INTERNATIONAL TECHNOLOGY TRANSFER WITH AN INFORMATION
ASYMMETRY AND ENDOGENOUS RESEARCH AND DEVELOPMENT

by .
‘DONALD JOHN WRIGHT

B.EC(hons.), The University of Adelaide, 1977
M.Ec., Monash University, 1980

A Thesis Submutted i;l Partial Fulfillment of
the Requirements for the Degree of
DOCTOR OF PHILOSOPHY

~In
The Faculty of Graduate Studieé

Department of Economics

We accept this thesis as conforming

to the required standard

The University of British Columbia
February 1989

(© DONALD JOHN WRIGHT, 1989



In presenting this thesis in partial fulfilment of the requirements for an advanced
degree at the University of British Columbia, | agree that the Library shall make it
freely available for reference and study. | further agree that permission for extensive
copying of this thesis for scholarly purposes may be granted by the head of my
department or by his or her representatives. It is understood that copying or
publication of this thesis for financial gain shall not be allowed without my written

" permission.

Department of Ecomomics

The University of British Columbia
Vancouver, Canada

T

DE-6 (2/88)



ABSRACT

This thesis developed a partial equilibrium model of international technology
transfer in which the extent of technological change and the mode of technology
transfer were endogenous. This endogeneity was obtained by explicitly considering
the problem faced by a monopolist that was trying to lower production costs by
undertaking research and development and was trying to maximise global profit by
transferring technology abroad. The modes of transfer considered were (1) the export
of goods, (2) production abroad in a wholly owned subsidiary, and (3) licensing a for-
eign producer. A fixed cost was assumed to be associated with subsidiary production
while transfer via license was assumed to involve an information asymmetry. The
interaction of the fixed cost, the information asymmetry, and convex cost functions

at home and abroad determined which mode of transfer was optimal.

Imitially it was assumed that research and development resulted in either a high
or low cost technology and that license contracts were characterised by a market share
restriction and a lump sum payment. Some results that emerged from the analysis of
the transfer decision were. that licensing always dominated the export of goods and

the high cost technology was always licensed.

The welfare implications of the home country banning technology transfer via
license or subsidiary were derived. In general, the welfare effects were ambiguous
depending on the interaction of a profit, price, and research and development effect.
The foreign country policies that were considered also had ambiguous welfare effects. -
Although ambiguous welfare results are disappointing, the model does highlight im-
portant welfare effects that have not been formalised in previous work.

A number of extensions to the basic model were considered. The first was
increasing the number of possible technology types, and the second was including per
unit royalties in license contracts. Under both extensions ambiguous welfare results
were still obtained. The third and final extension involved eliminating market share
restrictions from license contracts. With complete information it was shown that the

owner of the new technology may license a potential competitor. The solution of the

incomplete information problem is a proposed area of future research.
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CHAPTER 1
Introduction

In recent years the int'efnational transfer of technology has become an important
policy ‘issue. Countries thafexport technology‘ are concerned that technology trans-
“fer will erode their 'technologlical lead and weaken their competitive position in World
trade, or result in a loss of jobs. .On' the other_ hand, technology importing coun-
tries conﬁpiain of use restrictions and a general lack of control over the transferred

technology EJ.Teece ( 1’981)'].

A .i;'heoret.ic_al literature on the welfare and poli(;y implicétionshof technolog.y
__transfer has de.:veloped' however, two restrictive assumptions‘ are usually made. The
first is that ‘rechnologlcal change is exogenously given [Rodrlguez (1975) Mc("ulloc‘l’i,
and Ye]len \1”89}7 and Brecher (1982)l7 and the second i is that the mode of technology
transfer is exogenously given IPugel (1982) and Feenstra and Judd (1982)]. These
_assumptlons aré inappropriate when considering the welfare effects of various policies,
because the made of technology transfer and the extent of technological change may
be affected be the pahticular policy being considered. The thesis that follows attempts
' - to correct this deficiency by building a model in which the mode of technology transfer

and the extent of technological change are endogenously determined

Section 2 provides a brief survey of the. hterature which hlghhghts the use of the
. above two assumphons In existing models of technology transfer. Section 3 contams
the basic model in which technological change and the mode of technology_transfer-
' are endogenouh. ‘As. a starting point, this section assumes the existence of a firm that
has discovered a new product over which it has global monopoly power. This firm
1s also assumed to have no"t.pre\}ious.ly transferred technology abroad via n wholly

owned subsidiary. Before beginning production, this monopolist undertakes R&D

1



expenditure in order to reduce its production costs (this is the sense in which the
" extent of technological change is endogenous). The outcome of the R&D is uncertain
though 1t 1s known that either a high or low cost technology will result. Once
this outcome is known, the mbnopolist méximises global profit by tra.nsferring the
technology abroad. It is assumed that a fixed cost, k, is associated with subsidiary .
production. This fixed cost is included to 'Capture the assumed natural advantage
possessed by local ehtrepreneurs in the pfoduction process. k can be interpreted as
an entry fee which must be paid by a subsidiary in order to understand the workings
of local factor markets and institutions.! For local entrepreneurs £ is zero.? It is
also assumed that an asymmetry of informafion exists between the owner of the
_ technolbgy that knows its type (high cost or low cost) and potential licensees that do
not. .The interaction of & with the information asymmetry determines whether the
technology ils transferred via a wholly owned subsidiary or via a license agreement.
The in'lporta.rlc:e of k£ and the information asymmetry in the choice between licensing’
or subsidiary. production is highlighted by considering the optimal mode of transfer
when 'only one of them is operative. If £ = 0, technoldgy 1s always transferred
ébroad via a subsidiary, because the cost associated with the information asymmetry
is avoided.® If & > 0, but no inforn1atioﬁ asymﬁetry exists, technology is always

transferred via license, because the monopolist thereby avoids paying the entry fee k.

Assuming that a license contract is characterised by a lump sum paymént and

a market share restriction, the major result of Section 3 is that licensing is possible '

1 The fixed cost k is a natural advantage possessed in the production process not in marketing
or distribution. '

2 The assumption that local entrepreneurs.posseés a natural aavantage was used by Hymer
(1960) to develop a theory of direct, foreign investment.

3 If_ a firm has previously transferred technology abroad via subsidiary, then it obtains infor-
mation about local conditions and k¥ = 0. This is why it was assumed that the firm had
not previously transferred technology abroad via subsidiary, for if it had, any new technology
would also be transferred via subsidiary. '



in the presence of the information asymmetry. This is a new result which follows
directly from the existence of the fixed cost, A In prévious work, the existence
of an information asymmetry led many researchers to argue that new technological
knowledge would never be licensed, rather it would be transferred internally via a

wholly owned sﬁbsidiary. For example,

“Knowledge ... is a commodity the .characteristics of which are unknown to
the buyer. Co'nsequently knowledge will be costly to é:ccimﬁge in the market

and ... is more efficiently transferred within firms,” [Hennart (1982)],
or similarly, the asymmetry of information causes

“pfoprietors of information to. abstain from licensing and ezploit the infor-

mation themselves through foreign direct investment,” [Casson (1979)].

In Section 4 the welfare and policy ifnplications of the model developed in Section
3 are ouﬂlined‘ Using the sum of expected consumer surplus and expected monopoly
profit as a measure of expected welfare, a ranking of various policies that have been
recommended or used in practice is provided. In general, the results of this sectiop.are

ambiguous. This suggests that a case by case approach to policy may be necessary.

Section 5 extends the model of Section 3 by allowing more than two types of
technology. It is found that this does not alter the thrust of the arguments in Sections

3 and 4, but it does complicate the analysis greatly.

In Sectioﬁ 6 a per unit royalty is introduced into the license contract. It is
found that this increases the likelihood of licensing being chosen as the mode of
technology transfer. It is a,léo found that the amount of R&D undertaken in a
separating equilibrium increases, cetAefis paribus, with the inclusion of a per.unit

royalty in the license contract.

In Section 7 the licensing decision is investigated when a market share restriction
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1s not allowed in the license agreement. This means that when the technology is
licensed the licensor is creating a competitor. With complete information it is shown
that licensing may still be chosen as the mode of transfer. It is also shown that per unit
royaities play an important role by restricting the competitive force of the licensee.
The licensor’s problem has not been solved for the case of incomplete informatidn,

though some preliminary remarks are made. -

Section 8 contains some concluding comments as well as some proposed areas for

future research.



CHAPTER II
Literature Survey

Tech'ﬁolo;gical change and technological differences have played a major role in
explaining the pattern of production and trade since the time of Ricardo. However,
it was not until the mid 1960’s that Amano (1964) and Jones (1965) incorporated.
exogenous technological change into a simple gen;aral equilibrium Heckscher-Ohlin

model. This led Jones (1970) to conclude that
" “the analysis of exogenous changes in techniques is basically complete”.

" During the mid 1970’s and early 1980’s research expanded to consider the impact
of international technology transfer on national welfare. Rodriguez (1975) developed
a static general equilibrium model. to derive the optimal policy for a country which
owns t,hé. technology for producing-a unique proauét. Under conditions of increasing
cost, the optimal policy consisted of fully exploiting monopoly power abroad while
encouraging competitive behaviour at home.! This policy dominated trade in goods

with an optimal tariff, because it allowed a more efficient allocation of world resources.

In défi.\/ing thi.s.result Rodriguez made two crucial .assumptions.z First, he
assumed that the new technology was exogenously given, and second, he assumed
that the mode of technology transfer was exogenously given and 'irrelev;nt when
consideriﬁg the- effect of policy on national welfare. In reality both assumptioﬁs seem

inappropriate.

1 -Monopoly power was obtained abroad by either licensing the technology and charging an
optimal royalty, or by establishing a forelgn production facility and behaving as-a monopolist
in the foreign market.

2 These assumptions were also made by McCulloch and Yellen (1982) and Brecher (1982)
when they analysed the welfare implications of technology transfer. Brecher was specifically
concerned with the welfare of the technology receiving country, and McCulloch and Yellen
examined the welfare of both countries. '



Technological change is oft'en the result of research and development expenditures
which in turn respond to economic incentives; therefore, technological change should
be treated as an endogenous variable. By assuming that it .i_s exogenoue Rodriguez
ignores any impact policy may have on the extent of technological change, and so

excludes a potentially important welfare effect.

The mode of technology transfer is also a decision variable for the owner of the
new technology. The fact that one mode of tfansfer is preferred to another implies
that policies designed to change the optimal mode of transfer will have at least an
influence on the profits of the monopolist. A further Welfare effect arises if changing

the mode of technology transfer alters the amount of R&D undertaken.

The weakness of these two assumptions has been recognised by many researchers,
and some attempts have been made to endogenise technological change and the mode

of technology transfer. Some of these attempts are now sufveyed.
2.1 Endogenous Technological Change

Pugel (1982), building on the work of Connolly (1973), developed a Ricardian -
model of complete specialisation vto derive optimal policies in the face of technology
transfer when technological change was endogenous. In this rﬁodel costly R&D is
undertaken by a perfectly competitive research sector in order to obtain new technical
knowledge which lowers the cost of producing outputA. This knowledge hae public good
characteristics in that it can be used in several industries at ﬁo extra cost. It is sold to.
‘ produeers of output in return for reyalty payments. The royalty payment is legislated‘

by the government, and its level is determined by a Lindahl pricing scheme.

Within this model even a free transfer of technology improves home country
welfare (the home country is the one that has the R&D sector, the foreign country
is assumed to do no R&D), because it reduces the price of the commodity which the
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home country imports.3 Introducing royalty payments leads to additional welfare,
increases for the home country. Another important result is that the optimal royalty
rate for the foreign country need not be zero, ‘because a positive royalty payment

stimulates R&D which in turn reduces production costs and increases foreign output.

Pugel analysed the development and transfer of a new technology which reduced
the cost of producing output. Feenstra and Judd (1982) develop a model in which the
new technology takes the form of a new product Variety.. In their model new varieties
arise from:bR&Dv which can be undertaken within a monopolistically competitive firm
or purchased from a perfectly competitive industry. Consumers are assumed to have
a utility function in which utility is increasing in variety. The number of varieties
produéed increases until the profits of the monopolistically Competitive firms are
reduced to zero. The R&D is undertaken in the country where its cost is least, and
'technolog-y transfer is identified as occurring when R&D is done in one ééuntry while

production of the new variety occurs in the other country.

Given this structure, Feenstra and Judd analyse the welfare implications of
vaﬁous policies for the home country. -Only one of these policies 1s considered here; -
namely, a tariff on the export of technologies. This tariff reduces the amount of
technology transfer and the number of varicties produced. In turn, this reduces
home country welfare as utility is an 1ncreasmg functlon of the number of varieties
avallable for consumption. However, the reduct1on in the nurnber of varletles produced
increases the dema.nd for the remaining varieties, increases domestic profit, and raises
the numbef of varieties produced at home. This l.atter effect increases the demand for

home labour and increases the home wage relative to the foreign wage. The terms of

3 In McCulloch and Yellen a free transfer of technology can reduce home country welfare if the
home country continues to export the good produced with the new technology. This difference
arises because Pugel assumes complete specialisation and a new technology that can be used
in more than one industry. ' :



trade improve, and home welfare increases. Tariff revenue also raises home welfare.
The net effect on home welfare can be shown to be positive. In effect, the tariff.

exploits the monopoly power of the home country in R&D.

Although both Pugel and Feenstra and Judd endogenised R&D in their mod-
els, both assumed this R&D was undertaken within a perfectly competitive sector.
The result of this R&D was then sold to firms in competitive and monopolistfcally
| cornpetit.ive‘ indu.stries respectively. These market structures igﬁore t.he'role‘ played
by R&D in providing at least temporary monopoly power to the owner of the new

technology.:

Neither P’ugef nor Feenstra and Judd model the mode of transfer decision. In
their models the R&D sector obtains royalties which do not depend on whether the
technology is transferred by license or by a wholly owned subsidiary. ‘In practige,.
some technologies are transferred via license while others are tr.ansferr(:d via a wholly
owned subsidiary, thbe mode chosen depending on >proﬁtabil.ity. The endogeneity
of this decision should not be ignored Wilen analysing the welfare implications of
technology transfer policy especially if R&D isk endogenous, because the amount of

R&D undertaken may Vafy with different policies.

- The failure of Pugel and Feenstra and Judd to consider R&D as a means of
developing at least temporary monopoly power has Been addressed by“‘]enseh._ and
Thﬁrsby (1987). These authors model a Northern monopolist and a Southern social
planner strategically interacting; and in the process determining how many resources
. are devoted to innovation and imitation. The Northern monopolist undertakes R&D
to de'velopvnew products, and maximises the present value of its profit stream.
The Southern social planner devotes resources to reverse engineering which results
n téchnology_transfer. A unique, locally stable, steady state Nash equilibrium is

shown to exist, and in this equilibrium innovation and reverse engineering are directly
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related. The intuition for this result i1s that if the South devotes more resources tb
reverse engineering, then the length of time over which the monopolist has monopoly
power is reduced, and this reduces the present value of 'profiﬁs. The best response of
the monopolist is to increase the amount of resources dévoted to innovation, because
this increases the number of goods over which t‘he North has monopoly powerAand

provides an offset to the loss in monopoly power caused by reverse engineering.

The model of Jensen and Thursby is an improvement on previous product cycle
models [Dollar- (1986), Krugman (1979), and Vernon (1966)] in that both the rate of
technological change and the rate of technology transfer are endogenous. Also, R&D
is used by the Northern firm as a means of obtaining monopoly power; a feature
not found' in Pugel, or Feenstra and Judd. However, technology transfer does not
result from an explicit decision by the monopolist regérding the optimal location of

production facihties, but rather leaks abroad because of reverse engineering.4

In general, the literature on téchnology transfer in which R&D is endogenous has
not considered R&D as a means of obtaining global monopoly power, nor technology
_ transfer as a means of exploiting this power globally.’ The importance of the world
market to firms undertaking R&D is highlighted by the finding of Mansfield et al

(1982) that between 30-40% of an R&D project’s returns come from foreign sources.
2.2 The Mode Of Technology Transfer

The Eclectic Theory of direct foreign investm'ent, developed by Dunning (1979),
is useful in modelling the situation in which a monopolist owner of a new prod-

uct/technology is trying to maximise global profit by the transfer of technology

4 Pugel (1981) developed a model in ‘which a monopolist undertook R&D to maximise global
profit, but he failed to endogenise the mode of transfer decision.

O Thisis quite surprising since Vernon’s initial work on the product cyélé attempted to explain
direct foreign investment as a consequence of a global monopolist locating production facilities
around the world in order to maximise global profit.
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abroad. Within this theory, three conditions are necessary for direct foreign invest-

ment to occur.

(1) The firm must possess an ownership advantage relative to firms of other -
countries. This ownership advantage usually takes the form of possession of some
intangible asset which 1s specific to the firm; for example, marketing skills or techno-

logical knowledge.

(2) Given (1), it must be more beneficial for the firm to internalise this advantage .
by direct foreign investment rather than sell it through arm’s length contracts to

independent firms. -

(3) Asstming (1) and (2) are satisfied, it must be more profitable for the firm
to utilise its advantage by producing at least some of its output in a foreign country
rather than at home (location advantage); otherwise, all production would occur at

home and the world market would be served by exports.

The monopolist owner of a new technology possesses an ownership advantage.
If the foreign country has no locatioﬁ Ad\}antage, then all production will be done at
home and the world market will be served by exports. If the foreign country does
have a locational advantage, then the monopolist must decide whether the technology
will be transferred by a license or via a w:holly owned subsidiary. This last decision

depends on whether there is an advantage in internalisation.

Hirsch (1976) analysed the foreign investment decision ‘in a mannerb partially
consistent with the Eclectic Theory. He posited the existence of a firm-specific
intangible asset that gave the firm an ownership advantage.® He then considefed
(1) differences in production costs between countries, (2) differences in the control

costs of firms between' countries, and (3) export marketing costs. These together-

6 This advantage may only be temporary, because other firms can devote resources to R&D,
advertising, and management skills. ‘Eventually, this may erode the initial advantage.
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give the net locational advantage, and determine whether direct foreign investment
or exports are chosen to exploit the ownership advantage. Hirsch did not address
the internalisation issue, so his model only partially fits into the framework of the

Eclectic Theory.

Two recent papers which incorporate firm séeciﬁc intangible assets into a general
equilibrium theory of the multinational firm also fail to explicitly model internalisa-
tion. Markusen (1984) developed a monopoly model in which firm-specific intangible
assets such as R&D, advertising,marketing, and distribution could be used in more
than one plant at no extra cost. By aséuming that factor intensity effects dominate
increasing return effects, the latter being caused by the firm—specific intangible asset,
Markusen was able to model a monopolist that produces output in more than one

country. However, internalisation is not modelled, it being assumed

“that independent firms have at best an imperfect ability to transfer intan-

gibles among themselves”. [Markusen (1984 p.207)]

Helpman (1984) and Helpman and Krugman (1985) develop a general equilib-
rium theory of the multinational firm in which one sector is monopolistically compet-
i‘@ive. Unlike Markusen, who explains horizontal integration, Helpman and Krugman

explain vertical integration.7

Once  again firm-specific fixed costs play a vital role
in conferring an ownership advantage. Vertical integration occurs across countries,
because (1) plant specific fixed costs guarantee that some varieties of the monopo-
listically competitive good are produced in each country and (2) firm—specific assets

can be produced in one country, but used in another at zero cost. As in Markusen

and Hirsch, internalisation is not explicitly modelled, but is assumed to be supe-

7 Horizontal integration is the acquisition of multiple plants by a single firm, where each plant
produces an identical product. Vertical integration is the acquisition of plants by a single firm,
where one plant produces an input into the production process of another plant.
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rior to arm’s length contramcts..8 This is unsatisfactory especially when one considers
that arm’s length contracts are potentially more profitable to the owner of intangible

assets, because of the usual advantage a native entrepreneur enjoys

“over a foreign rival from his geneml’accumulaiion of knowledge about eco-
nomic, social, legal and cultural conditions in his home market and country”,

[Caves (1971), p.5].

