm would no longer
engage in FDI in the presence of the higher fixed cogt.

Anincreasein m dso diminishes the tendency for afirm to choose FDI over exporting. If firms
face ahigher risk of imitation, a higher indifference wage is hecessary for (22) to hold. Condder a shift
to theright for m~in graph (2). Theindifference wage w” rises dong the IE-line, and if the shift islarge
enough then the firm will eventudly choose to export.

252 TheLE decision

A firmisindifferent between exporting and licenaing if (16) holds with equdity, when

w9

Thisrelationship is independent of m, thus the LE-lineis horizonta in graph 3. If the relative wage faced

by the firm is above thisline, the firm prefers licensing to exporting, and if the wage is below thisline the

firm prefers exporting.



Graph 3: Licensing versus Exporting
w/(g-1)

Licensing > Exporting

a/(g-1) -r _
LE-line

Exporting > Licensing

|
0 1

m

Since m does not affect the returnsto licensing or exporting, it does not affect the LE decison.
For any given m, afirm will choose L or E based entirdly on the rdative wage. Thus, the licensing
indifference wage isfixed a g/(g-1) - r.

An increase in the royalty rate improves the tendency towards licensing. If r increases, the ¢/(g+
1) - r decreases, and the LE-line shiftsdown. For a given equilibrium wage, the firm ismore likely to
choose licensing.
253 ThellL decision

A firm chooses between FDI and licensing based on the probability of imitation, and is

indifferent if equation (17) holds with equdity,

—+

(24) 2R "

F,.m
2
which gives the indifference probability
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F
mhe 2(1-r)- —
@-r) R

(25
This relationship isindependent of the relaive wage, which graph 3 depictsasaverticd line. If the
probaility of imitation liesto the left of the IL ling, afirm prefersto interndizeits production. If m lies
to the right, afirm will license. Noticethat 0 < M < 1, or the decisoniistrivid. If m" <0, thenthe
“no-FDI” condition (19) holds, and if m” > 1 then the “no-licensing” condition (20) holds.

Graph 4: FDI versus Licensing
w/(g-1)

IL-line

Licensing > FDI

FDI > Licensing

N= -r) -
0 m~=2(1-r) - FIR 1 m

The IL decison only mattersif afirm has aready chosen oversess production, and isthus
independent of the equilibrium wage. This decision depends entirely on the indifference probability m™.
If the actud probability m* faced by the firm is higher, then the firm chooses alicensing contract. If m*
<", thefirm chooses FDI.

Asbefore, an increase in F diminishes the tendency towards FDI, and an increase in r improves

the tendency to license. For ether of these changes, the IL-line shifts left, and for a given (w*, m*) the
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firm will be more likely to license.

Tri-entry decision

The full decison for the firm includes dl three of these rdationships. Grgph 5 showsthe

necessary relationships between w and m for afirm to license, export, or engage in FDI.

Graph 5: FDI, Licensing, and Exporting

I>L -
| | Licensin
A
FDI
L>E
a(G-1) - r
E>L
I > E \\\\\\\\\\\\\\\\\\\\\
W \\\\\\\\\\\\ Ex p 0 rti n g
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l |
0 m* mA:2(1_r) —= l

m

Congder afirm that faces the actud wage w* and the probability of imitation m*, so that its

point of decison A clearly falsin FDI space. In thisstuation w* >w”, S0 equation (13) holds and the

firm prefers FDI to exporting, and m* < n", so equation (17) does not hold and the firm prefers FDI to

licenang. The firm chooses to engagein FDI.
3. Industries

3.1 Differentiating industries

The mode differentiates industries according to how easlly afirm’sinnovation can be imitated

by a competitor, which in turn affects their dependence on IPP. M firms are in industries that enjoy
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natural barriersto imitation, and are thus relatively free from the threat of imitation, no maiter the level of
IPP. Pfirms, however, are in indudtries vulnerable to imitation of their latest qudity innovations, and
would require ahigher leve of 1PP to protect the rents from innovation.