Both Caves (1971) and Dunning’(1979) emphasise that intangible.ow'nership
~advantages are not easily transferred by arm’s l.ength contract. This provides some
offset to the advantage possessed by local entrepreneurs.® This paper .is spéciﬁcally
concerned with ownership advantages that arise from new technical knowledge. This
knowledge is not easily transferred by arm’s length contract (licensing), because like
any other transfer of information it is subject to Arrow’s Paradox of Information
[Arrow (1962)}.10 Namely, for the owner of the new technology (information) to
extract all the rent from the foreign firm (the licensee) it is necessary to reveal all
details of the technology to the potential licensee. However, if this is done, there is
no need for the licensee to purchase the technology, for the licensee already has all
the relevant information. 'Th_erefore, when transferring téchnology by arm’s lengfh
contract the licensor can not reveal all ofv the technical k.nowledge_. Also, the licensee
“must be wary of false claims made by the licensor concerning the technology. ThlS

works against the use of arm’s length contracts when technology is transferred.

8 Helpman and Krugman provide some justiﬁcation for this assumption by reférring to the
work of Klein, Crawford and Alchian (1978) in which the existence of specialised assets allows
opportunistic individuals to appropriate quasi rents ex post. Through internalisation the owner
of the specialised asset 1s able to approprnate all the quasi rent. ‘ ‘

9 In a recent paper, Horstman and Markusen (1987)' exphcitly consider the choice between
licensing and direct foreign investment. Rather than modelling the intangible ownership-
advantage as technological knowledge they assume it to be a firm’s reputation for quality of
output. Asymmetric information about output quality works against the choice of licensing;
the offset is not the natural advantage of local entrepreneurs, but economies of scope.

10 This argument is outlined in Caves (1982).
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Ethier (1986) developed a general equilibrium model of the multinational firm
in which internalisation was explicitly modelled and R&D was endogenous. In his
model monopolistically competitive firms undertook three activities; (1) R&D to lower
production costs, (2) upstream production which determined product quality, and (3)
downstream producti‘on i the form of a non-traded ‘activvi_ty (possibly marketing
and distribution). An information asymmetry arose, because only the owner of
the new technology knew whether the R&D was successful in lowering the cost of
production. Using this framework, Ethier derived the conditions under which arm’s
length contracts gave identical profits to those achieved by a multinational firm.
This analysis is not directly applicable to the study of technology transfer, for it
1s physical inputs that are being traded between upstreafn and downstream firms,
not technology.!! Nevertheless, in the model developed in Section 3 below R&D is

endogenised and an information asymmetry is modelled in a similar manner to Ethier.

This liter«iittire survey suggests that a ‘model of technology transfer needs to be
developed in which a monopolist owner of a new technology maximises global profit
by transferring technology abroad. The new technology should arise endogenously;
the result of R&D undertaken by a mondpolist in order to maximise expected proﬁt.
Also, the mode of technology transfer should be.‘endoge‘nous and:detern]jned by the
interaction of an information asymmetry with the natural advaﬁtage possessed by
native entrepreneurs. This model can then be used to analyse the welfare and policy |
implicatiéns of technology transfer from the point of view of th¢ transferfing and
transfer receiving countries. In the sections that fbllow such a model is built, and the

welfare and policy implications that arise from it are examined.

11 Ethier has modelled vertical integration rather than horizontal integration.
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CHAPTER III
The Model

Overview

It is assumed thét a firm has discovered a new productb, produced with a new
technology, that gives the firm rﬁonopoly power in the world market. Before beginning
production or t.rénsferring the fechnology abroad, this monopolist can undertake R&D
expenditufes in order t.o reduce production costs. Therefore, the object;ve of the
monopolist is to choose R&D, the mode of technology transfer, and the allocation of

_global p;oduction to maximise profit. In this decision process it is natural to assume
that the R&D decision occurs before the choice of the m;)de of technology transfer
and that bof,h these decisions are made prior to the final choice of production levels

at home and abroad. The structure of the decision process is as follows.

In the ﬁrst stage the monopolist chooses R&D expenditure. At the time of
this choice the monopolist is uncertain about the result of this R&D, but it does
know that é’ithér a high or low cost technology will occur. The probability of the
low cost technology occurring is increased by greater R&D expenditures. Once the
R&D expenditures are made, the technology type is immediately revealed to the

monopolist.

In the second stage the monopolist chooses the mode of technology transfer to
maximise global profit knowing whether the technology is high or low cost. The three
modes of transfer considered are; (1) exporting the final good, (2) production abroad
in a wholly owned subsidiary, and (3) licensing of a foreign producer.! Locational

advantages determine if production occurs solely at home, with exports being the

» éu&" )
1 A broad definition of technology transfer is used, which includes the export of goods, because
this allows foreigners access to the fruits of the new technology.
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mode of transfer, or whether some production occurs abroad. If the monopolist
decides to undertake some production abroad, then internalisation issues determine
whether this is achieved through a wholly owned subsidiary or licensing. It is assumed

that a fixed cost, k, is associated with subsidiary production.

This fixed cost 1s included to capture the cost disadvantage faced by a subsidiary
relative to a licensee. A subsidiary of a multi-national firm operates across national,
cultural, social, and legal boundaries. This puts the subsidiary at a cost disad#antage
relative to a licensee, fo‘r‘the licensee accumulates knowledge about the local envi-
ronment. as part of its‘general education. The sub'sidiary can obtain this knowledge,
but only at a cost, and it is this cost which is captured by k.2 It is also assumed
_that an asymmetry of information exists between the owner of the technology and
potentiai iicensees. Specifically, in this second stage, the owner of the technology
knows ‘whethé; the technology is high cost or low cost while potential licensees only

have subjective probability, p*, that the technology is low cost.

To simplify the exposition of.the second stage, 1t 1s initially assumed that p* is
e.xogencn.wiy.given. though when the first stage is considered in detail this assumption
is relaxed. The interaction of k with the information asymmetry determines whether
foreign produétion is undertaken by a wholly owned subsidiary i(internalised), or

undertaken by a licensee.

" In the third stage market shares for the home and foreign producer as well as
transfer payments from subsidiaries or licensees are chosen to maximise the global

profit of the monopolist, given technology type and given the mode of technology

2 1t could be argued that the multi-national firm could avoid the fixed cost, k, by taking over
the potential licensee and making the previous owner of the licensee the manager of the new
subsidiary. However, changing the status of the previous owner from. residual claimant to
manager can distort the manager’s incentives sufficiently to make common ownership harmful
[Grossman and Hart (1986)]. The cost of this factor can be interpreted as the fixed cost, k.
Alternatively, k may be interpreted as the cost associated with the possibility of expropriation

by t-he foreign government. o
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transfer.

As 1s typical of multi-stage maximisation problems, the monopolist’s problem is
solved backwards. First, Stage 3 is solved for market shares and transfer payments,
this is done for each possible mode of technology transfer chosen in Stage 2 and for
each possible technology type arising from the R&D decision in Stage 1. Next, Stage 2
is solved for the mode of technology transfer, this is doﬁe for each possible technology
type arising from Stage 1. Finally, Stage 1 is.solved for R&D expenditure. This set

up guarantees that optimal choices are made after the completion of each stage.

The model outlined above concerns a one-off transfer of technology, where the
only factor mitigating against licensing is the information asymmetry.® This is done
to highlight the effect the information asymmetry has on the mode of transfer and the

extent of technological change. Given this agenda, a static model seems appropriate.*

In ordér to solve the monopolist’s problem it is first necessary to make some

assumptions-abont cost and demand conditions.

Cost and Demand Conditions

Relative cost conditions determine locational advantage, and so whether any
production occurs abroad. For simplicity it is assumed that there are only two
countries in the world where profitable production can take place.® It is further

assumed that one of these countries is the home country of the owner of the new

3 Other factors which mitigate against licensing are implicitly assumed away; for example, 1t 1s
implicitly assumed that the technology can be written down so it can be easily packaged and

sold.

Technology transfers often involve long term relationships between the transferor and the
transferee in which the transferor continues to transfer new technological improvements as
they are discovered [Caves (1982) p200-201]. Under these circumstances, a dynamic repu-
tation model along the lines of Grossman (1981) and Horstman and Markusen (1987) seems
appropriate. This is an area of future research. - :

In other countries the marginal cost of the first unit of output is assumed to be greater than
marginal revenue at the global profit maximising level of output.
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product/technology.

The home firm’s cost function is given by ci(qi), v = H,L; where H and L
signify the high and low cost technologies respectively and ¢* is output. Foreign
variables are represented by an asterisk, so the foreign firm'’s cost function is given by
c™*(¢™). It is assumed that dc*/dg* > 0 and that d?¢*/(dg*)? > 0, so marginal cost is ‘
positive énd increases with output. The foreign firm’s cost function is also assumed to
be characterised by increasing marginal cost. The assumption of increasing marginal
cost generates the possibility of production occurring at home and abroad when global

profits are maximised.%

The relationship between the high cost and low cost cost function is assumed to
~ be the fdlIanixlg
. "

| _ ‘
cL(qi) —:’; -¢'(q"), wherey>1. (3.1)

Demand conditions are represented by a world demand curve given by Qg = f(p),
where p is the world price, Qg is the world quantity demanded, and fl(p) < 0. The
world inverse demand curve is given by p = f}(Q4). Consumers in all countries are

assumed to have identical individual demand curves,
3.1 Stage Three

In Stage 3 market shares for the home and foreign produceér as well as transfer
-payments for the subsidiary or licensee are chosen to maximise the global profit of
the monopolist, given technology type and given the mode of technology transfer.
The three modes of transfer considered are (1) the export of goods, (2) subsidiary

production, and (3) a license agreement. It is assumed that the incentive structure of

- e

6 A recent paper by Horstmann and Markusen (1987) also makes this assumption regarding
increasing marginal cost. This i1s also done to generate production at home and abroad. In
Appendix 1 a model is presented in which the production function is characterised by constant
returns to scale, yet the firm’s cost function exhibits increasing marginal cost.
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the firm (be it the monopoly owner of the new technology, the subsidiary, the licensor,
or the licensee) is such that the new technology can be kept within the firm. That is,
within the firm, individuals who gain access to the new technological knowledge have

no incentive to defect outside of the firm and sell the technology in the marketplace.

The Transfer of Technology via the Export of Goods

The home firm chooses output to maximise profit, given the world inverse demand
curve {a market share of one) and given its cost function. Let Q}( be the quantity of
output that maximises this profit and let IQIS‘ be maximised profit, where X denotes

‘exporfs.

The Transfer Of Technology Via A Wholly Owned Subsidiary

The subé’i'diary problem is usually solved by allowing the monopolist to choose
ontput levels at. home and abroad in order to maximise global profit, given the world
irverse demand curve and given the cost functions in each country.” Let the output
levels that solve this problem be given by qg and (j? Rather than proceed by solving
for (jfs and q’;, a different formulation of the problem is used which allows a more

direct comparison of the export, subsidiary, and license options.

In this different formulation the objective of the monopolist is to choose a
market share for the home and foreign production facilities and a lump sum transfer
payment from the subsidiary to the home facility in order to maximise global profit.
With this formulation, the export option can be thought of as choosing a market
share of one for the home production facility and a transfef pa‘ymenﬂ of zero. The

license option can be thought of as choosing a market share for the licensor (and

7 The subsidiary problem is just the traditional multi-plant monopolist problem extended so
that each plant is located in a different country. In this problem, production is allocated so
that marginal cost is equated at home and abroad [Scherer et al. (1975)].

L b
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the foreign licensee) and a license payment ‘that the foreign licensee must pay to the
licensor. These interpretations allow a direct comparison of the export, subsidiary,
~and licensévoptions, and also provide a rationale for the non traditional formulation
of the subsidiary problem. This is especially so as the license contracts considered
under the next heading are characterised by a market share restriction and a lump

sum license payment.

~ The structure of the decision process in Stage Three is as follows. In the first
sub-stage the monopolist chooses the market share and the lump sum payment to
maximise global profit. In the second sub-stage output levels are determined at home
and é.fbméd “.co maximise pfoﬁt, given the market share arising from sub--stage one.

.Once again this problem is solved backwards.

Let the home firm’s share of the total world demand curve be given by a, where

o (O,L} '.'l,’l‘lcbd'ema,nd curve faced by the home firm is therefore given by ¢4 = af(p).

demand ¢urve faced by the home firm.

In the second sub-stage of the problem the home firm and the subsidiary take
the market share as given and choose output to maximise profit. The home firm’s

problem is . :
max {Hi(qi, o) = p(qi/a) gt — ci(qi)}, 1=H,L - (3.2)
g - :
with first and second order conditions respectively given by
oI dp dc*

1y iy %C
- O¢* - d(q*/ o) ot +p(q'/a) - dgt 0 . (3.3)

and ’ .

31T d*p 1 dp 1 d2

‘ —. g2 — 0. 3.4)
(00)’ ~ (dlgije)’ @@ 1 dlgt/a) o (dg))? .

Assume that the second order condition for a maximum is satisfied, and let the argmax.

of (3.2) be given by ¢*(a). Substituting this argmax into the objective function yields
Lo
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home firm maximised profit as a function solely of a; namely, IT*(«). Solving a similar

problem for the subsidiary yields IT*(«).

In the first sub—stage of the problem the monopolist chooses o and the sub-
sidiary’s lump sum payment, P, to maximise global profit subject to the constraint
that the payment P is less than or equal to the subsidiary’s profit net of k. This

problem is written as follows
' max {TIY(P,a) = II'(a) + P} (3.5)
subject to:
" I*(a) -k~ P >0, (3.6)

- where § denotes technology transfer via a subsidiary. As constraint (3.6) always
binds it can be substituted into the objective function. The first order condition for

a maximum then becomes

dlly,  dll'(a)  dII%(a)
—— o - - - - 0 N 3 . 7
do da + do ’ (3.7)

or

dIT%. d; 1. dp* 1
S . P 7 a))2+ — P _ . .2
dlg*/(1 —a)) (1 -a)

doe ~ " d(gija) o? ("

(¢*(a))’ =0 (38)

using the envelope theorem. The second order condition for a maximum is

Iy P (a) P (a)

= < 0. ' (3.9
(@a)? = (daf ' (day (39)
In Appendix 2 it is shown that ’ _
o dzﬂz(a) o )
—= < 0 3.10
| (da? B
for a strictly concave revenue function and a strictly convex cost function. By
symmetiy |
: ™ ()
—_— < 0. 3.11
(de)? < (3.11)
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It is assumed that (3.10) and (3.11) are satisfied, so the second order condition for a
maximum is also satisfied. Let the solution to (3.8) be given by o', This market share
maximises global profit for the monopolist. Let II* represent maximised profit of the
home firm and let (ﬁ“‘ — k) be maximised profit for the subsidiary after subtracting k.
Given bindinglconstraint (3.6), this latter term equals the lump sum payment made
by the subsidiary. Let this be denoted byP’ An explicit solution for o' in terms of
" the outputs that maximise global profit is given by
o = ——qi_ (3.12)
s T ds
__..PROPOSITION 3.1: 'If the market share for the home firm'is chosen so that (3.12)
‘hblds, then ;llowing the home firm and the subsidiary to mazimise profit with respect
to ,f;hf:ir-'_owﬁ demand curves duplicates the solution obtained when outputs m‘ve"chose*n.

to marimise giobal profit.

PROOF: See Appendix 3.

This proposition establishes that the market share formulation of the subsidiary
problem results in ou‘tput levels and global profits which are identical to those ob-

tained in the traditional formulation.

The solution to the monopolist’s subsidiary problem can be illustrated diagra-

matically. Total differentiation of the objective function gives

so that along a global iso-profit curve
P _ _dll'{e) . ' (3.14)
dg - da
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The objective of the monopolist is to choose P and o so that it attains the highest
global iso-profit curve subject to IT*(a) — k > P.

Assuming a strictly concave revenue function and a strictly convex cost function,

1t is shown in Appendix 2 that

dITY(a) : 4?11 () -
Ta >0 and (da)? < 0. _ - (3.15)

Therefore, TI*(a) is a strictly concave function of a. As a result, global iso-profit

curves are convex, so

P <0 d il >0
da an (da)?

Now TI*(a) — k is strictly concave in (1 — a), so the constraint set is a convex set.

.(3.16)

From (37) and (3.14) global profit maximisation occurs when

dlI*(e)  dIl'(a) _ .‘if | (3.17)

and the solution for &' and P* is characterised in Figure 1 by the tangency of Hi*(a)—'-k
with the global iso-prbﬁt curve represented by I*(«). The global profit associated with
Ii(a:) is the maximum attainable giveﬁ the convex constraint set (the area bounded
by (II**(a) - k), =k, and a = 1). Global isd—proﬁt curves that are further from the

origin represent higher levels of global profit.

The Transfer Of Technology Via A License Agreement

The sole concern of this thesis is with ut'ra,nsfers of technology which suffer from
what Arrow (1962) called “The Paradoz Of Information”. Specifically, for the ownef .
of the technology (informatioﬁ) to extract all the rent from the potentiél licensee it is
necessary to reveal all aspects of the technology to the licensee. However, if this is done
there is no longer any need for the licensee to ptlfchase the te_chﬁology, for the licensee

" .
already has all the relevant information. An internationally enforceable patent system
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would overcome this problem. Nevertheless, because of imitation there are many
technologies for which national patent protection is difficult, so that international
patent protection is virtually impossible.® A further complication arises from the
patenting process, for the patent itself provides information about the technology
which may be used by potential licensees ét zero cost. In fact, Mansfield and
Romeo (1980) argue that imitation usually occurs via reverse\éngineering and patent
information is often important in this process. in these cases it is in the interest of

the monopolist to keep details of the technology secret.?

This information exchange problem has led many researchers to argue that
new technological knowledge will never be licénsed, but rather it will be transferred

'_,internally'\}]::zia wholly owned subsidiary. For example,

“Knowledge.,...is a commodity the characteristics of which are unknown to
the buyer. Consequently knowledge will be costly to exchange in the market

‘and.....1s more efficiently transferred within firms,” [Hennart (1982)],
or similarly, the asymmetry of information causes

“Proprietors of information to abstain from licensing and ezploit the infor-

-8
“Multinational enterprises are among the most obvious beneficiaries of strong patent and
trademark laws. But most multinational enterprises are realistic enough to know that in the
conditions of modern society patent rights offer only uncertain protection anywhere, and
. practically no protection at all in developing countries,” [Vernon (1977), p.167].

Levin (1986) on reviewing empirical research, argues that it is

“clear that patents rarely confer perfect appropriability. Many patents can be “nvented
-around’” ' :

9 In a theoretical paper Horstman, MacDonald, and Slivinski (1985) dévelop a model in which
information is not always patented, and as an extension find that

“tf patenting directly reveals information that raises profits for the competitor, the equilib-

rium propensity to patent is reduced. This seems to be what is meant by ‘trade secrecy’.

See also Kahn (1962, 318-319.)
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mation themselves through foreign direct investment,” [Casson (1979)].

In this section it is demonstrated that in the presence of an asymmetry of
information it is still possible for the monopolist to profitably transfer technology
abroad via a license agreement. This follows because of the existence of the fixed

cost, k, which is associated with subsidiary production.1?

The monopoli‘st"s problem is to design a mechanism to maximise its global profit
through the international transfer of technology, given that it knows whether the
'technology is low cost or high cost, but given that potential licensees only have some
subjective i)robabi]ity, p*, that the technology 1s low cost. This' problem is thus an
“informed principal problem” [Myerson (1983,1985)] with the monopolist owner of
the new teéhnology being the informed principal.ll Before solving this problem the

following assumptions are made.

Assumptions

(1) The new technology is licensed monopolistically to a foreign firm.12

- 10 Without this fixed cost it is true that the information asymmetry causes technology to always
be transferred internally, via a subsidiary.