These industry differences affect both the licensing and the FDI decison. For FDI, the primary
effect isahigher fixed cost F. Higher costsindicate natura barriers for protection, so as F rises then the
risk of imitation should fal. Thus, the secondary effects on m follows the fixed costs F, where m=m(F)
and m’ (F)<0." For the same reasons | assume Fy>Fp, | set Gy>Gp, and thus ry>rp. M industries
have alesser fear of defections, so they can set contracts for ahigher r.

Indugtries that differ according to their fixed cost F, and in turn their probability of imitation m,
face different relative wages that would make them indifferent between FDI and exporting. Industries
that differ according to their cost G, and in turn their roydty rate r, face different relative wages that
would make them indifferent between licensing and exporting. These changes d <o influence the decison
between FDI and licengng by shifting theimitation level which leaves the firm indifferent. For M
indudries, the |E line shifts up, the LE line shifts down, and the IL line shifts |ft, with the opposite shifts
for Pindudtries. Moreover, the actud risk of imitation m* faced by the firm would change. Not only
are the regions changing, but the point of decison is changing. The tendencies towards each of the
modes of entry depend on which effect dominates - the increased fixed cogt, the decreased probability
of imitation, or the roydty rate.

3.2 Changesin thefirm’sdecision

3.2.11E changes

5 Teece (1976), chapter three, investigates the costs of technology transfer. Summary statistics of his survey data
indicate that the costs for chemicals and petroleum industries, which are closer to my P industries, are lower than for
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Asindusgtries differ according to the fixed cost F they redize different reative wages that would
make them indifferent between FDI and exporting. The indifference wage w” depends on industry-
gpecific parameters. Whether thiswage is higher in the M or the P industry depends on the magnitude
of dm/dF.

The |E indifference wage, as shown in (22) above, dependson (F, g, R) aswdl asm. That is,
w =w(F,m,q,R). Sincethe parameters of interest are F and m, this can be rewritten

26) w=w(F, mP);q R).

Differentiating w with respect to F gives

(27)  dw/dF =w/ F +w/ m* dm/ dF |

From (22) it is obvious that TW/ TF >0 gng T/ Tm> 0 The assumption that dmVdF < 0, however,
suggedts that the sign on (27) is ambiguous, depending on the magnitude of dm/dF.

Differentiating equation (22) provides a specific representation of (27):
28)  dw/dF = (q- DE= + (dm/ dF)Y
Y8R T2 il

If (28) equds zero, there is no difference in the relaive wage across industries and the changes in F and

m offset each other. In this Stuation,

2 Lamidr) =L amrdr
(29) 2R 2 2 )
Rewriting this,
|dm/dF |z =
(30) R

machinery industries.
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Thus, the 9gn on dw/dF depends on the magnitude of dm/dF rdativeto 1/R. Thisgivesthe
following three cases

Case (i): dw/dF > 0if [d/dF| < IR

Cee (ji): dw/dF =0if [dnV/dF| = IR

Case (jii): dw/dF < 0if [dnVdF| > 1/R.

In case (i), the higher fixed cost dominates the lower probability of imitation, so that M firmswill need a
higher relaive wage to engage in FDI. In case (jii), the effect on the probability dominates, so that firms
will engagein FDI at alower rdative wage. For P firms, the oppositeistrue. Firmsthat are more
imitable, but with lower fixed cogts, will tend to engage in FDI in case (i) and export in case (iii). In
case (ii), the direct and indirect effects offset each other, and the industry differences do not affect the IE
decison.

The expresson R, for monopoly rents, plays an important role in afirm’s decison-making.
Here, it affects how the |E decison responds to industry differentiation, while above it was shown to
affect the generd IL decison. Essentidly, R captures the value of the proprietary asset, and thus the
extent of itsloss by imitation. If thisvaueislarge, the effect of m would tend to dominate dl
expressions, such asin case (iii).

The effects of industry differentiation can best be seen in the shifts awvay from a point of
indifference. Consder two firmsthat are both indifferent between FDI and exporting, and redize a shift
in their industry complexities. One firm increases in complexity, becoming an M firm with ahigher F and
alower m, and the other firm becomes an P firm. Applying subscripts to these changesyields Fy > Fp
and my < me.