A1 1 this problem it 1s natural to have the owner of the technology choosing the mechanism,

because it possesses monopoly power while potential licensees possess no monopoly power.
12 This assumption can be justified by introducing a plant specific fixed cost, F. In the presence
of this fixed cost first best global monopoly profit may still require production in two locations,
because marginal cost is assumed to increase with output. For production to occur at home

and abroad the following condition must be satisfied
ot 4+ 1% -2F >4 - F : o (3.18)

Clearly only one plant will be established at home and only one will be established abroad.
Extra plants do not increase (It + ﬁL‘), but they do increase total fixed cost. Therefore,
technology is licensed to a single foreign firm. A similar set up was used by Markusen (1984),
where plant specific fixed costs interacted with endowments to generate production in single
plants at home and abroad. In the model that follows the fixed cost, F, is not explicitly
considered. This fixed cost changes the analysis of Stage 2 (the choice of mode of transfer)
though in a trivial manner. ' '

25




(2) License contracts contain two elements. The first is a market share for the

13

licensor of a.*® The second 1s a lump sum payment of | which the licensee pays the

licensor in order to obtain the mew technology.

A market share restriction is included in the license contract for Aa number of
reasons. Firs.tly, it eliminates competition betweén the licensor and the licensee
by giving each monopoly power over a certain segment of the world market. This
increases the pdtential payoff to the licensor as monopoly profit is known to exceed
the sum of two firm’s non cooperative duopoly profits.!4 Competition between the
licensor and the licensee could also have been eliminated by the licensor specifying

output levels for itself and the licensee. However, violations of such an agreement

would be hard to objectively verify, because creative accounting techniques, by either

party, could easily hide true output levels. This observation leads to the second reason
for including a market share restriction in the license contract; namely, so violations
of the aéreérhcnt. can be easily and objectively identified. By dividing the world
market beiween the licensor and the licensee on a country by country basis, import
and export documentation can reveal when either party is violating the market share
restriction. A typical contract may restrict the licensee to sell only in its own country,
or in its global region (e.g. Europe or S.E.Asia). Dividing i;he world market in this
manner implies that « i1s not a continuous variable. Howe:ver, in the analysis that
follows it is assumed that « can take on any value between zero and one. As there
are many countries in the world and as these countries have varying market size,
the assumption that « is a continuous variable seems quite reasonéble to the author.

Thirdly, by assuming a market share restriction, the analysis of the licensor’s problem

13 This implies a market share for the licensee of (1 — «).

14 A license contract is written between two firms and can specify very narrowly the conditions

under which the licensee can use the new technology. Therefore, a license contract provides far

- more protection to the monopolist owner of a new technolgy than a patent, because a patent
“1s a general restriction on technology use between the owner and all potential users.
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1s greatly simplified, so the effect of the information asymmetry is brought into sharp
relief. In Section 7 below the licensor’s problem is analysed when a market share
restriction 1s not included in the license contract. Fourthly, Iﬁarket share restrictions
are common in practice. Caves, Crookwell and Killing (1983), using survey data,
found that 34% of license agreements contained a market share restriction of this
form. The survey of licensees covered companies operating in Canada and the United
Kingdom. For licensees located in Less Developed Countries the percentage of license
-agreements containing a rﬁarket share restriction is much larger, for example, during
1970, in India 43% of agreements contained a market shar-e restriction while in Chile

the figure was 93%.1°

A lump étlln license payment is included in the contract rather than a per unit
royalty for two reasons. Firstly, monitoring of the licensee’s output, by the licensor,
1s assumed to be prohibitively costl'y.mv Secondly, using a lump sum payment greaﬂy
éimp]iﬁes the analy-sis' of the licensor’s problem. In Section 6 below the licensor’s

problem is analysed when a per unit royalty is included in the license contract.

(3) Arbitrage between the market of the licensor and the licensee is costly, and its
per unit cost is g}reater than any price differential that may exist between the markets.
This assumption is necessary, because the license contract may require the licensor to
have a market share which is greater than the share that maximises first best global
monopoly profit. In this case, the price in the market sérved by the licensor is greater

‘than the price in the market served by the licensee.l” The market share restriction
guarantees that the licensee can not sell in th.e higher priced market, but nothing in

the model stops a third party from buying the product in the licensee’s market and

15_ These figures were obtained from Casson (1979), p. 21.
16 This assumption was also made by Katz and Shapiro (1985).

17 This price differential does not arise through price discrimination, because all consumers are
assumed to have identical demand curves. Rather it results from the convexity of the cost
function. See Appendix 4. [

H
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selling it in the licensor’s mafket. If this is allowed, the licensee’s effective market
share increases, while that of the licensor decreases. Arbitrage would continue until
the price in. each market was equé,l and the effective market shares were at their
first best global proﬁ‘t maximising level. This ,»impliee that only the first best global
profit maximising market shares can be used to solve the monopolist’s problem. To
overcome this difficulty costly arbitrage is assumed. A justification for costly arbitrage
might be found in different product service costs for the arbitrager and the licensor,

or in the existence of firm-specific warranties.

(4) License contracts can not be renegotiated after the technology has been trans-
ferred. That is, ex post renegotiation of license contracts is assumed away. This
‘assumption is often made in adverse selectlon models, where ex post renegotlatlon
is ruled out by assuming that agents commit themselves to the initial terms of the -
contract even if ex post both parties are worse off by doing so [Harris and Townsend
(1985)} 18 Thls 15 partlcularly unsatisfactory, for if a Pareto 1mprovement can be
achieved by renegotlatlon then renegotiation should be allowed. Firms can make
eomnmments, but they can not commit to not renegotiate [Dewatripont (1988)].
Therefore, the assumption that ex post renegotiation of contracts is not allowed re-
quires some justification which is provided by assuming that renegotiation is pro-

hibitively costly.1?

'18 The assumption of no-ex post renegotiation is implicit in Cooper (1984), Maskin and Riley
(1984), and Weymark (1986). In fact, a general principle that has emerged from the adverse
selection literature is that the self selection constraints cause distortions for all but one agent
type.

In the monopoly problem (Cooper and Maskm and Riley) this distortion is manifested as an
inequality between the marginal rate of substitution of the consumer and the firm. In the
optimal income tax problem it is manifested as an inequality between the margmal ‘rate of
transformation in the economy and the marginal rate of substitution of the consumer/worker.
Once the agent picks from the schedule of offers she reveals her type, and ex post renegotiation
allows a Pareto improvement precisely because of the ex ante divergence between marginal
rates of substitution. Therefore, no ex post renegotiation is an implicit assumption in models
that are characterised by divergence in ex ante marginal rates of substitution.

19 1 Appendix 5 these renegotiation costs.are made explicit. Also, the implications of allowing ex
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(5) The licensee’s subjective probability that the low cost technology has occurred,

p*, s identical for all potential licensees and known by the licensor.

(6) Both the licensor and the potential licensees are risk neutral, so they mazimise

expected profit.

(7) There ezist many potential licensees, and bidding for license contracts is

competitive. This ensures zero expected profit for the licensee.

(8) The technology type is unable to be objectibely verified. If it could be objec-
tively verified, then the information asymmetry could be overcome through the use

of a contract which guaranteed technology of a certain type.

E (9) The first best global profit mazimising share with the low cost technology is
“identical to the global profit mazimising market share with-the high cost technology.
That is, & = &%20 This assumptidn simplifies the analysis; nevertheless, it is

relaxed in a later section of this thesis.

Derivation Of The Optimal License Contract

To provide a point of reference, the licensor’s problem is first solved under
conditions of complete information. The licensor chooses (o, 1') to maximise profit .

subject to the constraint that the license payment must be less than or equal to the .

post renegotiation of license contracts are analysed. This Appendix is best read after finishing
“Section 3.1.

If the cost functions at home and abroad are identical, then &¥ = &% = (1/2). Using -
the monopsony model developed in Appendix 1, the cost functions at home and abroad are
identical if each country has an identical endowment of the specific factor, K, as well as
- ide_:nticé.] endowments of the monopsonised factor, LS. When the endowments of the specific
anid monopsonised factors are not identical, at home and abroad, the relationship between &
and &¥ depends on the particular functional forms chosen. The relationship also depends on
the particular model used to generate convex cost functions. It is not my intention to rely on
any particular model or functional forms, but to keep the analysis at a more general level by
assuming convex cost functions and assuming relationships between &% and &¥. In Appendix
6 the relationship between &% and &;H 1s examined for some specific functional forms. '

20
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licensee’s profit. This first best problem is written as follows
max {I(a',l’) ='(a")+ ' ;i=H, L} (3.19)
ot It _

subject to:

™ (a') > I, (3.20)

and is essentially the same as that faced by the monopolist when transferring tech-

nology via a subsidiary except now k = 0.

Competitive bidding for the license contract ensures that constraint (3.20) always
binds; therefore, this constraint can be substituted into (3.19). Solving this problem
for o* gives a’ as the licensor’s market share, wheré this market sha.re' is identical to
that of the home production facility in the subsidiary problem. Let the licensor’s first
best maximised profit be given by H’(a’) + ZA’, where ' = ﬂ’*(az)

HZH)

) and (dL,iL

The solutions (& ) are illustrated in Figure 2. In this diagram
point E represents the first best solution if the high cost technology has occurred.
-The global profit associated with global iso profit curve ]({1 1s the maximum feasible,
given the convex constraint set (the area bounded by I#*(a), 0, and 1) Similarly,
point F represents the first best solution if the low cost technology had occurred. The
global profit associated with I({J is the maximum feasible, given the convex constraint
set (the area bounded by .HL*(a), 0, and 1.) For all ¢, the absolute value of the siope
‘of IT¥*(a) and IT is greéter that the absolute value of the slope of II#*(a) and I7:

This result is proved in Appendix 9.

Figure 2 also makes it clear that in the pfesence of an information asymmetfy
the first best outcome is not implementable. If the high cost technology occﬁrs, the
licensor obtains more profit if it offers the contract (&f, ZL) than if 1t offeré (dH, lH),
because I (the global iso-profit curve associated with contract (dL,ZL) given that

the high cost technology has occurred) represehts a higher global iso—profit curve than
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Ig{.21 Since the licensee has some positive probability that the technology type is

high cost, the licensee makes a loss in expected value terms if it accepts the licensor’s
L ZL)

contract offer of (& . Therefore, the licensee refuses such a contract offer. That

1s, the first best is not implementable.

To solve the licensor’s problem under conditions of incomplete information the

Revelation Principle is invoked.

The Revelation Principle

The Revelation Principle states that

“any equiltbrium allocation of any mechanism can be achieved by a truthful,

direct mechanism,” [Harris and Townsend (1985), p.384].22

To show that this is true for the liceﬁsor’s problem assume that the licensor has
designed an indirect game (mechanism), played between ‘Lhé licensor and the licensee,
which has an equilibrium that yields the licensor maximum profit. Let the strategies
available to.the licensee be given by (z1,z2,....z,) and let the strategies available to
the licensor be given by (¥1,Y2.¥3, Y4, -..ym). Also, let the outcome of each party
playing a particular strategy be a license contract (a,!). This indirect mechanism is

llustrated in Table 1.

A Bayesian Equilibrium of this mechanism is a set of strategies for the licensor
and the licensee which depend on their type such that the expected profit of the
Tlicensee is greater than or equal to zero. By construction the licensee has only one
type while the licensor can be a high cost or low cost technology transferor. The

licensee has éubjective probability; p*, that the licensor has a low cost technology to

21 For all a, I involves a larger license payment, I, than I, so I¥ yields more global profit
than 1. '

22 For other statements and uses of the, Revelation Pri‘nciple see Myerson (1979, 1982,. 1983).
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transfer.

Let the Bayesian Equilibrium of this game be characterised by the following

strategies

o(H) = ys, U(L):yé, and ¢ = 24 | (3.21)

where o(z), ¢ = H, L denotes the equilibrium strategy of the licensor, and ¢ denotes
the equilibrium strategy of the licensee. This equilibrium is identical to the equi-
librium of the direct mechanism shown in Table 2 in which the licensor truthfully

announces technology type.

The Revelation Principle greatly simplifies the licensor’s problem as it allows
the search for a mechanism which maximises the licensor’s profit, to be restricted
to truthful, direct mechanisms. On applying the Revelation ‘Principle the licensor’s
‘problem can be written as a maximisation problem, where (aH, %) and (ol lL) are
chosen to maxiniisé profit subject to certain self selection (truth telling). constraints,
and where an announcement by the licensor concerning technology type determines

which contract is used.?3

Two general‘solutions to the licensor’'s problem are possible. The first 1s a
separating solution in which a different contract arises for each technology type and
the contract used is contingent on the truthful announcement of technology type by
the licensor. In practice one does not observe contracts between li.censees and licensors

which are contingent on the announcement of a technology type by the licensor.24

23 1In this licensor-licensee problem, where the licensor could be one of two possible types, but
the licensee is only one type, use of a direct mechanism does not add extra equilibria to those
that are truthful. For cases in which extra equilibria are added see Repullo (1986).

24 1n Appendix 7 it is shown that contingent contracts of this form are characterised by " >

A" (af). Therefore, if the high cost technology occurs, the licensee is guaranteed of making
a loss if it pays ¥ for the technology. In such cases the licensee will renege on the contingent
contract unless of course the contingent contract can be enforced through the legal system.
One might surmise that the lack of such enforcement is why contingent contracts are not seen
in practise. ' : ‘

Wi
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Rather, a contract is offered by the licensor and it is accepted -or rejected by the
licensee. With this set up, in a separating solution the licensor announces itsA_ type

through the contract offered, and feasibility requires
P < II™(ab). (3.22)

As (3.22) would also be a requirement for feasibility in any indirect game the Reve-

lation Principle is still applicable.2?

The second solution is a pooling solution in which the same contract 1s offered
regardless of technology type. This solution does not require that (3.22) be satisfied, .

because the contract offered by the licensor does not reveal the technology type.26

In the separating solution and the pooling solution only one contract is ever |
offered. Nevertheless, the licensee knows whether it is being offered the pooling
solution or a contract from the separating solution, because it knows all the details of
the licensor’s problem (except technology type) and so can calculate the eiact form

of the three possible contract offers.

The Sepamting Solution

Assume that the high cost technology has occurred. In a séparating equi-
librium the licensor: announces its type through the contract offered; therefore,
< HH*(QH). Given this constraint, the license contract which maximises global
profit is given by

(aF 1 = i+ (aH)). | (3.23)

25 This.can be seen by referring to the indirect mechanism in Table 1. If the Bayesian Equilibrium
of this mechanism is a separating equilibrium, then the contracts (af, I*) must satisfy (3.22) to
be feasible. This equilibrium can be achieved by a direct, truthful mechanism similar to that
in Table 2. That is, the Revelation Principle still applies.

26 1n Appendix 7 the licensing decision is analysed when contingent contracts are allowed. In
this case it is shown that a pooling solution is never optimal, because it 1s always dominated
by the separating solution-
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If contract (3.23) is offered to the licensee, the licensee accepts the offer, because
regardless of technology type the licensee’s profit is greater than or equal to zero.
This is seen from Figure 2, where point E yields zero profit if the high cost technology
has occurred and positive profit if the low cost technology has occurred.

Now assume that the low cost technology has occurred. Using Figure 2 1t was

shown above that the global profit maximising contract, given by (&%, i), was not
implementable. To obtain the license contract which maximises global profit and is

also implementable, the following problem is solved.

Problem 1:°

max {II(L) = T*(a®) + 1} | (3.24)
subject to: ,
&%) + fo > H’“(aL) 2 (3.25)
néal)y+1F >ulfaty + 4 (3.26)
n* ety > 1+ (3.27)

(3.24) repre;sents the objective function which is maximised by choice of (¥, I£).
- Constraint (3.25) ensures that the contract that solves Problem 1 is only offered when
the low cost technology has actually occurred.?” HHL(aL) represents maximised
home firm profit if the high cost fechnology occurred, but the licensor offers a’ in

the license contract. II7L(al) is defined as follows

. HHL(QL) — p(qHL(OLL)/aL) _qHL(aLV) __ CH(qHL('aL)), (3.28)

27 The contract (&%, %) does not satisfy this constraint, because ¥ (a#) = - (a") while
Mt : ‘ '
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where qHL(aL) 1s the argmax of the following problem

' HL HL, L H H;, HL .
max {II"* = p(¢"t/at) - ¢t — cH (")}, - (3.29)
q
In words, qHL(aL) maximises profit of the home firm, given its market share is o

and given the high cost technology has occurred.

Constraint (3.26) ensures that the contract that solves Problem 1 yields more
profit than contract (dH,ZH). If this constraint was not satisfied, then the licensor
would offer contract (&#,(#) when the low cost technology occurs. TEH(aH) is
defined in a similar manner to HHL(aL).' Constraints (3.25) and (3.26) are known in,

the literature as self selection constraints.

Finally, constraint (3.27) is needed for the licensee to participate and accept
the contract offer. This requires the license payment to be less than or equal to the

licensee’s profit.

The solution to Problem 1 is shown in Figure 3, and is represented by the license
contract
(af, 15, (3.30)

where a¥ > &% and IF = T5*(al) < iL. 1n Figure 3 points E and F represent the

first best solutions. Given (&

, lH), self selection constraint (3.25) is represented by .
I({{. To be feasible (af, ZL) must; lie on or below this line. For example, the (aL,‘lL)
combination associated with point G satisfies (3.25), because, given the high cost
technology has occurred, point G is on a lower global iso—profit curve than point:E.
Constraint .(3.27) is represented by I1%*(a). To be feasible (aL,lL) must lie on or
L Ly

below this line. In order to satisfy constraints (3.25) and (3.27) («a must lie on

or below the ine YEFBG].

Given the low cost technology has occurred and given Y EBG1, the global profit

associated with global iso-profit curve I} is the maximum attainable and is achieved
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Figure 3
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with contract (&t lL) at point B.28 At this solution constraints (3.25) and (3.27)
bind; however, constraint (3.26) does not bind, because point E is on a lower global

iso-profit curve than point B.

Combining (3.23) and (3.30) yields the following separating solution
@&H,H) 5 (a@h ). (331)

If the high cost technology occurs, then license contract (& A ) is offered. If the

low cost technology occurs, then hcense contract (&%, 1) is oﬁered 29

The infuition for mechanism (3.31) is as follows. If the high cost technology
occurs, the licensor is able to obtain first best global_ monopoly profit, because
the licensee is prepared to accept contract (&%, 4 ) regardless of technology type.
However, if the low cost technology occurs, then first best global monopoly profit
1s not a.ttamab]e because the licensee only accepts the contract offer if it is certain
that the low cost technology has occurred. To convince the licensee that the low cost
technology has occurred, the licensor distorts its contra,ct offer away -from the first
best solution. Given the assumptions of the model, this involves a contract offer of

(af,1Y). The information asymmetry imposes a cost on the licensor which is given

by the difference between global profit with contract (&7, ZL) and contract (&%, l-L).

28 This follows because daL > daH for all «. The result that ‘mL > dn for all o 1s known in the

literature ‘as the single crossing property. A strength of the model developed in this section
1s that the single crossing property, quasi-linearity of the monopolist’s objective function,

and convexity of the monopolist’s upper level sets arise from standard assumptions regarding.
revenue and cost functions. In other papers these conditions are imposed [Cooper (1984),
Hayes (1984), and Maskin and Riley (1984)]. '

"Any feasible separating solution other than (3. 31) yields less profit to the licensor in each
technological state. For example, in Figure 3 the separating solutlon g '

29

(«f,5) ; @) (3.32)

satisfies all the part1c1pat10n and self selection constraints; however (af,lf) yields less profit
than (AH AH) and (cx1 E) yields less profit than (at, IL)
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In Figure 3 this cost is represented by. the vertical distance between global iso-profit

curves Ié: and I{’.BO

In the separating solution, the licensee’s subjective probability, p*, does not
influence the design of the optimal separating mechanism. This is not so in the

pooling solution.

The Pooling Solution

In the pooling solution the same contract is offered regardless of technology type,

SO

H =k = and ol =al = a. (3.33)

As a result, the contract offer does not reveal which technology type has occurred. In

turn, this 1rnphes that the licensee Wlll participate and accept the contract offer only
if ‘

1< p* - I (a) + (1 = p*) - TP *(a). (3.34)

Assume the low cost technology has occurred. The licensor’s problem 1s

Problem 2:

Cmax {I(L) = IT¥(a) + 1} (3.35)

a,
subject to:

& = p* T (a) + (1 - p*) - TTH*(a) > L. (3.36)

30 14 many adverse selection models (e.g. Cooper (1984) and Maskin and Riley (1984)) private .
information has value and its holder is rewarded for this information. However, in the model of
technology transfer developed above, the existence of private information imposes a cost on the
holder of this information. These two results can be reconciled once it is realised that in most
adverse selection models the agent possesses the private information wlnle in the technology
transfer model the principal possesses the private information.
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At the solution to this problem (3.36) always binds; otherwise, it would be possible
to increase | while continuing to satisfy (3.36), yet increase the value of the objec-
tive function. Substituting binding constraint (3.36) into the objective function of

Problem 2 yields the following problem
max {I(L) = 1¥(a) + p* - T (a) + (1 = o) - " (a)}. (3.37)

The first order condition for a maximum is

dit SN | AT ) L
%———(l—p)- da e da (3.38)
which is solved for &¥. The second order condition for a maximum is
dZHL dZHH* dZHL* '
1—p") ——— +p*- 0 3.39
dop T Ty M Tay Bk
which is satisfied for all a. Now, at &%
dnt . (1 ") ) R 11 O (3.40
do P T P da ’ 40)
because :
dIT~ N drt (3.41)
da do '
and
ant  dnt (3.42)
d‘aL T dal )

Together, (3.40) and (3.39) imply that &% > &%.

In Figure 4 the area below /() represents constraint (3.36). The licensor tries to
get on the highest global iso—profit curve, given the low cost technology has occurred
and given constraint (3.36). This occurs at point H with global iso-profit curve 14[’.

The solution to (3.38) is, therefore, given by the license contract

(at, b, ) o (3.43)
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where

o+ al) < it < 18 (ah). (3.44)

Unlike the separating solution, in the pobling solution the licensee participates |
in mechanism (3.43) even though the license payment is greater than the licensee’s
profit when the high cost technc;logy has occurred. This follows, because at the time
the lump sum payment is made the licensee is uncertain of the technology type in
the pooling solution While the licensee knows the technology type in the separating

solution.

If the high cost technology had occurred a different pooling solution would arise.

. The licensor’s problem would be

Problem 2a:

max {Il(H) = M (a) + p* -TIE* (@) + (1 - p*) - TH*(a). (3.45)

In effect the licensor tries to get on the highest global iso~profit curve, given the high
cost technology has occurred and given l(a) = p* - TI¥*(a) 4 (1 — p*) - TT*(a). The
solution to this problem occurs at point N in Figure 4, and is given by the following
mechanism

(& 7). (3.46)
At this solution, &% < &¥ and 7*(af) < [¥.

The above analysis suggests that the licensor’s offér of mechanism (3.43) or (3.46)
depends on the technology type that actually occurs. However, this is not the case.
If the licensor offers mechanism (3.46), thé licensee must infer that the high cost
technology has occurred; otherwise, mechanism (3.43) would have been offered. But

if the licensee infers that the high cost technology has occurred it will not participate
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Figure 4
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in mechanism (3.46), because [T7*(&) < I#. Therefore, mechanism (3.46) is never

offered in practice.

On the\ other hand, if the licensor offers mechanism (3.43), the licensee may infer _
that the low cost technology has oécurred, or the licensee may leave its subjective -
probability of the low cost technology occurring unchanged. In .either case, the licensee
.pa.rticipates in the mechanism, because IT¥* (&%) > ¥ and I* = p*-fIL*-(dL).—{—(l —p*)-
TI#*(&). Using the terminology of Myerson (1983), mechanisnr (3.43) is a pooling
core mechanism, it being the only pooling mechanism that is incentive compatible in
practice, given the inferences that the licens\ee may make about the technology type
from the licensor’s optimal mechanism offer. Therefore, the pooling solution involves
L jL) ‘

" a license contract offer of (& regardless of the technology type that actually

occurs.

We have seen that two general solutions to the licensor’s problem exist; namely, a
separating solution and a pooling solution. What determines which solution is chosen

by the licensor?

PROPOSITION 3.2: Let pr be the critical p* at which the licensor is indifferent
between the pooling or the separating solution. For p* > p% the pooling solution is

chosen whale for p* < p; the sepamtiﬁg solution s chosen.

"PROOF: IT¥* is a convex combination of IT%*(a) and HH*(a) with weights being
respectively given by p* and (1 — p*). Therefore, there exists. some 0 < pr < 1 which
‘gives a pooling solution that yields the licensor identical profit in the low cost state to
the profit obtained ‘in' the separating solution. In Figure 4 the licensee’s particip’atioﬁ
,consfraint that is associated with p* is given by I1Z*. The pooling solution associated
with p? 1s replresented by point Z. Let the probability p* > pzl be such that point H in

Figure 4 represents the pooling solution. In this case the pooling solution (mechanism
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'(3.43) ) will be chosen, because the licensor makes more profit in both states compargd
to the separating solution. Now consider a p* < p so that the pooling solution is
given by point J in Figure 4. In this case if the pooling solution is offered by the
licensor, then the licensee infers that the high cost technology has occurred, because
if the low cost technology had occurred the licensor would be better off with the
separating solution gi';/en by point B. However, if the licensee infers that the high
cost technology has occurred, then the mechanism assoéiated with point J is not a
core mechanism, because the licensee will not participate in this mechanism as the
license payment is greater than the licensee’s profit. Therefore, with this smaller p* '

the separating solution must be chosen by the licensor. (Q.E.D.)

" The separating solution is what Myerson (1983) termed a safe mechanism. A safe
mechanism is one in which the licensee participates even if it knows the technology
type. In fact, with p* being such that the separating solution is chosen by the licensor,
the separating solution 1s undominated (for the pooling solution yields more profit
if the high cost technology occurs, but less if the low ‘cost technology occurs) and is

what Myerson (1983) termed a strong solution.
3.2 Stage Two

In Stage Two the monopolist chooses the mode of technology transfer to max-
imise global profit, giVén technology type. If the low cost technology has occurred,

this choice is made by comparing

H§( '(ﬂi(aL)JrﬁL*(aL)—@), (ﬁL(aL)HL),A (ﬁL('aL)JrZL). - (3.47)

If the high._costb technology occurred

~

ﬁff, (&) + &)y — k), (I + 1Y), (f@eh)+1E)  (348)
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are compared with the proviso that (ﬂH(dL)+iL) only be considered if (I:IL_(dL)—HVL)
yields the most profit of the choices in (3.47). This proviso is necessary, because if
license contract (&%,IF) does not yield the most profit of the choices in (3.47), then
L, ZL)

on seeing (& the licensee will infer that the high cost technology has occurred.

In this case, (dL; IL) is not feasible.
PROPOSITION 3.3: If first best global profit mazimisation involves output being
produced at home and abroad (I:I’X < I + ﬁi*), then the monopolist never transfers

technology via the ezport of goods,‘ because this option is dominated by licensing.

PROOF: In the separating solution the licensor obtains IT# + IT#* if the iligh cost
technology occurs and e + 1l if t-he'iow coét technology occurs. By assumption
Hg < 11# + 114+ 1t is also true .that fI}L( < ok 411t as production is allocated more
efficiently bétween countries when licensing with a separating solution is chosen by
the monopolist as the mode of technology transfer rather than the export of goods.
This follows because marginal cost 1s increasing in output at home and abroad and
tlie divergence marginal cost at home and abroad is less under the separating solution,

where 0 < al < 1, than under exports, where a =1 or 0.

As licensing with the separating mechanism is always an option available to the
monopolist, a profit maximising monopolist never chooses exports as the optimal

mode of technology transfer. (QED)

PROPOSITION 3.4: The high cost technology is always licensed. The contract is

given by (at, ZL) if the p_ooling.solution s optimal and (af, iH) otherwise.

PROOF: If p* is such that the pooling‘s;oluti(‘)n i1s chosen by the licensor, then in
Figure 4 the pooling solution must lie above 13‘,’;, but below TTI*(a). This implies that
(I (&r) + ) > (ﬂH + fIH*). Therefore, the high cost technology is licensed with
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contract (al,if).

If p* is such that the separating solution is chosen by the licensor and the high
cost technology has occurred, then mechanism (3.31) requires contract (&%, [f1). This
contract yields the licensor total profit of (IT¥ (&%) +ﬁH*(dH)) which is greater than

the profit obtained from subsidiary production.

If p* is such that
(I8 + %) < (T1F 4 115 — k), | | (3.49)

~and if » ,
(T8 + T8y < (T12 + 112 — &), o (3.50)

then the low cost technology (if it occurs) is transferred via subsidiary. Under these
circumstances, if the high cost technology occurs, then it i1s transferred via license

with a contract offer of

n

(&, 1) | (3.51)

This contract is accepted by the licensee, for regardless of technology type it yields

the licensee profits which are greater than or equal to zero. (Q.E.D.)

PROPOSITION 3.5: The likelihood of the low cost technology being transferred by
license rather than subsidiary increases, ceteris paribus, (1) the gredter is k and (2)

for p* > p* the greater is p*.

PROOF: (1) The low cost technology is licensed rather than transferred by subsidiary

when

nfeh) + i >t + o -k, (3.52)
or

nt@aty + 1 >t + it — k.  (3.53)
Clearly, conditions (3.52) and (3.53) are more likely to be satisfied the ldrger is k.
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(2) Proposition 3.2 established that fhe pooling solution was optimal for p* > p?. For
p* > p} the higher is p* the greater is (II*(a&%) + IL), because the constraint locus
I() shifts further from the origin. For a given k, the larger is (IE(al) + %) the
more likely will condition (3.52) be satisfied. (Q.E.D.)

Apart from £k and p*, v is another parameter of the model which may affect the
: likelihood of licensing‘the low cost technology. For the moment assume that p* is
such that the separating solution yields more profit to the licénsor than the pooling
solution. If -

mr 4+ % — k> 0t 4+ 1, (3.54)

then a subsidiary will be chosen as the mode of technology transfer. Therefore, given
k, if the difference ((HL —+ ﬁL*) — (TT1% + ZL)) increases with increases in -, then
subsidiary production is more likely. On the Ao‘tvher hand, if this difference decreases
with increases in -, then licensing is more likely. As a result, when v is increased the
sign of

(3.55)

d((IE + 1L+ — (% + )
dy -

gives an indication of whether the likelihood of licensing increases or decreases with

increases in . If (3.55) is > 0, then subsidiary production is more likely. If (3.55) is

< 0, then licensing is more likely.

In Appendix 10 it is shown that maximised profit is a function of vy and a(y)
when 7 is explicitly considered in the monopolist’s subsidiary and licensing problems

of Stage Three. It is also shown that

'd((ﬁL + 1k — (It +15)
' dry ¥

(3.56)
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where Al is the Lagrange multiplier attached to constraint (3.27) in Problem 1. This

constraint is rewritten here for convenience, I1¥*(at) > 12,

The first and second terms on the right hand side of (3.56) are the direct
cost saving associated with the change in 7 if respectively a subsidiary and license
agreement were used to transfer technology. The second term is made up of the
direct cost saving on the licensor’s home production plus a fraction of the direct cost,
saving on the licensee’s production. Th.is fraction is given by AL which represents.
the marginal increase in the maximised value of (IIZ + I) when constraint (3.27) is
relaxed by a small amount.?! Appendix 10 demonstrates that 0 < AL <l Therefore,.
the sign of (3.55) depends on the relative size of the first ahkd second terms on the
right hand side of (3.56). |

, ‘ SL FLey (mL 7L
PROPOSITION 3.6: Given cb(q) = 1 - ¢ (q), the sign of ‘AT A )

3
ambiguous as it depends on the initial value of 7.
PROOF: To establish this proposition 1t 1s only necessary to consider a specific

example. Let the world inverse demand curve be given by

p=50—-C0Q so that p:50—g—. (3.57)

: o
. : . 2 2
Let cH(q) = ¢ and c#*(g*) = ¢*?, so that ctq) = % - ¢? and c*(g*) = %q* .
- Solving the monopolist’s subsidiary and licensing problems for different values of
v yields Table 3. The high cost techndlogy is represented by v = 1. Table 3
demonstrates that as 5 is increased the equilibrium value of & also increases. This

would be expected from an examinination of Figure 3.

31 The process by which (IIY 4 1*) is increased when constraint (3.27) is relaxed is as follows.
Relaxation of constraint (3.27) allows &L to be increased. In turn, this increases IIZ, but also
increases ¥ L. This latter increase Tequires a fall in IZ, for self selection constraint (3.25) to
be satisfied. In turn, this allows a further increase in @’ as (3.27) no longer holds. A% is the
marginal increase in (¥ + [*) which results from the above process when (3.27) is relaxed by
a small amount. '
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The row of immediate interest is row 16 which gives the sign of (3.55). For small
<, this shows that an increase in v makes subsidiary production more likely while for

large 7, an increase in 4 makes licensing more likely. (Q.E.D.)32

The intuition for this result is as follows. Comparing rows 3 and 4 to row 1 es-

tablishes that total output is less under licensing than under subsidiary production.33

Yet total cost is greate; under licensing than subsidiary pfoductfon from réws 7 and
8. Therefore, in this example the inefficient allocation of production between home
and abro@d that occurs‘under licensing (&’ > éL) increases total cost to such an ex-
tent that total cost under liéensing is greater than under subsidiary production. This
is so even though more output is produced under subsidiary production than under
licensing. At first sight the potential for cost savings under licensing seem larger than .
those under subsidiary production for all v. However, under licensing all the cost

saving of the licensee does not add to the license payment only AL of it does. This

follows because self selection constraint (3.25) must be satisfied.

In Appendix 10 it 1s shown that

omt  amHL oM+ amHI |
L _
5 - <3aL ~ Bal >/<_ dal  dal > (3.58)

L

where the derivatives are calculated at @“. In Table 3, for small +, the calculated
value of A\* is small, therefore, A - €* is small and (3.55) is > 0. For large v (e.g.

v = 8), e > éF 4 ¢*, so regardless of e&* (3.55) is < 0.3%

32 The sign of (3.55) may also depend on the other parameters in the model. However, for my

purposes, concentrating on v is sufficient as it reveals the ambiguity in the sign of (3.55).
33

- 34

This is true for all convex cost functions for which ch(q) > 0. For a proof see Appendix 11.
on* 1200 it _gn*- enHt

) pogab dal al gal
81" is significantly greater than Therefore, AY is small. However, as

Sal
em* _ amME en-*
v becomes large although (aaL — Barf dal

This implies that A¥ — 1..

For small v, at aZ, ( )"is small while ( ) is relatively large. This

=201
EELaN L
) becomes large, —gg,, and —

follows because —

move closer together.
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Table 3

, _
\Ll 1.2 1.5 2 4 8

1| d-qu | 83| 88| 94| 10 [ 111]| 118

2| at 64 | 685 | .714 | 745 | .757
3 q" 104 | 11,7 | 13.1] 157 ]| 17.3
al qv 69| 65| 63| 60| 59
s| ot | 906 922 | 865 | 61.8 | 37.4
6l ¢ | - | 396|282 196] 9 4.4
7| che 130.6 | 120.5|106.1 | 70.8 | 41.7

ALA. .
8| cic¥ 1388 |120.7 ‘1172 | 100 | 61.7 | 346

9| n* 260.9 | 203.9] 328.8] 392.5| 432.3

ol ¥ | 173 | 162.7] 156.4] 149.8] 147.4

11 o 433.9 | 456.6 | 485.2 | 542.3| 579.7
Y _

12| n%n"|416.7 | 441.2 |468.7 | 500 |s55.6 | 588.2
AL Al ] . 1

13| _"L'igv 73| 121 148 133 | 85
I+

14] A" 243 A77 83
L L-1d

15/ c+act 100.3 95.85 41.1
L

16 él;—xL.CL. 29-4 4.1 '6.5

AL ’

17| n% (3125 | 340 | 375 | 417.5] 500 | 555
L) T y _

18] T+ 11042 }100.3 | 93.7 | 833 | 55.6 | 32.7
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The ambiguity regarding the sign of (3.55) can be seen directly from Table 3 by
examining row 13. For small v, the difference between subsidiary and license profits
1s relatlvely small. Initially, as «y increases this difference increases, but as v becomes

relatively large the dlﬂerence begins to fall. Th]S follows because of the spec1ﬁcat10n

of the technology difference.

An increase in 7y has two effects; (1) g and ¢* diverge further from their first best
levels (§ = ¢*) and (2) the low cost technology’s marginal cbst curve becomes flatter.
The first effect tends to increase the difference between (T + 11£*) and (1L + TL),
because, given a’, an increase in y under licensing causes production to Bé allocated
more inefﬁcienﬂy between hofne and abroad. The second effect tends to decrease
the difference between (I1% + 1) and (I* + 1), because the cost of the inefficient
‘aimllocatio.n of world production is reduced as a result of the flatter marginal cost curve
reducmg the dlvergence between marginal cost at home and abroad. For small v, the
first effect dominates the second, so increases in -y increase the hkehhood of technology
transfer via subsidiary. On the other hand, for large 7, the second effect dominates
the first, s0 increases in v increase the likelihood of technology transfer via license.
Therefore, without klldwledge of the level of v it 1s not possible to sign (3.55) when

the technology difference is given by c*(q) = % - cf(q).3%

The above analysié concerning the relationship between the size of v and the
likeiihbod of licensing was carried on under the assumption that the separating -
solution was optimal for the licensor. However, the choice between licensing under
© the-pooling or separating solution may itself depend on the size of the technology
difference. Given p*, Figure 5 suggests that for large 4 the separating solution is

more likely to be the optimal choice of the licensor. For a relatively small technology

35 1y Appendix 12 a model is outlined in which the technology difference takes a different form.
In this model the greater is the techno]ogy difference the more likely is technology transferred
via subsidiary.
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difference represented by (I1¥*(a)g), the pooling solution given by.point H yields
more profit than the separating solution given by point B. For a larger technology
difference represented by (IT£*(«);), the pooling solution given by point Q yields less

profit than the separating solution given by point N.

This result has also been obtained in numerical examples. The intuition for
this result is that as v gets large the separating solution yields profit which is very
close to the first best level. On the other hand, the pooling solution yields a license
payment which is only a weighted average of the licensee’s high and low cost profits.
Therefore, for large v, the separating solution is more likely to be the optimal choice
of the licensor. A mathematical proof of this hypothesis has not been derived though

Figure 5 strongly suggests that the result is true, ceteris paribus.

To date it has been assumed that & = &#. Now consider the case where

& > al > off 36

PROPOSITION 3.7: If & > a* > &¥, then both the high cost and low cost
technologies are licensed and the licensor obtains first best global monopoly profit with

each technology.

PROOF: Consider Figure 6. @’ is obtained from the intersection of IF and HL*(a).

Initially assume that there ié complete information. If the high cost technolo.gyv
occurred, the mqnopolist would maximise profit by licensing with contract (&H, iH)

If the low cost technology occurred, the licensor would maximise profit by 'licensing

with contract (&%, iL) |

Now consider the case of asymmetric information. If the high cost technology

occurred, the licensor makes more profit from contract (&% ") than from contract

36 Clearly there are many other cases which could be considered. However, this seems to be the
most interesting. » : L
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(dL, ZL), because I({{ is further from the origin than IlH. Therefore, if the high cost
technology occurs, then contract (&%, iH) is offered by the licensor and accepted by
the licensee. This allows the licensor to make first best (complete information) global

monopoly profit. A similar argument applies if the low cost technology occurred.

(Q.E.D.)

Empirical Support

The model developed above is a formal model with specific testable hypotheses
regarding the choice between modes of technology transfer. However, it is difficult
to use the large amount of empirical work previuosly directed to technology transfer,
because it was not undertaken with the above model in mind. Therefore, the foHowing

discussion must be viewed with caution.

Davidson and McFetridge (1984, p.259) found for the U.S. that the international
transfer of technology via subsidiary was more likely to Canada than Western Europe
and more likely to Western Europe than the rest of the world. A similar finding was
also obtained by Kravis and Lipsey (1982, p.205). As the natural advantage possessed
by Canadian entrepreneurs over U.S. entrepréneurs is likely to be small, these results
prdvide some support for Proposition 3.5 which implied that the:s.rnaller was k the
more likely was technology transfer via subsidiary. Davidson and McFetridge (p.259)
provide further support for Proposition 3.5 by finding that if a multinational already
has an afhliate in the receiving country, then it is more likely that transfer will occur
. via a subsidiary. Presumably, with an existing afhiliate knowledge of local institutions
is quite extensive in which case k£ would be very small. Caves, Crookwell, and Killing
(1983, p.261-262) found that most license agreements occurred between firms in
different nations rather than between firms in the same nation. Their justification

for this result was that there was. less of a threat of future coinpetition from a
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foreign producer comp@red to a domestic producer. However, another ﬁoésibilty 1s
that for transfers between nations k is larger than for transfers within nations. The
exi;te11ce of an alternative hypothesis which is also supported by the data highlights
the inadequacy of ad hoc hypothesis formulation. The model outlined above also
A suggests that the technologles transferred via subsidiary are low cost, unless k£ = 0.