Since both firms were origindly on the IE-line, then for both the actud wage w* was equd to
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thar indifference wage before the shift. That is,

n

w* w 1 F m
o

(31)q-1 g-1 gq-1 2R 2

for both industries.
Both firms, formerly indifferent between FDI and exporting, now redlize a preference for one
over the other. Whether the decison is exporting or FDI depends on the magnitude of dn/dF. In case

(), anincrease in F leads to an increase in the indifference wage. Thus, for M firms,

n

*
Wy, 1 +FM+mM>W

@ 94-1 -1 2R 2 “g-1

Notice that since F increases for M firms and decreases for P firms, each will have an opposing

tendency towards each activity. For Pfirmsin case (i),

*
w _ 1 +Fp+mp<w

(33)q-1 g-1 2R 2 g-1

Graphicaly, changing F from a point of indifference means shifting the IE-line. For Pfirms, the
line shiftsright, and for M firmsit shift left. On this new graph, however, the probability of imitation m
aso moves, sinceit dependson F. The actud decision of each firm —whether to export or engagein
FDI — depends on which changes more, m or F.

In case (i), [dm/dF| < /R, and an increase in F leads to an increase in the indifference wages.
For M firms, this means the indifference wage is now higher than the relative wage, and they will
choose to export. The point of decison for M firmsin case (i) isX*. Ascanbeseeningraph 6,itisa
point where my, does not change as much as Fy when shifting from indifference.

For P firms, the oppositeistrue. In case (i), dthough mp does not shift as much as Fp, the
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indifference wage is lower than the relative wage, and the point of decision Y* dearly liesin FDI space.
P firms choose to engage in FDI.

Graph 6: The IE decision with industry differentiation
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In case (ji), the changesin F and m are perfectly offsetting, and both firms remain
indifferent, as shown by points X? and Y2 In case (jii), m shifts more than F, yielding points X* and Y3,
Clearly, in thiscase M firms engagein FDI and P firms choose to export.

3.2.2 EL decison

A smilar anayss determines how industry differentiation affects the decision between exporting
and licenang. Consder starting from indifference, where the firm faces the reative wage indicated by
(23). Differentiating indudtries raises the roydty rate for M firms, and lowersit for Pfirms. Thus, the
LE-line shifts up for P firms and down for M firms, as depicted in grgph 8. Since the actud wage w*
does not change, P firmswill choose exporting over licensng, and M firms will choose licensing over

exporting.



Graph 7: The LE decision with industry differentiation
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3.2.3 1L changes

The effects of indugtry differentiation on the decision between FDI and licenaing is dightly more
complicated, due to the effects on both modes of entry. Again, start with two firms that are both on
ther indifferenceline. That is, for both firms, the probability of imitation they face is the same asthe
indifference probability,

F

3 m* =2(1- r) - =

Notice that the term on the right-hand side of (34) has been defined as M in (25) above. Thefirm
actudly faces probability m*, which in generd can be higher or lower than the probability m that
makes it indifferent between FDI and licensing. Industry differentiation changes both m* and m”®, with
the effects on the decision of the firm depending on which changes more. As discussed, these decisons

are affected both by the change in F, which changes m, and the change in G, which changesr. | discuss
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each of these effectsin turn.
Congder fird the effects of industry-gpecific changesin F from the point of indifference dong
the IL-line, leaving r congant. Like the IE case above, the underlying factor is the magnitude of dm/dF

relaive to the monopoly rents R. Fully differentiating (34) with respect to F yidds

dm/dF =- =
(35 R
or
L |dm/dF =0
36) R .