However, existing empirical findings are not_able to confirm this.

Another empirical f:mding that gains much support is that newer technologies
are more likely to be transferred internally (via a subsidiary) while older technolo-
gi.es are more likely to be transferred via’a'vlicense. This was found by Davidson and
McFetridge (p..259)4 and also by Mansfield and Romeo (1980, p.738-739). The model
developed above is a static model in which new technologies are transferred as soon
as they are obtained. However, amending the model by allowing the foreign country’s"
cost curve to move down over time (maybe because of endowment changes) in such a
way that production abroad becomes profitable allows a possible expla,nation, of this
finding. If the technology is not immediately transferred abroad via subsidiary or
'lice.nse, then potential licensees have time in which to obtain information about the
true technology type. Thus, over time, p* approaches zero or one. If p* approaches
zero, then p* < p7 and the technology is transferred via license as é high cost tech-
nology. I p* approaches one, then p* > p* and the pooling solution is chosen. Once
again the technology is again transferred via>license. Therefore, if older technologies
are associated with subjective probabilities, p*, that are close to zero o.r:ZFOne, then- ‘
Propositions 3.4 and 3.5 suggest that these technologies are always transferred via

license.

Davidson and McFetridge (p.259) also found that more radical technologies were
more likely to be transferred 1nternally In a survey article’ Cheng (1984, p. le) also

observed from his reading of the emplrlcal literature that
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“Very profitable technologies were mostly reserved for subsidiaries, whereas
marginal or older technologies (more than 5 years after commercialisation)

were often made available to foreign firms via license.”

More radical or very profitable can be interpreted as low cost technologies. This
finding provides support for Proposition 3.4 which established that high cost tech-
nologies (marginal or not radical) are always licensed while low cost technologies may

be transferred via a subsidiary.

More radical or very profitable could also be interpreted as referring to technolo-
gies in which v was large. With this iﬁterpretation, the erﬁpirica] finding implies that
the larger is v the more likely is technology transferred via subsidiary. As Proposition
. 3.6 established an ambiguous link between the size of v and the likelihood of licensing,
the émpirical-ﬁnding supports the theoretical modél only if"y, although large, 1s not

. (LTl )— (LI
so large that (s d?y( i )) <037

Finally, bearing on the next section in which R&D is endogenous; Mansﬁeld,
Romeo, and Wagner (1980, p.51-52) found that when the 30 firms in their sample
were asked by how much their R&D expellditure would fall if they were not able to
transfer téchnology abroad via subsidiary or license, the reply was on. average 'between
15% and 25%. As this was an average, some ﬁrmé would have cut their R&D by more
whil¢ others wduld have cut R&D by less. What is of interest is what determines by
how much R&D is cut if it is cut at all. This requires a formal model of technology

~ transfer in which R&D is endogeﬁous.

In conclusion 1t must be re~emphasised that existing empirical evidence provides
only weak support for the propositions established in this section, because existing

empirical work has not attempted to test specific formal models regarding interna-

37 1¢ the -plant location model outlined in Appendix 12 was used, then this model would be
consistent with the empirical result, because Proposition A.12.1 established that the likelihood
of licensing decreases as v increases. :
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‘tional fechno'logy transfer. This does not mean that the model developed in this
section 1s not a good description of technology transfer in the face of asymmetric
information, but only that existing empirical evidence was not obtained in order to

explicitly test this model.

The analysis of Stage Two has demonstrated conditions under which technology
transfer occurs via a license agreement in the presence of an information asymmetry.
This is an improvement on the traditional approach to technology transfer which
assumes, because of the “Paradox of Inforniati'on” that technology 1s tra.nsferred via
a wholly owned subsidiary. The role played by the fixed cost, %, is crucial in allowing

licensing to occur.

Before analysing Stage One of the monopolist’s problem, it must be pointed
out that in many situations the monopolist’s problem only consists of Stage Two
and Stage Three. This occurs if the R&D stage Was completed in the past when
transferring technology abroad was unprofitable, but due to changing circumstances,
it is profitable now.3® In this situation, the monopolist’s problem is only a two stage

*

problem, and the subjective probability, p*, is exogenously given. This is precisely

the circumstance under which Propositions 3.2-3.7 were derived.

However, this thesis is chiefly concerned with those circumstances in which
the amount of R&D undertaken is determined by explicitly considering' how the
technology is to be transferred internationally. It will be seen that under these

circumstances p* may be endogenously determined.
3.3 Stage One

In Stage One the monopolist undertakes R&D to lower .its production costs.

38 These changing circumstances may be changes in endowments which allow 'pr_oﬁtable.produc— v
tion abroad. - : . '

/
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The result of this R&D is uncertain though it is known that either a high or low cost
technology results. The probability of the low cost téchnology occurring is increased
by'greatervR&D_ expenditure. Given this information, the mon'opolist chooses R&D

to maximise its expected profit.

Let p(R) be the probability of the low cost technology occurring if R units of
R&D are done, where p'(R) > 0 and p"(R) < 0.3% For the moment, continue to

assume that p* is exogenously given.40

p* EXOGENOUS
The monopolist’s problem in Stage One is

Problem 3:

max {I1f = p(R)- =T + (1 - p(R)) -7H - wR}, (3.59)

where 7'=total profit of the monopolist in state i and w is the unit cost of R&D. This
1s a general formulation which at present does not distinguish between the differing

modes of technology transfer. The first order condition for this problem is

which reduces to
w

p'(R) = m (3.61)

39 The hlgh cost technology can be thought of as the technology associated with the new product
at ‘the time of 1ts discovery.

40 p* is the licensee’s subjective probability, at the time of transfer, that the low cost technology

has occurred. p(R)-is the licensor’s subjective probability that the low cost technology will
occur at the end of Stage One and is a function of the amount of R&D undertaken in Stage
One. - '
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when p* is exogenous, as 7 and 7 depend only on exogenous given parameters, not

R. The second order condition for a maximum is satisfied, because of the concavity

of p(R).

It is assumed that an interior solution exists. Solving (3.61) for the optimal R,

substituting into (3.61), and totally differentiating yields
p"(R)dR = — Cd(nt - 2T, (3.62)

Rearranging (3.62) gives

d(7rL — 7rH) = —(’n’L _ 7I'H)2 ) pu(R) >0 (363)

from the concavity of p(R). In words, the greater is the difference between the

monopolist’s total profits in each state the greater is the amount of R&D undertaken.

At this point, it seems appropriate to clearly set out the decision process of
_the méndpolist on a tree diagram. This 1s done in Figure 7. In Stage One the
monopolist chooses R&D.to maximise expected profit, as in (3.59), looking forward
to the result of Stage Two and Stage Three. For example, assume in Stage Three that
(f[L + I~ — k) 1s the largest of the payoffs if the low cost technology occurs while
(fIH + I15*) is the largest of the payoffs if the high cost ‘c_-echnology occurs.4l Stage
Two thus results in the low cost technology being transferred via subsidiary and the
high cost technology being transferred via license. In Stage One R&D expenditure |
1s determined by substituting (HL + I1i — k) for L and (fIH + HH*) forb a8 in
(3.61). In Stage Two and Stage Three the licensor knows the technology type, but

the licensee does not.

‘Although the R&D stage occurs before Stages 2 and 3, the choice of mode

of transfer and the choice of (a,l”or P) are independent of the amount of R&D

41 (H + iL) can only be achieved if (IT* + iL) is the largest of the payoffs associated with the
low cost technology. ' '
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undertaken in Stage 1. This independence arises from the uncertainty surrounding
the outcome of R&D expenditures. In particular, all that 1s known before the
R&D is undertaken is that ;L high or low cost technology will result with some
probability dependent on R. When the monopolist transfers the technology it knows
_the technology type, but this type did not arise in a determiniétic manner ffom the
R&D expenditure. Therefore, the mode of transfer and (o, 1 or P) ‘do not depend
on R, but rather depend on technology type. Referring once again to Figure 7, the
dollar values of the eight terminal nodes do nvotdepend on R, and so neither does the

mode of transfer.

On the other hand, the amount of R&D undertaken in Stage 1 does; depend
" on the anticipated outcome of Stages 2 and 3, because the monopolist is forward
" looking. - In turn, the outcome of Stages 2 and 3 depends on the parameters of the
revenue and cost functions. From (3.38), the optimal pooling solution under licensing
depends not only on the .parameters of the revenue and 'cost‘, functions, buf also on
the exogenously given p*. This is not the case for technology transfer via the>export

of goods, subsidiary production, or licensing in a sepérating equilibrium.

In the pooling solution the effect of changes in p* on &* is obtained by totally

differentiating first order condition (3.38). This gives

dZHL d2HL* ) dZHH*
—_— L —p")y. —— ) . d
((da)?“’ (dayz 177 <da>2> .

dL* Hx*
+< nit 4o >‘dp*:0.

(3.64)

da da
The first bracketed term in (3.64) is second order condition (3.39) which is less than

zero. The second bracketed term is also less than zero.%2 Togéther,' these results
" 1mply that | '
dat
<0. . (3.65)
~dp* - |

42 The proof of this result is shown in Appendix 9. v
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The intuition for this result is that as p* is increased the mondpolist can move (a,!)

closer to the first best level associated with the low cost technology. This is so even

if the high cost technology has occurred.43

Given p* and given the pooling solution

wh = (T (ah(00) + 1) = (7 (65(e)) + 7).

Substituting (3.66) into (3.61) and totally differentiating yields
‘ p"(R) . (ﬂL(dL(p*)) _ ﬁH(dL(p*))) . dR

ditl  qi# N\  dat
dp*

dR

dp* = 0.

ot (R (T (ak(pr)) — T (&E(p)) )

Now

p'(R) > 0,

0" (R) <0,
dal
dp*

R
dal  dal

and
It > nf,
SO .
" dR
dp*

< 0.

43
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&% is bounded from below by &% when p* =1, and bounded from above by an «a less than &~.

(3.66)

(3.67)

(3.68)

(3.69)
(3.70)

(3.71)

(372
(3.73)

(3.74)
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That is, as p* is increased, (vt — 7f) falls. From (3.63) this implies that R&D

expénditure falls.
p* ENDOGENOUS

To date it has been assumed that p* is exogenously given. This assumption 1s
how relaxed so that p* becomes an endogenous variable. This endogeneity is obtained
by assuming that the licensee (1) knows the function p(R) and (2) can observe R.44

Therefore,

p* = p(R) = p*(R). " (3.75)

As mentioned above, the only final nodes of Figure 7 that are influenced by p* are
the two associated with the pooling solution. Therefore, only those nodes are affected
when p* becomes endogenous. The monopolist’s Stage Three pooling problem is now

written as

Problem 2:

max {II(L) = T5(a) + p"(R) - TT() + (1 = *(R)) - TF(a)},  (376)

where

e, R) = p*(R)- HL*(a) + (1 - p*(R)) -HH*(a) ‘ : , (377)

1s the state independenﬁ license payment.®> The first order condition for this problem

is
dii(L) d4nt dITL . dIr» :
= R)- — p*(R)) - = 0. 3.78
- da‘ﬂ'( ) +(} p*(R)) G (3.78)

44 p might be observable, because the licensee can observe (1) the size of the R&D department of
the monopolist, or (2) accounting reports of the monopolist which specify R&D expenditure.

45 'This is just Problem 2, of Stage Three above, with the subjective probability being a function
of R. See (3.37). ‘
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The second order condition for a maximum is A
dZHL dZHH* dZHL* .
—_ 1 —p*(R)) —— (R)- ——= <0 3.79
(da)2 + ( p ( )) (da)2 +p ( ) (da)2 < | ( )
which 1s satisfied for all a. Solving (3.78) gives
aL(R). | (3.80)

Substituting (3.80) into (3.78) and totally differentiating yields
(dZHL 42114+ d2HH*> L

+p*(R)- - dé

(da) (@ay T ) oy
o (3.81)
. dHL* dHH* .
+p(R)-<da — da)-dR_O.
Rearranging (3.81) _givés
dé L * R d HH‘
da” 0" (R). ) <o, (3.82)

drR ~ (5.0.0.(3.79))

' Therefore, the greater is the amount of R&D undertaken the smaller is &*. However,
as long as p*(R) < 1 it is also true that al > &l . This latter statement is clear from

Figure 4.

By assumption p* is a function of R and from (3.80) above the market share in
the pooling equilibrium is also a function of R. Therefore, the dollar values of the
nodes in Figure 7 which are associated with the‘pooling. solution are also functions
of R. T0> calculate the values of these nodes the licensor so_lves Problem 3’ for the

L

optimal value of R, where p, p*, &%, and T are all functions of R.

Problem 3

‘mlg,x (mf = p(R)(ﬁL(dL(R)):%iL) + (1= p(R)) - (1% (a(R)) + 1) —wR

= p(R)- T (a"(R)) + (1 — p(R)) - 117 (&*(R))
+"(R)- T (& (R)) + (1 - p*(R)) - 1" (a¥(R)) — wR}.
| (3.83)
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Assuming that p(R) = p*(R) the first order condition for this problem is

dIT®

—m = P(R)- (IF = 117) 4 p'(R) - (17 - 117")

ditt  Jrite | ditf Jrifx dal
+ (”(R)' (@f* dTL> + (1 p(R)- <ddL t At ) 4R

—w = 0.

(3.84)
The second order condition for a maximum: is

dZHE

TR = (R (1 4 1) - (1 4 )

2R (@i |t < d” dﬁH*) da’

: /7 PTIE J21Il L POE gfEe Sl

- (p(R)' ((ddL)Z ! (ddL)2> o) ((alc'zﬂ)2 ! (ddL)2>> 4R
dﬁL dﬁL*‘ . dﬁH deH* dzdL

(3.85)

< 0.

Unfortunately, 1t is not clear that the S.0.C. for a maximum is satisfied.46 However,
it 1s assumed that w and the function p(R) are such that an interior solution exists
and the second order condition for a maximum is satisfied. Let the solution of (3.84)

be given by R. This implies a license contract of
(a*(R), ZL(aL(R))) | (3.86)

in Stage Three and hence dollar values for the nodes associated with the pooling
solution in Figure 7. Given these dollar values, the mode of technology transfer can

be chosen for each technology type, and the amount of R&D undertaken in Stage 1

46 The_ﬁrst‘ term of (3.85) is negative, the second term has ambiguous sign, the third term is
positive, and the last term has ambiguous sign. ' '
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follows directly from (3.61) if the mode chosen is subsidiary production or licensing
with a separating equilibrium while the amount of R&D undertaken follows from |

(3.84) if the mode chosen is licensing with a pooling equilibrium.

In the pooling sé]ﬁtion compared to the situation in which the licensee could nét
observe R, when the licensee can observe R more R&D is undertaken by the licensor.
This follows from F.O.C. (3.84) and S.0.C. (3.85). Substituting (3.66) into (3.61),
and comparing this to (3.84) reveals that (3.84) involves t§vo extra terms- which have
positive sign‘.47 Therefore, at the solution of (3.61), F.O.C. (3.84) does not hold as
%—I}; > 0. Given that the $.0.C. is satisﬁed, an increase in R is necessary to make
(3.84) hold with equality. By (3.86), this also implies that &L is less and IX is more

.when R is observed compared to where it is not. The increase in R also increases the

probability that the low cost technology will result.

PROPOSITION 3.8: Let p.(R) be a distribution which leaves the licensor indiffer-
ent between the pooling or separating solution. If p(R) is a transformation of pe(R)
such that

p(R) > pe(R) -V R#0 ) (3.87)

- and

¢(R)> p(R) atp=p, (3.88)

then with distribution p(R) the licensor prefers the pooling solution to the separating

solution.

PROOF: Two distributions which satisfy (3.87) and (3.88) are drawn in Figure 8.

Let the monopolist’s optimal choice of R with distribution p.(R) be given by Rg. Let
the probability associated with Ry be given by py = pg. Using-distribution p(R), let

47 The second term in (3.84) is positive, because AL* > MMH*. The third term is positive, because
< [4L” l at ot >al.

da® dIr
am < 0and §% da
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the amount of R&D necessary for pf = p§ be given by R;. If R&D expenditure of
. . E ’ - 1

R, is undertaken by the monopolist, then % > 0, because p (R1) > p.(Ro). S.0.C.

(3.85) implies that optimality with distribution p(R) requires an increase in R above

Ri. An increase in R above Ry increases p* above pj, and increases the value of the

objective function of Problem 2’._ The pooling solution now yields more profit than

the separating solution and so is preferred to the separating solution. (QED)

This proposition is just the analogue of Proposition 3.2 extended to the case

where p* i1s a function of R.
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CHAPTER IV
Welfare and Policy

In this section the welfare and policy implications of the model developed above
are analysed. This is done from the point of view of both the home and foreign
countries, but it is assumed that each country’s policy is determined independently
of the other country’s policy. Although this 1s unrealistic, 1t 1s an assumption often
made in the policy litefa‘t;lirg [Rodriguez (1975), Bardhan (1982), Brecher (1982), and
Pugel (1982)j, for without it, home and foreign policy makers would be involved in a

game and policy analysis would be substantially coiplicated.

L 4.1 Hblmei Country Welfare and Policy

Uni\:ke Rodriguez {1975), who derived the optimal policy concerning teéhno]w
ogy !:::.‘,al;;éfer; »-ihis section only‘provides a welfare ranking of various policies, given a
m"ono‘pdly rarket structure at home and abroad.! With complete information and
~exogenous technological change, Rodriguez found the optimal policy to be promo-
tion of competitive behaviour at home and the full exploitation of monopoly power
abroad. Competitive behaviour at homé was obtained through a domestic consump-
tion subsidy: However, if there is incomplete information, in that the poligy maker
(regulatér) does not know the monopolist’s costs, the optimal policy at home is not
a simple corisumption subsidy nor is it ‘the simple forcing of marginal cost pricing.
Incomplete. information is precisely the'situatjon analysed in the model of Section 3,

because only the monopolist knows whether the technology is high cost or low cost.

Under conditions of incomplete information, Baron and Myerson (1982) derived

the optimal policy for a monopoly regulator. For the author, imbedding similar

1 Feenstra and Judd (1982), also, only prO\;ide a welfare ranking of different policies.

I
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analysis into the technoldgy transfer problem of Stage Three would be prohibitively
complicated. This complication would be further exacerbated by the need for the
regulator to overcorﬁe the distortion caused when R&D is undertaken by a monopolist
in Stage One. This distortion arises because the monopolist chooses R&D to maximise

expected profit not expected welfare.

Rather than proceed by deriving the optimal policy in the face of incomplete
information, let us proceed by providing a welfare ranking of various policies which
are often recommended or enacted in practice. The measure of welfare which is used in

this ranking is the sum of expected monopoly profit and expected consumer surplus.

A Ban On The Transfer Of Technology Via License Or Subs1d1ary

Thls pohcy is often advocated in technology exportlng countries in order to pro-
tect employment and living standards, or to p'rotect a technological lead.2 However,
ba;n‘ni'ngi the transfer of technology via license or subsidiary lea‘vés the export of goods
as the onlj* option available to a global profit maximising monopolist. The ban has
three effects on expected V\.relfarej (1) a profit effect, (2) a price effect, and (3) an R&D
effect. The latter is important as more R&D expenditure increases the probability
é)f the low cost technology 0ccﬁrring, and so tends to increase expected profit and
éxpected consumer -surplus. The welfare effects also depend on the modes of transfer

that were originally optimal for the monopolist. There are three cases to consider.