In case (i), (36) is positive, so that an increase in F leads to alarger increase in the | eft-hand side of (34)
than the right-hand Sde. The rising fixed costs dominate the lowered probability. The indifference
probability for M industries grows larger than the actud risk of imitation they face. Thus m* > m" and
licenang is preferred to FDI, as given by

m,, >mw =2(1-r)- Fu

(37)

M firms are affected more by the increased fixed cost than the lowered probatility.
For P firms, however, in case (i) alowered fixed cost means the indifference probability drops more
than the actud risk of imitation, and they are more likely to choose FDI, as given by

m, <mpe =2(1- r)-%

(38)
In case (iii), the oppogiteistrue. If [dm/dF| > /R, M firmsredize a higher indifference
probability and choose to engage in FDI. P firmsredize a higher actual probability and choose to

license. In case (i), the changes offsat, and firms remain indifferent. Graph 8 depictsthe IL decision
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with indugtry differentiation when r isheld constant. Notice that after indudtry differentiation, both firms
face different indifferent probabilities ™ aswell as different actud probabilities m*. Thisdiffers from
the |E decison, in which industry differentiation leads to changesin the indifference wages w” but does
not affect the equilibrium wage w*.

Graph 8: The IL decision with Industry Differentiation
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Now consider the effects of changesinr. Indugtry differentiation raisesr for M firms, and
lowersr for P firms. This does not affect the actud probability of imitation m* for ether firm, but lowers
the indifferent probability m™ for M firms and raises m™ for Pfirms. In graph 8, the full lines shift
outward, further from the origind m™.
In case (i), the changes on the royalty rate only exacerbate the influence of industry
differentiation aready taking place in the shiftsin F. For M firms, my* drops further beyond X*, and for

P firms m" rises even further past Y*. In cae (ii), the changesin the royaty rate, however, make



licensng more dtractive to M firms and FDI more attractive to Pfirms. The shift in the full linesin grgph
8 put X? inlicensing space, and Y? in FDI space.

In case (iii), the changes in the roydty rate work contrary to the influences of the changesin F.
In graph 8, the M lines for both the M firms and the P firms move closer to the points X3 and Y3. At
some point the effects of the royalty rate will dominate®® Under this condition, M firmswill always
prefer licenang to FDI, and P firmswill always prefer to interndize. | cdl thisthe “interndization
effect”.
3.2.4 Full Effects of Industry Differentiation

The full effects of indudtry differentiation for the three cases are shown in table 2, with the
ultimate decison of the firm shown in the bottom row. In case (i), licenang dominates for M firmsand
FDI dominatesfor Pfirms. In case (ii), licenang again dominatesfor M firms. For P firms garting from
apoint of indifference, alowered fixed cost and raised roydty rate will sill leave them indifferent
between exporting and FDI. This divergence follows the specia property of case (ii), where the effects
on the fixed cost and the relative wage are off-setting, leaving firms on the El-line.

Table 2: The different cases of industry differentiation

0] & 0) Ca= (jii)
Decison Mfirms Pfirms Mfirms  Pfirms M firms P firms
El exports FDI indifferent indifferent FDI exports
EL licenses exports licenses exports licenses exports
IL licenses FDI licenses FDI FDI/license* licenses
Prefers:  Licenses FDI Licenses Export/FDI | vsL* Exports
indifferent

18 This exact point cannot be found without assuming arelationship between F and G.



* Depends on the “internalization effect”

In case (iii), exporting dominates for P firms, but M firmswill prefer FDI or licensng depending
on the internalize effect. If the only effects considered are on the fixed cogts, M firms will choose FDI
over licensing and thus engage in FDI. As discussed above, however, for alarge enough roydty rate,
M firmswill shift their preferenceto licenang. This changes thair ultimate decison, since both FDI and
licenang are preferred to exporting for M firmsin case (iii). For Pfirms, exporting is preferred, no
meatter the pogtion of m™.

Graph (9) shows the combined effects of industry differentiation in cases (i) - (iii). Theonly
ggnificant difference among the graphsis the position of the industry-specific m*, since the actud
dimensons arethe samein dl three cases. For M firms, the licensaing and exporting spaces grow at the
expense of FDI space, and for P firmsthe FDI space grows at the expense of both licensing and
exporting. | indicate the origina dimensions of graph 5 with a dashed line.

In case (i), the probabilities do not shift as much asthe IL-line, leading to the points of decison
X* and Y* for M and P firms, respectively. Based on the actual wage, M firms thus decide to license
and Pfirmsto engagein FDI. In case (i), the probabilities shift dong the IL-line, leaving P firms
indifferent between exporting and licensng when facing the actud wagew*. M firmsare dearly in

licensing space, due to the shift down in the EL-line.