( ) Low cost technology transferred by subsidiary - High cost technology transferred by -

lzcense

If this scheme of transfer was optimal for the monopolist, then & must be such

that 112 4 12* — & > Hf{ It must also be true that ¥ + I17* > Hf( Tbgether,

2 Feenstra and Judd (1982) argue that their model provides insight into organised labour’s desire

to restrict technology transfer. See also Teece (1981).

o
'1
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these inequalities imply that

H%X < H?Lv (4‘1)

where F denotes an expected value and subscripts S, L, and X respectively denote
technology transfer via subsidiary, license and exports (the first subscript refers to
the low cost technology, the second to the high cost technology). Therefore, banning
the transfer of technology via license or subsidiary causes expected monopoly profit

to fall.

The impact on expected consumer surplus is ambiguous, because of a price and
an R&D é;‘fe_ct. First, the shift to exporfs increases the price of output for home
' consprﬁers; l:)e;:atlse marginal cost increases’in output. This implies that C’S)L< < C'Sé
and CS)[? < C'SH . where C'S denotes consumer surplus of home consumers. This
effect ananlbiguously reduces expected consumer surplus. Seéondly, in Section 3 it
was .seé:n that the amount of R&D undertaken in Stage One depended on (71 — 7 f ).

Therefore,
Rsp > Ryx of (MF 400 —p)— (¥ ¢ 0¥ > (1§ - 10§).  (42)

If Rs; > Rxx, then the ban on technology transfer via license or subsidiary reduces
the likelihood that the low cost technology will occur. In turn, this tends to reduce

expected profit and expected consumer surplus.

The second inequality in (4.2) can be rearranged to yield
Ly fb kAL > AF ¢ Af -l (4.3)
A necessary condition for (4.3) to be satisfied is that

fiF 4 fib* —ii1g > 07 4 (7~ [f. (44)
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To date, general conditions under which (4.4) holds have not been obtained. However,

assuming linear demand and linear marginal cost, the following proposition has been

established.

PROPOSITION 4.1: If the home production facility’s demand curve is given by

p=a-— bg, where L = Q ‘ (4.5)
a @

and

then the necessary condition for Rgp > RXX (condition ({.4)) is vsatisﬁed if

1/7d\2 L :

PROOF: See Appendix 13.

For specific functional forms, Proposition 4.1 establishes that ﬁecessary condition
(4.4) is more likely to be satisfied the smaller is 4 and the larger is (%)._ The
intuition regarding the size of v is clear. As ~ increases, the low cost technology’s
marginal cost curve becomes flatter. In turn, this reduces the benéﬁts obtained from
locating production abroad. In fact, as v becomes very large the marginal cost curve
- approaches the horizontal and I1Z + 11%* approaches Hg’( Clearly, for large v (4.4) is
less likely to hold.

The intuition regarding % 1s obtained by considering Figures 9 and 10. In Figure

9 the marginal revenue and marginal cost curves are drawn so that % is relatively
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large. In this diagram

(M ) 8 = oab (4.9)
and v
(TL + I8 — 114 = ocd. (4.10)
Clearly,
ocd > oab (4.11)

which 1mplies that condition (4.4) holds. Area oab can fruitfully be divided into
two regions. ocaB répresents the cost saving that subsidiary production provides on
world export output, while abB represents extra profits that accrue from subsidiary

- ~production as a result of the expansion in world output.

In Figure 10 % 1s relatively small. In this diagram

(H 4 (8 T = pef (4.12)
and
(fE 1 f15) ik = ogh. | (4.13)
Clearly,
oef > ogh . | (4.14)

which implies that condition (4.4) does not hold.

The major difference between Figures 9 and 10 is that when % 1s large the

difference between qf’( and qﬁ and (qé — qf’() and (qg — qg) is much greater than
when % 1s small. This provides thé intuition. The much larger output, qf(, allows the
cost saving of subsidiary production to accrue over more output. As well, the large
expansion in world output allows further increases in profit to accrue from subsidiary

pfoduction.
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Although Proposition 4.1 was obtained by assuming linear demand and linear
marginal cost, Figures 9 and 10 suggest that the size of v and the ratio % will be
important in determining if (4.4) holds under less restrictive conditions. A simple
relation like (4.8) is not expected, but as the output response to the low cost technol-

d

ogy is crucial, some relation between § and 5 which is gualitatively similar to (4.8).

will determine if (4.4) holds.

Condition (4.4) is only a necessary condition for (43) to hold.® However, if (4.4)
1s not sétisﬁed,’then clearly RSL < Rxx. In this case, the ban on technology transfer
via license or subsidiary increases the probability of the low cost technology occurring
~which in turn tends to increase expected consumer surplus. It is assumed that the
policy maker knows the cost and demand conditions faced by the monopolist as well
as the function p(R) though at no stage does it know the technology type. This
knowledge enables the policy maker to infer the R&D effect of its policy, and so infer

the effect on expected consumer surplus.

Combining the price and R&D response implies that the total effect on expected
consumer surplus is ambiguous when (4.4) is not satisfied. Therefore, the impact on _

expected welfare 1s also ambiguous.

If (4.4) is satisfied and (4.3) is also satisfied, expected consumer surplus unam- -
biguously falls as a result of the ban as both the price and R&D response affect -

expected consumer surplus in the same direction. In this case, banning technology

3 Using (4.3) to obtain conditions on %, b, d, and k does not yield a simple relationship like
(4.8). . :

- - Yo
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transfer via license or subsidiary causes an unambiguous decline in expected welfare.?

(2) Both technologies transferred by license - Separating solution optimal

If this scheme of transfer was optimal for the monopolist, then £ + IT¥* > 1% ,
. S0 _
nf, <nf,. | (4.16)

Once again the impact on expected consumer surplus is ambiguous. The ban

H <1 and

causes the home price to rise under both technology types, because &
_ . H _ .
al < 1.5 Therefore, CSf( < CS% and CS;? < CS§ . This tends to reduce expected

consumer surplus.

From Section 3 it is clear that

Rrp > Rxx if (If ¢mls)— 118 + 118+ > (k- 114). (4.17)
(4.4) i1s a necessary condition for (4.17) to hold as (HL + ﬁL*) > (I:IL +II5%). If (4.4)
does not hold, then R;; < Ry, and expected consumer surplus tends to increase
as a result of the ban. In this case, combining the price and R&D response leads to

an ambiguous impact on expected consumer surplus and expected welfare.

However, if (4.4) is satisfied and (4.17) is also satisfied, then Ry; > Rxx, and the
ban on technology transfer via license or subsidiary unambiguously reduces expected

consumer surplus and expected welfare.

4 1f the technology difterence takes the form assumed in Appendix 12, that is,
Ct(g) = clg) + (a —7)g, - (415)

then Appendix 14 demonstrates that condition (4.4) holds for all . In this case, the effect on
R&D of the ban on technology transfer via license or subsidiary depends solely on the size of
k. .

5 Price is an increasing function of the market share from Appendix 4. In equilibrium it 1s
assumed that the market share s such that home and foreign consumers are served by local
production. #
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(3) Both technologies tmnsferfed by license - Pooling equilibrium optimal

(i) p* EXOGENOUS

If this scheme of transfer was optimal for the monopolist, then

M%x <7 (4.18)

Once again the impact on expected consumer surplus 1s ambiguous. The ban

L

causes the home price to rise under both technology types as &“ < 1. Therefore,

= L ~ . » .
C'S)L( < CSp and CS)IZ < C'Sf which tends to reduce expected consumer surplus.

In Section 3, where p* was exogenously given, it was seen that ina pooling
equilibrium the amount of R&D undertaken depended solely on the difference between
home profits in each state. Now (II*(a) - HH(q)) is an increasing function of a and
al < 1.9 Therefore,

(k- A < (Tt - 1) (4.19)
and

Rrp < Rxx V. ' ‘ (4.20)

Combining the price and R&D response' leads to an ambiguous impact on expected

consumer surplus and expected welfare.

(ii) p*(R) ENDOGENOUS

The price and expected profit effects are qualitatively the same as when p* was
exogenous. However, the R&D effect differs. The appropriate F.O.C. to consider is

(3.84) which includes terms other than the difference between home profits in each

. . . . L H
6 (% (a) — ¥ (a)) is an increasing function of «, because % > %.
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state. In Section 3, when p* was endogenous and given by p*(R), it was shown that
more R&D was undertaken than when p* was exoge'nous. Theref_orve., it 1s no longer
clear that (4.20) holds. If the extra R&D undertaken in the pooling solution is such
that Rr; > Rxx, then there is an unambiguous decline in expected welfare as a

result of the ban.

The ambiguity regarding the effect on R&D of a ban on technology transfer
via subsidiary or license calls into question a point made by Mansfield, Romeo, and

Wagner (1979, p.51) |

“that, if American firms could not establish foreign subsidiaries (or transfer
téchnology abroad in other ways), they would not carry out as much research

and developmént, ”

In the model developed above this statement is true if condition (4.3) is satisfied;
however, if (4.3) is not satisfied, then Rg; < Rxx and the statement of Mansfield et

al. 1s not true.

~ A policy that bans technology transfer via license or subsidiary usually arises
from concerns over employment, living standards, or the loss of a technological lead.
The above an:alySié suggests that there are cases in which this policy has costs in
the form of reduced expected profit or reduced expected consumer surplus. These
costs must be weighed against any supposed gains. Overall the ambiguity in the.
“above a.inal‘ysis' glso may suggest thaf a case by case approach to policy is better
than blanket baﬁs or blanket acceptance of all technology transfer via license or
. subsidiary. Using this case by casé approach, the policy maker would need to consider
the scheme of transfer btha,t was initially optimal for the monopolist as well as whether
the relevant condition (4.3) or (4.17) is satisfied.. These circumstances need to be

determined before the monopolist does any R&D, and réquires the poliéy maker to
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have knowledge regarding cost and demand conditions for all potential technology
transfers. This is a major inforfnation requirement, and operates against the use of a
| case by case approach. In practise, all that may be possible is blanket bans or blanket
acceptance of all technology transfers via license or subsidiary knowing thaf 1n some
cases expected welfare is lowered by the policy. This may seem an unsatisfactory way
to end a section on welfare and policy. However, at least these results were obtained
from a formal model and highlight welfare effects that have previously .been ignored

or specified incorrectly.
4.2 Foreign Country Welfare And Policy.

. When technology is transferred by license or subsidiary the foreign country
receives no monopoly profit, because competitive bidding for licenses and wholly
owned subsidiaries have béen assumed.” Therefore, the welfare effects of technology
‘transfer on ‘the foreign country are completely reflécted in expected consumer surplus.
As in the previous section, the optimal policy is not derived; only a welfare ranking

of policies that are often recommended or used in practise is provided.

Banning Direct Foreign Investment

- This policy is usually advocated to foster national independence, or because
some externality is thought fo arise 1if technology is transferred via license rather
than subsidiary.® Using the model developed in Section 3, the welfare implications of
this policy are now investigated. To make the ban binding, it is assumed thaf prior

to the ban it was optimal for the monopolist to transfer the low cost technology via »

7 Even in these circumstances the foreign country can obtain some of the monopoly pioﬁt
through taxation. This will be considered later.

8 This externality could be the development of indigenous entrepreneurial or managerial skills,
or other learning by doing benefits [Bardhan (1982)].

Y
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a subsidiary. After the ban, it is optimal for both technologies to be transferred via

license.”?

Transfer via License in a Separating Solution

The impact on expected consumer surplus is ambiguous. Once again there is
a price and an R&D effect to consider. The price faced by the foreign country’s

= ~ L
consumers falls as a result of the ban, because &* > &L.19 Therefore, st s ¢és

and expected consumer surplus tends to rise.!!

The effect on R&D depends on the difference 7L — 7. If before the ban it was

optimal for the monopolist to transfer the low cost technology by subsidiary, then
Lo fE b s (T 4 ) o
In a separating solution the high cost technology is transferred by license with

= 1% + 117+, (4.22)

In Section 3 it was established that licensing always dominated the export of goods as a mode
of technology transfer when first best global profit rna.xlmlsatlon required some production to
be located abroad.

10 5 larger market share for the licensor implies a smaller market share for the licensee. As price

1s positively related to the market share (Appendix 4), the price faced by consumers in the
foreign country falls. ‘ A

11 This result is a little unsatisfactory, because the assumption on which it 1s based, namely, that

local consumers are served by local production, generates a price discontinuity. Specifically,
as o — 1 the price faced by foreign consumers falls, while at o = 1 the price suddenly rises as
foreign consumers are now solely served by exports.

In reality there is some a < 1, determined by the size of the foreign countries local market,
above which the foreign country must be served by some exports. The foreign country’s consumers
can not be served by the licensor and the licensee, because export and import data can not be used
to observe violations of the market share agreement. In this case, the foreign country’s consumers

must be served solely by exports, and any production that occurs in the foreign country must be
exported to some third market. A price dlscontlnulty still occurs at o = &, though it is.not as large
as that which occurs at & = 1.

For a > a, the foreign country i1s unambiguously worse off as a result of the ban on subsidiary
production, because the price faced by foreign consumers rises when the low cost technology occurs
and less R&D i1s undertaken.

In Section 6 a per unit royalty is introduced into the analysis. This raises the price faced by

foreign consumers under licensing and lessens the extent of the price discontinuity. o

4
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Combining (4.21) and (4.22) with (3.61) gives

Rs; > Ry ;. (4.23)
Therefore, the ban on technology transfer via subsidiary reduces the amount of R&D
undertaken. This in turn reduces expected consumer surplus of foreign country

consumers. Combining the price and R&D effects leads to an ambiguous effect on

expected consumer surplus.
Transfer via License with a Pooling Solution

(1) p* EXOGENOUS

The pri(;,e faced by the foreign country’s consumers falls as a result of the ban,

L

because &* > &%. Therefore, C'SL* > CsL* and expected consumer surplus tends to

rise. The effect on R&D depehds on the difference 7% -- 7 If before the ban it was

optimal for the monopolist to transfer the low cost technology by subsidiary, then
bl = f + 18 — k> 1L 4 1, ' (4.24)

In a pooling solution _
0P I < (ah) 4+ 1 (4.25)

. Combining (4.24) and (4.25) with (3.61) gives

| RSL.> 193 (4.26)

Combining the price and the R&D effects leads to an ambiguous effect on expected

consumer surplus.

(ii) p*(R) ENDOGENOUS
The price effect 15 qualitatively the same as when p* was exogenous. However,
the R&D effect differs. Once again it is not clear that (4.26) holds, because more
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R&D is undertaken when p* is a function of R than whenAp* 1s exogenous. If the
extra R&D undertaken in this pooling solution is such that Rg; < Ry, then there is
an unambiguous increase in expected welfare as a result of the ban. However, overall

the welfare effect of the ban is amBiguous.

Rather than banning technology transfer via subsidiary, foreign country welfare
may be increased if technology transfer via a subsidiary is encouraged. In this case,
both technologies would be transferred via a subsidiary. Although the price fesponse

reduces expected consumer surplus, the R&D response may offset this reduction as
‘Rss > Rs: > Ry vand Rrr. (4.27)
(4.27) follows, beCauée |
(E 4 15— k) — (7 4 7% — k) > (15 4[5 — by — (07 4 TTHY),  (4.28)

where the LHS of (4.28) is the difference in the monopolist’s t'otélvproﬁts when both
t‘eﬁhnologies are transferred via subbsidiary and the RHS of (4.28) is the same difference
when the léw cost technology is transferred via sﬁbsidiary and the high cost fechnology
is' transferred via license. Once again the above analysis suggests a case by case
approach to policy may be necessary, rather than a blanket ban on all direct foreign
investment. . The same proviso concerning the information requirements of such a

. . {
policy that was made when considering home country welfare is also in force here.

-Taxing The Income Of Subsidiaries Or Licensees

Income taxation provides a method whereby the foreign country is able to obtain

some of the global monopoly profit and, thérefore; increase its welfare.!? It.is assumed

12 Income taxation allows the foreign country to shift profit from the home country to itself. A
" number of recent articles on trade policy, under imperfect competition, also stress the welfare
eflects of shifting profit, although in different.contexts [Brander.and Spencer (1983), and
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that tax is paid in the country where income is earned. Therefore, subsidiaries and

licensees are taxed on IT**.

After the technology is transferred, the foreign policy maker faces an information
asyxﬁrnetry, because it does not know the technology type whereas both the monop-
olist/.'l:icensor and the subsidiary/licensee do. Rather than deriving.the optimal tax
policy in the presence of this information asymmetry, this section outlines the V\;elfare
implications of changing the tax rate which applies té subsidiaries and licensees away
from that rate which applies to all other firms. The foreign country’s expected welfare
is assumed to be given by the sum of expected consumer surplus and expected tax

revenue.

. The initial home and foreign income tax rates are respectively given by 7 and

7*. Tt'is assumed that 7 = 7*.13 The introduction of income taxation alters the

monopolist’s problem in the following way.

Stage‘ Three
Technology Transfer Via Ezports

Maximised profit is now given by (1 — 7) - I:PX

Technology Transfer Via a Whollyvaned Subsidiary

The monopolist’s problem is!?
max {Il = (1 —7) - ') + P} (4.29)
subject to: |
| (1—7%)- (T™*(a) = k) > P. . - (4.30)

13 The initial values of 7 and 7* are exogenously given and apply to all firms operating in the |
home and foreign countries.

14 A5 income is taxed in the country where it is earned, the transfer payment P is not taxed in
the home country. Tax has already been paid on II** in the foreign country.
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The first order condition for a maximum is

ATy
Oa

aﬂi(a)
da

=(1-71) +(1-7") ———— =0 (4.31)

Let the solution of (4.31) be given by &(t,7*). If 7 = 7*, then (4.31) reduces to
(3.7), and |

& = o | (4.32)

and

Pho=(1-71)Pi  (4.33)

That i1s, when 7 = 7*, the global profit maximising fma,r.ket share is unchanged when

income taxation is introduced into the analysis. Global profit, however, i1s reduced.

Technology Transfer Via a License Agreement

SEPARATING SOLUTION:

Problem 1 of Section 3 becomes!®

max {Tr(1)= (1= 7) Med) + 10} (434)

subject to:
(1-7)-nf&d) + il > (1‘—7>H”’?(aL>+ oo (43s)
(1‘.—7*)-HL.*(<;-QL)2 L b S (436)

15 14 is assumed that the lump sum license payment is not taxed in the home country. It is also
assumed that the lump sum license payment i1s not a deduction from income in the foreign
country. These two assumptions are made so that the tax system tréats subsidiaries and
licensees in identical fashion. If the lump sum license payment was a deduction from income,
then no tax would be paid in the foreign country by the licensee. This defeats the purpose of
the policy considered in this section.
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where uff and AL are Lagrange multipliers. Let the solution to this problem be given

by
(ak(r,7),1%). | (4.37)

Therefore, the separating solution is given by

(&f (r,7%),18) ; (ak(r,7"), k). (4.38)
If 7 = 7*, then
off =af | ., (4.39)
H=0-r)", (4.40)
ak =al, (4.41)
‘and |
E=g-). 1% (4.42)

That i1s, when 7 = 77, the market shares in the separating solution are unchanged

when income taxation is introduced into the analysis. Global profit, however, is

reduced.!®
POOLING SOLUTION:!?

Problem 2 of Section 3 becomes
max {Ilp(L) = (1 - 7)-I¥(a)+ (1= 77)- (o - IT*(a)+ (1= p")-TTT*(a)) }. (4.43)
The first order condition for a maximum is

amk e aHL* .. OIT&
=) (e — () ) (a44)

(1=7):

16 g » = ‘f' then the introduction of income taxation into the problem involves multiplying all
the constramts and the objective functlon by (1 — 7) which leaves the solution of the optimal
market share unchanged.

17 In this section and also in the remaining sections of this thesis, it 1s assumed that p* 1s
exogenously given. For the case where p* is a function of R, the analysis must be amended as
outlined 1n Section 3.
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Let the solution to (4.44) be given by d%(T,T*). If 7 = 7*, then (4.44) reduces to
(3.38), and
| L . (4.45)

[ol}
it~
Il
Q¢

and
| E=a-) " (4.46)
That 1s, when 7 = 7%, the market shares in the pooling solution are unchanged when

income taxation is introduced into the analysis. Global profit, however, 1s reduced.