Graph 11: Full effects of industry differentiation
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In case (jii), P firms cdlearly find themsavesin exporting space no matter the position of their IL-
line (the M that depends on the royalty rate). Asdrawn, M firmsfind themsdlvesto the left of the IL-
line, and would choose to interndize. The actud result, however, depends on the “interndization
effect”. If theline were shifted to the left, it would eventudly reach the point where M firms would
ultimately choose to license.
4. Intellectual property protection and technology transfer
4.1 Therdative wage and mode of entry

The bottom row of table 2 shows the mode of entry afirm will choose when the actud wage
faced by the firm takes the value w*. Under these conditions, M firmswill never export, and will only
engagein FDI if the “interndization condition” isnot met. P firmswill never license, and decide between

exporting and FDI depending on the vaue of [dm/dFH-1/R.



| have defined two aspects of technology transfer. The shifting of production viaFDI isa
change in the location of technology, while the direct licensing of aproduct isashift in control.'” Inthis
modd, the M indudtries are more likely to license their technology, and P industries are more likely to
engagein FDI. Note that these tendencies do not depend on the relative wage, as shownintable 3. As
w changes, the decison to export or shift production changes, but the manner of shifting production
does not change. The decision to license or engage in FDI is independent of the relative wage.

Table 3: Different relative wages

M firms P firms

Highw  license license license FDI FDI FDI
w=w* license license license/FDI* FDI Export~FDI Export
Low w export export export export export Export

* Dependson “internalization” effect

4.2 Intellectual property protection

The Southern government can influence technology transfer through its IPP regime. Two
methods exist in the model: 1) dtering the ability to imitate products after FDI, and 2) changing the costs
to defection from alicensing contract. Both of these methods represent the scope, or breadth, of patent
protection. With asmall scope for protection, imitating or defecting firms can easily introduce a

competing product that closaly substitutes for the existing good. As the scope of protection increases,

Y The imitation of a product could also be considered a shift in control, but as mentioned above | do not consider it
in the present analysis.
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further costs of imitation are involved. 1n the modd, this means that stronger 1PP yidds alower m* and
ahigher r (from the higher d) for both firm types.

Congdered independently, any lowering of the imitation rate m* shifts the firms decison poirt
further into FDI space. For firms dready engaging in FDI, such as P firmsin case (i), the change in IPP
does not affect their entry decison. For other firms, such as M firmsin case (i), alow enough m* may
induce a change from licensing to FDI.

A shiftin r (through d) does not change the point of decison, but shifts the lines that define the
decison space for the firm. The LE-line shifts down asr increases, and the IL-line shiftsleft. Thereis
no change dong the IE-line, sncer plays no role in the direct FDI versus exporting decison. This
resultsin an expansion of the licensing space a the expense of both FDI and exporting space. For firms
that dready license, this has no effect, but for firms that either export or engage in FDI, this could induce
achangeto licenang.

The two dements of 1PP both lead to higher levels of technology transfer, but have different
influences on the compaosition of technology transfer. If m goes down or r goes up, then both M firms
and P firmswill be more likely to shift production overseas. M firms generdly demondirate a propengity
to license, and P firmsto engage in FDI. Whether these tendencies change with PP depends on
parameters of the modd.

Congder the Stuation of case (i) when the relative wage isw*, as depicted in graph 11.
Stronger IPP shiftsm* |eft for both types of firms, which increases the tendency towards FDI, but dso
expands the licensing space for each firm. Before any |PP changes, P firms prefer FDI to licensing

because



F .
(39) 2(1- r,) - ?P>mp.

A srengthening of 1PP increases r and lowers m*, so that both sides of (39) decrease. For the
tendency towards licenang to increase with a change in | PP, the change in the right-hand side of (39)
must grow relative to the change in the left-hand sde. Fully differentiating (39) so that the change for
theright-hand 9deislarger yields

(40) - 2dr, >dm,,
which can be rearranged to show

(41) dm/dr<-2,
where the subscripts are dropped since thisis a genera relationship.