Stage Two

Assuming that the low cost technology has occurred the monopolist chooses the
mode of transfer by comparing:
(L) I (=) TP 4 (1= ) (12 - b)),
o L | L (447)
(1—7)-TF+15); (1 -7k + 7).
A similar comparison is made if the high cost technology has occurred. If 7 = 7%,
then the optimal mode of transfer after the introduction of taxation is the same mode

of transfer that was optimal before the introduction of taxation.

Stage One

Let 7&} = total profit of the monopolist in state : when income tax rates are
given by (7,7*). The monopolist’s optimal choice of R&D expenditure is obtained by

solving the following first order condition
p(R) = ——rr. (4.48)

If 7 = 7%, this reduces to

p'(R) = : | (4.49)



which implies that the introduction of taxation reduces the amount of R&D under-
taken. Income taxation reduces the difference between total global profit in each

state, and so reduces the amount of R&D undertaken.

Having amended the model of Section 3 to allow for‘income taxation at home
and abroad, it 1s now possible to analyse the welfare implications, for the foreign
‘country, of changes in the tax rate which apply to subsidiaries and licensees. Assume
that initieﬂly 7 = 7%. What are the welfare implications for the foreign country of
changing 7*7 Before answering this question, 1t is first nécessary to derive the positive

effects of a change in 7* on the subsidiary and license decisions.

SUBSIDIARY

Totally differentiating (4.31) and using the second order condition for a maximum

gives
BEY: - :
°T . (4.50)

That is, the monopolist responds to the higher tax rate abroad by reducing the market
share énd the income of the subsidiary. Substituting &?_f(’r, 7*) into the objective
function, (4.‘29), differentiating with respect to 7*, and applying the envelope theorem
gives
oIl
or*

= (¥ —k)<0. (4.51)

That is, a small increase in 7* causes the monopolist’s profit to fall.

LICENSE-Separating Solution

By symmetry with the subsidiary problem,

o6
or*
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and
, [ o jH ) |
~ M) - nfr <o (4.53)
# T* -

Therefore, when the high cost technology has occurred, the licensor offers a smaller

market share to the licensee and receives less profit when the foreign country increases

*

T .
From the first order conditions of Problem (4.34) to (4.36), Appendix 15 shows
that A
o9&k
°T 5 . - C (4.54)
or*

Substituting drf,-’w into problem .(4.34)—(4.36), differentiating with respect to 7*, and
- applying the.envelope theorem gives
o(Tk 4+ TL ) o
Lg_*ﬁ = —(pf -1 42T <o -~ (4.55)
-
Therefore, when the low cost technology has occurred, the licensor offers a smaller
market share to the licensee and receives less profit when the foreign country increases

T*.

LICENSE-Pooling Solution

Totally differentiating (4.44)-and using the second order condition for a maximum

gives

dak |
T .  (456)
or* :

Substituting d%(T, 7*) into the objective function, differentiating with respect to 7%,
and applying the envelope theorem gives

8 ﬁL + ZL * <y L * * r H *

ot 7] e 7)o (g dk 4 (- ) T <0 - (457)

Therefore, under the pooling solution, the licensor offers a smaller market share to

the licensee and receives less profit when the foreign country increases 7*.
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To see that the optimal mode of transfer can change with changes in 7*, assume -
that the low cost technology has occurred and assume that initially the monopolist is
i‘ndifferent' between each mode of transfer. This indifference is shown in Figure 11 in

“which the subsidiary solution, point S, the license pooling solution , point C, and the
license separating solution, point B, all lie on vglobal 1so—profit curve IlL. In Figure 11

it is clear that

(f — k) > (o 0F o+ (1 - p7) T = > (uf Il 4 AE ). (458)

Combining (4.58) with (4.51), (4.57), and (4?55) implies that licensing with the
separating solution is now preferred to licensing with the pooling solution which is
preferred to subsidiary pr_oduction.18 ‘That is, the optimal mode of transfer depends

on 7 and T*.

To analyse the welfare implications of an increase in 7* 1t 1s assumed that before

and after the increase the subsidiary/license option is optimal for the m.onopolist.19

Low Cost Technology Transferred Via Subsidiary-High Cost Technology Transferred

Via License
(1) Consumer Surplus:

Assume that the low cost technolegy‘ has occurred. From (4.50), an increase in
T* causes the licensee’s market share to fall. In turn, this causes the price faced by
foreign consumers to fall and increases consufner surplus. Assume that the high cost
technology has occurred. (4.52) imphes that the price faced By foreign consumers
falls when 7* is increased, which subsequently increases consumer surplus. Therefore,

regardless of technology type, an increase in 7% increases consumer surplus abroad.

18 14 is also possible that the export of goods becomes the preferred mode of tranfer. This was
not possible when taxation was not in the model.

19 This assumption is made for expositional purposes.
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Figure 11




(2) Research and Development:

Given w and p(R), the amount of R&D undertaken depends on the difference
(& — 7#). From (4.51) and (4.53) |

o( (11 + (g — k) - ({1 + )
or*

=T — (k- k) <o, (4.59)

So from (4.48) the increase in 7* causes the amount. of R&D undertaken to fall. The
increase in 7* reduces the difference between the monopolist’s global. profit in each

state, and so reduces the amount of R&D undertaken.
(3) Tax Revenue: -

Assume the low cost technology has occurred. The government receives tax

revenue of

TE = o (118 — k) C (4.60)
before the increase in 7*. Differentiating T'F with respect to 7* gives

L ' OIIL*  Bak .
— (TI&* — L . T T 4.61
( T )+T (9OA£7L—| 87.* | . , ( )

. L . . . Ly
The sign of % 1s ambiguous as the first term on the R.H.S. of (4.61) is positive,
while the second term is negative. The first term is the tax base, while the second
term represents the loss in tax revenue that results from the reduction in the tax base

H o .
%{, is similarly ambiguous.

caused by the increase in &%. The sigh of

Combining (1) and (2) implies that the change in expected consumer surplus
is ambiguous, and combining (2) and (3) implies that the change in .expected tax -

revenue is ambiguous.2® Therefore, whether an increase in 7* increases or decreases

20 1t is assumed that the policy maker knows the cost and demand conditions as well as o(R);
therefore, 1t can calculate how its policy changes R-and changes the probability of the low cost
technology occurring. '
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expected welfare 1s ambiguous, the actual result depending on the parameters of the
model. This ambiguous result also holds for changes in 7* when both technologies
.are licensed. To derive the optimal tax rate specific demand and cost conditions are
needed. Therefore, a case by case approach to tax policy may be needed. Once again

the usual proviso concerning the information requirement of such a policy is made.
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CHAPTER V
The Model with more than Two Technology Types

To date, R&D was assumed to result in either a low cost or high cost technology.
In this section this assumption is relaxed by allowing more than two types of tech-
nology. For simplicity, rather than allowing there to be n discrete téchnology types;
only fhe case of three technologies is considered, namely, a low cost, a medium cost,

and a high cost technology.!

Stage Three

When three techn:ologies are allowed, the analysis of technology transfer via
subsidiary or exports is identical to that of Section 3. However, when licénsing is
considered this is no longer true. As well as a separating solution, in which all
three technology types are associated with different license contracts and a pooling
solution, in which all technology types are associated with the same license contract,
other possibilities now arise. For example, the high cost and medium cost technologies
may be associated vyith the same contract (pooled) while the low.cost technology 1s
associated with a different contract (separated). Similarly, the medium and low cost
technologies may be associated with the same license contract while the high cost -

technology is associated with a different contract.

The first possibility, where all three technologies are associated with different
license contracts, is obtained by solving two problems. First, given (&, iH), Problem

4a is solved.

1 The arguments that follow carry over to the case of n discrete technology types though the
analysis 1s more complicated. '
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Problem 4a:

: N _1mM M M :
R {II(M) =TI" (™) + 17 } , (5.1)
subject to:
| e (afy+ 1% > MMy + 1M, | -~ (5.2)

oM (M) > 1M | (5.3)

where superscript M denotes the medium cost technology and all other variables and
‘constraints are interpreted as in Problem 1 in Section 3 above. Let the solution to

Problem 4a be given by
| (aM, ™). (5.4)

Second, given (GM, M), Problem 4b is solved.?

" Problem 4b:

max {I(L) = I*(a®) + 1*} (5.5)
Catl :
subject to : .
oMMy + ™ > IML(gLy 4 b ~(5.6)
I (ak) > I, N R

Let the solution to Problem 4b be given by
(af, 1h). (5.8)
-Combining (&, ZH), (5.4), and (5.8) results in the following separating solution

&H, )y 5 @M ™My ; (@&hm). o (5.9)

2. Only the binding constraints are listed in -Problems 4a and 4b. Similar arguments to those
used 1n Section 3 make it clear that these are the only constraints that do bind.
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This solution is shown in Figure 12. Figure 12 is identical to Figure 3 except for the

addition of the medium cost technology.

Without gomg into detail, the second poss1b1hty, where all three technologles
are associated with the same license contract is shown on Figure 13 in which I1#* =

p*LIIL* 4 p*MpM> | xHT H* 3 The pooling mechanism is given by
(al, by (5.10)

Figure 13 1s 1dentical to Figure 4 except IIE* now takes account of the medium cost

technology.

The third possibility, where the high cost and medium cost technologies are
associated with the same license contract while the low cost technology 1s associated
with a different contract is shown on Figure 14. H “ represents the expected value
of the high and rnedlum cost technology, given a separate contract is associated with

the low cost technology. It is calculated as follows

e, — _'D_*H_ S 4 _p*M____ CTTM* (5.11)
HM — p*H + p*M p*H_+_p*M . .

The solution is given by

-HM jHM . —L 7L ‘
(a o ) ! (aHMvZHM)' (5'12)
- Finally, the fourth possibility, where the medium and low cost technologies are
associated with the same license contract while a different contract is associated with
the high cost technology is shown in Figure 15. HE iz 1s obtained in a similar fashion

to I]Z’}W The solution 1s given by

(&%) (&ML MLy, (5.13)

1

3 As drawn, IIE‘V > IIM* With different subjective probabilities it is possible that 1+ < IIM*,
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Of these four possible licensing mechanisms, which is‘ chosen by the licensor?
To answer this question the analysis and terminology of Section 3 is used once
again. For mechanism (5.10) to be chosen it must be true that IT* + [ > TI* + [%;
otherwise, the licensee would infer that the high or medium cost technology has
occurred and not participate in the mechanism. That is, if ¥ + (£ < 1L + 7L, then
(5.10) is not a core mechanism. Similarly, mechanism (5.12) is a core mechanism
only when IT#M 4 [AM - [M 4 M nd (5.13) is a core mechanism only when
nML 4 (ML 5 T 4 7L Which mechanism is actually chosen, therefore, depends on
the technology type that has occurred and on the relationship between p*L, p*  and
o
I more than three technology types are cdnsidered, then the number of potential
mechanisms for the licensor to choose from increases dramatically, and it for this
reason that'the analysis of this section has been limited to just three technology
- types. Nevertheless, it seems clear that the analysis of St'a,gé Three in this section 1s

basically the same as that in Section 3.

‘Stage Two

Given technology type, the monopolist chooses among the modes of transfer to

maximise profit. Assume that the high cost technology has occurred. A comparison

of
AH [, [EM M FH [ GE TR and TE (5.14)

determines how the technology is transferred, with the proviso that (IT# 4 L) and

(MEM 4 [HM ) only be considered if they are associated with core mechanisms.

" PROPOSITION 5.1: The high cost technology is always transferred via a license

agreement.
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. Figure 13 |
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-Figure 15
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This is an analogous proposition to Proposition 3.4 and follows like Proposition

3.4, because (HH + ﬁH*) 1s always available via a license agreement.

If the medium or low cost technology had occurred, then a similar comparison

to (5.14) would establish how the technology is transferred.

Stage One
Looking forward to Stage Three and Stage Two the monopolist chooses R&D to

maximise expected profit in Stage One. The monopolist’s‘ problem is

Problem 5:

max pL(R)-WL+pM(R)-7rM +pH(R)-7rH - wR, ‘ (5.15)
where 7 is the profit obtained when the optimal mode of transfer is chosen by the

monopolist.4

For all R, it is assumed that pLI(R) > 0 and pH/‘(R) < 0. On the other hand,
the sign 'of.pM/(bR) depends on R as shown in Figure 16. It is further assumed
that for all R, pL”(R) ‘< 0 while pH”(bR) > 0. This further assumption implies
that (pM”(R) + pH”(R‘)) > 0.° These assumptions on the probabilities can be

4 The problem 1s more complicated than this when two or more technology types are associated
with the same license contract as was seen in the analysis of the pooling solution in Stage One
of Section 3. However, for expositional purposes, this complication is ignored in this section
and p* 1s assumed to be exogenously given.

Probabilities sum to one so
oL (R) + o™ (R) + o (R) = 1. (5.16)
Differentiating with fespect to R gives
| PR+ AR T (R0, (5.17)
- and differentiating again yields V |
oX(R) = ~ (oM (R) + 0" (R)). | (5.18)
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interpreted as follows. For small R, an increase in R increases the probability of the
low cost and medium cost technologies occurring while it decreases the probability
of the high cost technology occurring. However, for large R, an increase in R
increases the probability of the low cost technology occurring.while it decreases the
probability of both the medium and high cost technologies occurring. In terms of
a cumulative distribution, where type is indexed from high to low on the horizontal
axis, the distribution associated with the higher R first order stochastic dominates

the distribution associated with the lower R.

The first order condition for Problem 5 is
o (B) -7 4 oM (R) w4 o™ (R) - 7 —w =0 (520)
which can be rewritten as
Y(R) (xh - %H) + oM (Ry-(«M — ) = u, (5.21)

because pX + pM + pff = 1. The second order condition for a maximum is satisfied,

because of the assumptions made regarding pL”(R) and pH”(R).s’

The monopolist then solves (5.21) for the optimal amount of R&D.

Now p"(R) <0V R, so ,
(M (R)+ " (R)) >0 VR (5.19)

6 The second order condition for a maximum is
P N(RY (xF = H) 4 pMT(R) (2™ - 2H) < 0. (5.22)

Now , ) v
pM(R) = —(p* (R) + o™ (R)), (5.23)
so the second order condition can be rewritten as . ‘

I

pY(RY - (vt = 7MY = pH(R) (xM - xF) < 0. - (5.24)
This condition is satisfied, because pL”_(R) < 0 and pH”(R) > 0.
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Welfare and Policy

~In this sub-section only one policy i1s considered; namely, that of the home
country plac.ing a ban on technology transfer via subsidiary or license, when initially
the high cost technology was transferred by license and the medium and low cost
technologies were transferred via a subsidia.ry.7 The ban means that technolqu
transfer can only occur via the export of goods. Aé in Section 4 there are three

effects to consider.
Profit Effect

By optimality of the original scheme of transfer
N8, > 08 xx, (5.25)

where the first, second, and third subscripts refer to the mode of transfer for the low,
medium, and high cost technologies respectively. Therefore, the ban causes expected

profit fo fall which tends to reduce expected welfare.
Price Effect

The shift to exports increases the price of output to home country consumers,

because &L, 6M

, and & are less than one and marginal cost is increasing in output.-
As a result of this price effect, the ban reduces consumer surplus for each technology

type. This tends to reduce expected consumer éurplus.
R&D Effect _
For }expositiona] purposes assume that deﬁland and cost conditions are such that
(0 4 (0% — gy — (017 4+ Tf) > Tk - f1E (5.26)
and

(F1M 4 M* — k) — (L7 4+ i) > T — 1. (5.27)

7 This particular case gives the flavour of how the analysis of other cases would proceed.
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Therefore, the ban on technology transfer via license or subsidiary reduces the value of
(7l —afYand (7™M —7H ) in (5.21). Given w, if pL/(R) > 0 and pM/(R) > 0, then the
L'vHS of (5.21) is now less than the RHS. As a result, R&D is reduced until equality in
(5.21) is once again obtained.® If p™(R) < 0, it must be true that [le(R)] < pZ’(R)
as p¥'(R) < 0. In this case, the L.H.S. of (5.21) is still less than the R.H.S., because
(nl — 7rH) > (oM — 7)) > 0. Therefore,-eveﬁ if pM'(R) < 0, when conditioné (5.26)
and (5.27) hold the ban causes the amount of R&D undertaken to fall. This tends
té ‘reduce expected profit and expected consumer sﬁrplus, and so tends to reduce

expected welfare.

Combining the profit, price, and R&D effects implies that the ban on technology
transfer via license or subsidiary unambiguously reduces home c()uﬁtry welfare when
conditions (5.26) and (5.27) are satisfied. However, in general these conditions are
not satisfied, so the effect of the ban on expected home country welfare is generally

ambiguous.

The analysis of the model when three technology types are allowed is not contin-
ued, because of its similarity to the analysis of Section 3. That is, apart from added
‘complication, extending the model of Section 3 to allow more than two types of

technology does not provide any new insights into the process of technology transfer.

8 The conditions that are required for {5.26) and (5.27) to hold have not been derived. However,
Proposition 4.1 suggests that the slope of the demand and cost curves as well as the size of
. the technology difference are important.
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CHAPTER VI

Licensing with a Market Share Restriction, a Lump Sum License

Payment, and a Per Unit Royalty

In Section 3 above a license contract contained a market share restriction and a
lubmp sum license payment. Per unit royalties were not considered, be_cause monitoring
of the licensee’s output by the licensor was assummed to be prohibitively costly.
However, Taylor and S_ilberstoﬁ (1973, p. 120) found in their sample of 28 firms that
per unit or sales based royalties occurred in a majority of license agreements either
alone or coupled with lump sum payments. A similar result was found by Contractor
(1981, Table 4-15, p.-90-91) in His sample of 12 firms. Therefore, 1t must be possible
to overcome the monitoring problem to some extent, and it seems appropriate to
-amend the analysis of Section 3 by allowing the license contract to contain a per unit

royalty payment.

~ As in Section 3 it is assumed that the technology is licensed monopolistically to
.a foreign firm. Given this assumption, fhe use of per unit royalties is second best,
because a per unit royalty distorts the marginal cost curve of the licensee and induces
the licensee to produce less than the first best monopoly output [Caves et al 1983, p.
258, footnote 8. Nevertheless, given the information asymmetry, the first best is not

attainable, so the per unit royalty may in fact increase the profitability of licensing.
6.1 Stage Three

The analysis of technology transfer via subsidiary production or the export of
goodsvis identical to that of Section 3. However, the analysis of the licensing decision
is different. Once again there are two solution to consider; namely, a separating

solution and a pooling solution.
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Separating Equilibrium

Assume that the high cost 'ﬁechnology has occurred. As in Section 3 if
(&", i) | | (6.1)

is offered by the licensor, then it is accepted by the licensee, because regardless of
technology type the licensee’s profit is > 0. Contract (6.1) does not involve a per unit
royalty, because per unit royalties introduce a distortion which reduces global profit.

Assume that the low cost technology has occurred. Similarly to the analysis of
Section 3, the licensor chooses (¥, I, 7L) t6 maximise global profit subject to certain

self-selection and licensee participation constraints. Given (dH., 4 ), the licensor’s

problem is

Problem 6:

max  {II(L) = ME(al) + 15 4 L gB* (b, rL)} (6.2)
ab Il 4L . N
subject to : - . _
ﬂH(&H)+ZH > HHL(aL)+lL-+r[’-qHL*(aL,rI,’). (6.3)
HL*( Lopky > (b T (6.4)
where 7% i = H, L 1s the per unit royalty rate applied to the licensee’s output

HL*(aL L) denotes the maximised value of the hcensee s profit net -of royalty.pay-

ments, ' (a L 1) denotes the licensee’s output that maximises this net profit, and

g1 (al rL) denotes the licensee’s output that maximises net profit when the high

cost technology has occurred but the licensee’s market share and royalty rate is given

by (aL,rL).l This problem does not have nice curvature properties, because con-

straints (6.3) and (6.4) are not convex sets. These non convexities make the solution

1 Only those constraints that bind are included in Problem 6.
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of Problem 6 difficult to achieve analytically. Therefore, rather than solving Problem

6 1t will be established that at the solution, whatever it may be, the royalty rate is

greater than zero.