To get an explicit representation of the effects of 1PP changes, consider the conjecturer =

(G+d)R. Fuly differentiating (39) again yidds
2
(49 - —dd>dm,

or

dm,_ 2
(43) |a P h
If (43) holds, then an increase in IPP increases afirm' s tendency towards licensing. If it does not hold,
then an increase in IPP increases a firm’ s tendency towards FDI. Note that the latter is more likely for
alarge R, which follows from the previous result that grester monopoly rents increases a firm’s tendency
to choose FDI over licensing.

5. Conclusion

Thismodd shows the effects of intellectua property protection on technology transfer, when

39



multinationa's can choose between FDI and licenaing. | extend the present literature to include industry-
specific characterigtics of the good produced, which affect both the entry decision and the response to
varied |PP regimes.

Industries with large fixed costs but alow risk of imitation, such as metds, are more likely to
enter amarket through licensing, while industries with a high risk of imitation, such as pharmaceuticals,
are more likely to enter amarket through FDI. Policy changes that affect the scope of intellectua
property tend to increase the overdl level of technology transfer through FDI and licensing. Moreover,
different IPP regimes dter the composition of technology transfer, depending on the monopoly rents of

new innovations.
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Appendix A
Appendix A.1 Transportation costs and non-traded goods

For amplicity, | have assumed zero trangportation costs in the main modd. In this section, |
show that including theses costs smply adds a nuisance parameter to the modd. Reproduce the
fundamenta equations (1) — (3) as

A1) (R-F)+((@Q-mR+mD>2E

(A2) Tr[2R] > 2E.

(A3) 1[2R] > (R-F) + (1-m)R + mD.

Suppose exporting firms had to pay atransportation cost t for each good sold. The margind
cost for Northern production becomes wit , with arelative cost difference wit /ws = wt. Rewriting the

profit equations (7) and (8)
A4 E=(1- YL,
q
(A5 R=(- 1)LS.
q
Thus, (10) becomes
L
(A6) R-E=(wt -1)—.
q
Pugging thisinto the IE-line (A1) and the LE-line (A2) yidds
(A7)
(A8) Wy 9
q

The IL-line does not change. Transportation costs Smply scale the relative wage upward.



Notice that some values of t lead to the presence of non-traded goods in the modd. This
occurs if exporting is preferred to FDI and licensing (neither A7 nor A8 hold) but exporting yields

negative rents due to the high transportation costs. If exporting yields negetive rents, then

(A1) (1- %t)LS <0:

thus, goods are non-traded if t > g/w.
Appendix A.2 Reverse engineering

In the main paper, | have assumed that exporting firms are free from the risk of imitation. This
assumption, common in the literature, greetly smplifies the overal equations without reducing the
mode’ s explanatory power. In thissection, | show the results when congidering the possibility of
reverse enginegring.

Suppose exporting firmsface the risk of imitation m The expected rents from exporting,
formerly 2E, are now

(A12) E+(1-mE+nD,

=2E-nE

The IE-line from (1) can be rewritten

(A13) 2(R-E)-F>mR-nE
Plugging in the profit equations (7) and (8) yidds

(A14) i>i+i+m_ E(M

q-1 gq-1 2R 2 2 qg-1""
The IE-line shifts down, making firms more likely to prefer FDI to exporting.

Smilarly, the LE-line from (2) can be rewritten



(A15) r[2R] >2E-nE
Pugging in for the profit equations yields

A V-9 2
g-1 g-1 2-m

The LE-line shifts down, making firms more likely to prefer licenang to exporting.

Aswould be expected, the possbility for reverse engineering that lowers the returns to
exporting decreases the regions in (w, m) space that firms would be likely to export. An interesting
addendum to this discusson consders the possibility that reverse engineering and imitation after FDI
occur at the samerate, if m=m. In this scenario, the IE-line can be written

w 1 F
> +
g-1 g-1 (2- mR

(A7)

and the LE-line can be written

ng N> 9 2,
g-1 g-1 2-m

The presence of m as avariable in the denominator of the equations of these two lines makes graph 5
consderably more complicated. The IE-lineis now increasing and convex, with the IL-line decreasing

and concave. The firm’'s decision-making process, however, does not change.