To begin, let 7L = 0 in Problem 6. This problem is now identical to Problem 1

in Section 3 and has a solution given by

(@l 1t).

| (6.5)

At this solution contraints (6.3) and (6.4) bind. The question to answer is whether it

_ is possible to increase the value of the objective function by increasing ¥ above zero

and changing o’ in such a way that constraints (6.3) and (6.4) are still satisfied.

Totally differentiating the objective function yields

AL (oL dgl*(al vt
dH(L):Ta%J-daL+d1L+rL.L27J-dTL
o © o Lef L L 9
+qL*(aL,7“L)-d7’L—|—T‘L- aq (a s T )'dOlL

dal

while total differentiation of constraints (6.3) and (6.4) respectively yields

3HHL(aL) L L L aqHL*(aL,TL) L
: ' 9aHI* (oL LY
IR 2900 R A 8(02 7)ol
Oa
and ‘
BHL* L L (9HL* L L
0= N;O‘L)T ) -dTL + Na(aLar ) ‘dOzL —dZL.
i @
In Appendix 16 it is shown that
AL (ak, rl) .
{va?‘L = —qL (aLarL)

(6.6)

(6.7)

(6.8)

- (6.9)


http://whether.it

and

dol d(g* /(1 —al))  (1-aF) -
so that (6.8) can be written as
' : - HL* L Ly~ A o
0 = —gP*(ak rb). ark 4+ TIHT) pon gt (6.11) -

aaL .

If 7L is increased, then (6.11) implies that {* must be decreased by dit = -
~gt* (b, rt) . drt for constraint (6.4) to be satisfied. |

L

Given #* = 0 and (6.6), an increase in ¥ increases the objective function by

qL*(aL_, rLY. dr? while the requirement that (6.11) be satisfied reduces the objective
-~ function by —¢%*(af,7L)-drl. The net effect on the objective function is zero change.
However, the RHS of (6.7) is now less than zero, because dit = —¢Z*(ak,rl). drt

and qL*(a.L,TL) > qHL*(aL,rL).

Lx¢ L L
If ol is decreased, then (6.11) demands an increase in [ of dIt = ~@ﬂa(a%’r——) -
dak. At (a1 pb = 0) | |
O (ot rLy - HL( L .
_ N (a T ) . daL > ol (O‘ ) daL, (612) -

dal dal
so a decrease in ol brings the RHS of (6.7) back to zero. This decrease in ok also
increases the objective function, because at (a”, 1%, rL = 0)

Ol (af,rE) del S AL (al)

L
aal’ T - d(! . ‘ (613)

L and a decrease in aL from an initial position of

Therefore, an increase in 7
A(ab kel = 0) increases the objective function while constraints (6.3) and (6.4)

remain satisfied.

This establishes the following proposition.
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PROPOSIVTION 6.1: If a per unit royalty can be used in the license contract, then
. its optimal value is zero in the contract associated-with the high cost technology while -
its optimal value is greater than zero in the contract associated with the low cost
technology.” Also, in this latter case, the licensor’s profit is greaier thdn zfa per unit

~ royalty could not be used.

This proposition followé, because around ‘rL = 0. the royalty rate affects the
objective function and the relevant constraints of Problem 6 in a similar fashion to-

a’. This allows the optimal o to be reduced below & and increases the licensor’s’

proﬁf.v More speciﬁéaﬂy, if 7L = 0, then a¥ > &% in Problem 1, because as a® is

_ , HL L
" increased above &% self selection constraint (3.25) requires L to fall by an—aﬁa—)

L onL( oL HL (L
causing a net impact on the objective function (3.24) of (an (@) o0 a,(f_ )). Now,

dal e}
ant(al) S anfL(q
dal dal

L
) from Appendix 9, so

ok (at) B anHL(aL)') g

0. | 6.14
( dal dat ’ ( )
At (rl = 0,at = éL), as rl is increased above rl = 0 self selection constraint

‘(6.3) requires {* to fall by —qHLf(aL, rL). This cé.u_seS a net impact on the objective
function, (6.2), of (¢%*(a®,r?) — ¢#L*(al,rl)). Now g (ot rt) > g7 (al,rl), |
$O ‘ ; k

(qL*(aL,TL‘) _ qHL*(aL,TL))‘ > 0. (615)

Therefore, at (TL =0,af = &L), increéases in the royalty rate have a similar net effect
on the objective function as increases in the market share. By setting % >0 of
can be reduced from & and the licensor’s profit is increased. The per unit royalty
“helps in the self selection procesé as it reduces the licensor’s incentive to lie. This

happens because the licensor is forced to trade off some of a lump sum payment, (I£),

which is independent of the technolo'gy type for royalty payments which depend on
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| the fechnoloéy type. Let the solu'tion. to Problem 6 be given by
(af, 1k 7L > 0), | | | B (6.16)
and let the licensor’s maximiéed profit be given ‘l‘)y
e+ 472 R (617)

where subscript 7 denotes contracts in which per unit royalties are used.

Combiniiig (6.1) and (6.16) yields the following separating solution

7"»1‘1 T

&8 =0) ; (b >0 0 (618)
Using arguments similar to those in Section 3, this mechanism is the optimal sepa-

rating mechanism.

Pooling Equilibrium -
As in Section 3 a pooling equilibrium is also possible in which the same license -

contract is offered regardless of technology type. Assume that p* is eﬁcogenously given,

and that the low cost technology has occurred. The licensor’s problem is

Problem 7:

max {(L) = T¥(a) + 1 + - g (o, 7)} - (6.19)
subject tb; ‘
p* TE (o) + (1 — p*) - TR (7)) > L. - (620)

This problem does not have nice curvature properties, because constraint (6.20) -

is not a convex set. Therefore, the same technique used above in analysing the
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separating solution is adopted in order to ascertain whether the optimal royalty rate

is greater than zero in the pooling solution.

~ To begin, let » = 0 in Problem 7. This problem is now identical to Problem 2 in

Section 3, and has a solution given by
(a*, 1)

in Figure 4. At this solution constraint (6.20) binds.

Totally differentiating the objective func'tiog yields

L o L* o
dmL%=m;$)dq+m+,,£7$g)dr
: Ly '
+ qL*(a,T) -dr + ra_q_(gﬂ - da,

da

~while totally differentiating constraint (6.20) around solution (6.21) gives.

. 8HL* ) o aHL* ,
O:p*' N(.a’r)da—{—p*- N(ar)-d'r
Oa o or )
aﬂg*(a T) O (a,r)
). N g — )N 2 e — dlL
(=) o+ (1= p") =5 = r |
Using the‘e.nvelope theorem impliéé that
J:117-ST O W
»
and :
AL (a,r .
“%%“‘Q:Z—QL(aw)
r .

If r 1s increased, then (6.23) implies that | must decrease by

dl=(=p" g™ (@) = (1= %) ¢ (ayr)) - dr
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for constraint (6. 20) to be satlsﬁed Substltutmg (6.26) into (6 22), ,giveli_da =0,

. estabhshes that the net change in the objective functlon is
(D)= (gM (e (0t gM(ar) (1= 1) g™ (em)) dr(627)
Now g&(a,r) > ¢*(a,r), s0

dII(L)
@

>0 | . (6.28)

when r 1s increased around r = 0.

This establishes the following proposition.

PROPOSITION 6.2: Ifa per unit royalty can be used in the license contract, then.

its optimal value is greater than zero in a pooling equilibrium. -

Using similar arguments to those in Section 3 implies that the mechanism .that.

solves Problem 7 is the only pooling core mechanism. Let this be given by
’(ar ’lf’ f > O) » : I v (629)
and let, the,licensor’.s maximised profit be givell by |

Lo Ly il sLglval qby=#L
I-I'r (ar ) +‘lr + Ty *(ar ' Ty ) =Ty ) (630)

Propoéitions 6.1 and 6.2 are consistent with the observed prevalence of per unit or
sales based royalties in license contracts. However, Proposition 6.1 also suggests that.
there are cases when royalties are not used, _namely, when thé high cost_technoiogy
has occurred. In this case the prevalence of .royal{:ies m.ay' be explained by risk sharing,

~ or other behaviour that is not co‘nsi;dered in this »rr'lodel.
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6.2 Stage Two
: Propositions 6.1 and 6.2 establish that
7L > fik(ah) T | (6.31)
and _
| k> kah) + 1 | (632)

so the inclusion of a per unit roya]ty in license contracts increases the profitability of

licensing the low cost technology.

PROPOSITION 6.3: The likelihood of the low.c‘ostbtf;chﬁology being tran‘éfeh‘ed via
license incr_ea_ées, ceteris paribus, with the inclusion of a per unit royalty in the license

contract.

PROOVF: Let £, p*, and v be such that the.follo‘wing equality holds
ml(al) + & =11k (al) + IL = 0% + & — k. . (6.33)

Therefore, the licensor is indifferent between the separating and pooling soiﬁﬁon and
indifferen& between transfor'ring technology via license or subsidiary. The intrdduot‘ion
of a per unit royalty into the license contract increases the profitability of licensing -
' the low cost technology. Given (6.33), this implies that licensing 1s now chosen as the

mode of transfer. (Q.E.D.)
6.3 Stage One

‘ PROPOSITION 6.4: The amount of R&D undertaken in the separating equilibrium
imncregses, cgzt_ér'is paribus, with the inclusion of a per unit roydlty payment in the
license contract. o -
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PROOF: Using (6.31) it is clear that
77— (4 170 > (U@ o+ 1) - (07 + 117 (630)

Now (3.63) established that the greater was the dlfference between the monopohst s
total proﬁt in each state the greater was the a.mount of R&D undertaken This result

together with (6.34) establishes the proposition. (Q.E.D.)

" Unfortunately a similar proposition for the pooling equi]ibri'um‘ has not b:eenb’ _
established. This is because an analytical solution for Problem 7 was not obtained.-
Given p* is exogenous, in the pooling solution the licensor undertakes R&D until

condition (3.61) is satisfied, that is, until

w

Ry= —2 " 6.35)
Now _ .
#l > Tk al) + 1 - . (6.36)
from (6.32), while around r = 0 |
D7 (a) + 147 gf*(ayr) < TIH@E) + 15 °  (637)
as
Can(H) = (g7 (e r) — (2" gM () + (L= p) g " (a,m) ) dr - (638)

(6.38) is obtained in a similar fashion to (6.27) except the high cost technology has

been assumed to occur.
}

Combining (6.36), (6.37), and (6.35) suggests that around r =0 the'amount
of R&D undertaken in the pooling equlhbrlum increases, ceteris parlbus W1th the |
inclusion of a per unit royalty in the hcense contract.. However although (6 36) holds '

at the solution, whateve; it may be, it is not clear that (6.37) holds at this solution.
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6.4 Welfare and Policy

‘Home Country Welfare and Policy -

The only policy considered in this section is the banning of technology transfer
via subsidiary or license. In the absence of a ban, it is assumed that technology
would be transferred via licensing under a separating equilibrium.2 The ban leaves

the export of goods as the only option available to the monopolist. -

From the optimality of licensing 7~ >k, s0

Wopp >Mxx. - - (6.39)
- Therefore, the ban reduces expected profit .and téndstdreduce expccfed welfare:

The shift to exports causes the price of output to rise for home consumers,

L and &% are less than one and marginal cost is increasing in output. In

“because @&
turn, this reduces consumer surplus with each technology type and tends to reduce '

expected consumer surplus.

Finally, as in Section 4 the effect on R&D is a.'mbviguous, because it dependson the
siz§: of (7‘rTL —(ﬁH +fIH*)) relative to (Hg“( — H%) However, because 7% > (I1£ +110*)
R&D is more likely t‘o fall-as a result of the ban where a royalty is allowed in the
license contract compared to a sit}uszt.ion.v&/‘here a royalty is not éllo@ed in the license

contract.

Combining the profit, price, and R&D effects leads to an ambiguous effect on .
4 ‘expe"cted welfare though the fact that 72 > (ITF +TI2*) suggests that expected weifaré ’
is more likely to fall as a result of the ban if per unit royalty payments are allowed in

the license contract.

2 This assumption is made, because (1) the pooliu.g‘solutioh has not been analysed under
conditions of endogenous R&D and (2) the analysis of Section 4 applies if the low cost
technology is transferred via subsidiary while the high cost technology is transferred via license.
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Foreign 'Countfy Welfare and Policy

The only policy considered in this section is the banhing of technology transfer -
via subéidiary. In the presence of the ban it is assumed that licensing under the
separating equilibrium is 0ptifnal. It 1s also assumed that _the low cost technology has

occurred. ' . .

Although thé presence of the per unit royalty tends.fo increase the 1S:iCG; of output
to foréign céllsﬁmer.s‘, the relationship between c"x‘,L and GF has not been :(-l_e't'err'ninéd.” '
Thetefofe_, t:he ﬁrice unpact of the ban is unknown. |

The ban reduces the amoﬁgt of R&D undertaken, because (112 + [1¥* — k) > #L.
However, this reduction in R&D is not as large as the reduction in R&D that
: "'would occur if a royalty paylileht_ was not alldwed; m th_e license contract, b¢ca.use '
7L > (F 4 11*). |

Combining the price and R&D effect leads to an ‘ambiguous effect on expected

foreign country welfare, because the price effect is unknown.
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CHAPTER VII
Licensing without a Market Share Restriction

To date, it has been assumed that license contracts contain a market share
restriction. Although such restrictions are often found in practice, in some countries
~such restrictions are illegal.! It is now time to consider the licensing decison when
a market share restriction is not allowed in the license contract. This also allows
welfare analysis of a policy that is often advocated or enacted by technology receiving

countries, namely, the elimination of market share restrictions from license contracts,2

The a11a1y51s that follows continues to assume the presence of an information
asymmetry, risk neutrahty, no ex post renegotiation of contracts, that only two firms
can profitably produce the product, that resale of the technology by the licensee is
not allowed, and that p* is exogenous‘ly given. It is also assumed that having sold the
technology once the licensor is not allowed to sell the technology again.® Two cases
are cons:idered. In the first monitoring of the licensee’s output, by the licensor, is not

possible. In the second monitoring is possible, so a per unit royalty can be used.

1 .Restrictions of this type may encounter legal problems in the U.S. and the E.E.C., [Caves,
Crookwell, and Killing (1983, p.259- 260)]

In Australia, ASTEC (1986) pointed out that banning such restrictions may reduce the amount
of technology transferred into Australia, nevertheless, concern was still voiced that such
restrictions were not in the best interest of the licensee or Australia. Similar concerns are
voiced by other technology importing countries [Teece (1981)].

2

If multiple sales of the technology are allowed, then a problem similar to the durable goods
monopoly problem [Bulow (1982)] arises. In this case, technological knowledge is the durable
good. Consider the following scenario. A monopolist owner of a new technology licenses it

to a firm for a payment of II;. Having received this payment, the licensor calculates that by

licensing the technology to a third firm it will be better off if the sum of two firm’s triopoly

profits are greater than one firm’s duopoly profit. This is possible with linear demand and a

- quadratic cost function. (The licensee could make the same calculation and realise that by

selling the technology, it could also be better off). The original licensee made a payment of

II; for the technology, but now only receives II, (a third of total triopoly profit, assuming
identical cost functions), where II, < II,;. Realising this, the licensee pays less than II,; for the

technology in the first instance. This reduces the likehood of licensing. An enforcable market

share restriction overcomes the problem of multiple sales of the technology

3o
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7.1 No Per Unit Royalﬁy Allowed

Stage Three

A license contract consists solely of a lump sum payment. With marginal
cost increasing in output at home and abroad, a monopolist may license a foreign"
competitor even though it loses monopoly power, because licensing allows a more
efficient _ailocation of world production between home and abroad (m.c. at home =
m.c. abroad). If m.c. was a coﬁstant, then the monopolist would never license a

foreign competitor.*

The licensor’s first best problem is to maximise the sum of its duopoly profit and
the license payment subject to the license payment being less than the foreign firm’s
duopoly profit. .

max {IG@)=I"+1I'} i=H,L C(1.1)

subject to:
o* >, - (7.2)
where [T* is the licensor’s duopoly profit and IT** is the licensee’s duopoly profit

(slanted II is used to denote duopoly variables).

Under conditions where only the licensor knows the technology typé at the time
of transfer, the Revelation Principle allows the monopolist’s problem (if the low cost

technology has occurred) to be written as
max {/I(L) — 1t +15} : (7.3)
1L H ‘
subject to:

b= | (7.4)

4 Rising marginal cost 1s a country characteristic, not a firm characteristic, and can be thought of
as arising from the monopsony model developed in Appendix 1. A new technology which gives
its owner monopoly power (a drastic innovation) is never licensed to a potential competitor if
marginal cost is constant [Katz and Shapiro (1985)].
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and

pr (T — 18y + (1= p7) - (T = 17) > 0. (7.5)

(7.4) is the self selection constraint, because if I* > [” | then the licensor always offers
the contract associated with the low cost technology. (7.5) is the zero expected profit

condition. The argmax of this problem is

[=p* O™ +(1—p*)- o~ . (7.6)

However, there i1s a difficulty with this solution that did not arise when a market
share restriction_v was allowed. When a market share restrictidn 1s allowed the licensor
has no incenfive to transfer the high cost technology if the low cost technology has
occurred, because the licensor and licensee are guaranteed monopoly power over a
certain segment of the market. This is not true when a market share restriction is

not alléwpd.

If the license payment is given by (7.6), then the licensor always transfers> the
high cost technology (as it reduces the competitive threat of the licensee). In fact,
no matter what the license payment, the licensor always transfers the high cost
technology. Knowing this, the licensee is only prepared to pay [ = p* - HII;* + (1 —
p*) - ITH* for the technology. HII;* is the licensee’s profit if the licensor uses the low

cost technology, but transfers the high cost technology.

Therefore, (7.5) should be replaced by

l=p" I +(1-p")- T (7.7)
The licensor then obtains
ok +1 | (7.8)

if the low cost technology occurs, where HILJ is the licensor’s duopoly profit if it uses

the low cost technology and the licensee uses the high cost technology. The licensor
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obtains

o4 (7.9)
if the high cost technology occurs.
Stage Two
In Stage Two
(T +1) , (AF+10k—k) |, and 1% (7.10)

are compared if the low cost technology has occurred. If the high cost technology has

~occurred the following are compafed:

(i + 0, @ + 08 — k) and 1 (7.11)

PROPOSITION 7.1: Relative to the situation in which a market share was allowed
in the license contract, the likelihood of licensing being the optimal mode of technology

transfer is reduced when a market share restriction is not allowed.

PROOF: Assume the low cost technology has occurred.
mE 41 <nlahy + (pr - ml (&) + (1 - p*) - *(ah)), (7.12)

- because (1) the high cost technology is transferred to the licensee rather than the:
low cost technology which implies that marginal costs are not equated at home and

abroad and (2) joint duopoly pr_oﬁt' is less- than joint monopoly profit.

Now

nialy + (pr -t ah) + (1 - p*) - mHr&h)) < 1k + I, (7.13)
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SO

ok v <t 4+ 15 (7.14)

(7.14) implies that the likelihood of licensing the low cost technology falls when a

market share restriction is not allowed in the license contract.

Assume that the high cost technology has occurred. IT + [ can only be offered
if H{} +1is the largest value in (7.10); otherwise, the licensee infers that the high cost
technology has occurred and is only prepared to pay I77*.> Now (7.14) impiies that
TI{(I 4+ [ is less likely to be the largest value in (7.10) when a market share restriction
is not allowed, so IT" + [ is less likely to be the outcome for the licensor when the

high cost technology occurrs.

If [Y][;- -+ [ is not the largest value in (7.10), then the best the monopolist can do

from licensing is to obtain IT# + ITH*. Now
a4 i < 0¥ 4t (7.15)

because joint duopoly profit is less than joint monopoly profit. Therefore, the high
cost technology is less likely to be licensed when a market share restriction is not

“allowed in the license contract. (Q.E.D.)

Two implications follow from the proof of Proposition 7.1. The first is that the
export of goods may now be chosen as the optimal mode of technology transfer. The
second is that the high cost technology need not always be licensed, for ITH 4 TH* <

117 + T1#* and so may be less than II# + I17* — & or ﬁg

Stage One

The monopolist chooses R&D, looking forward to Stages Two and Three, n

5 This is an identical argument to that used in Section 3, Stage 2.
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order to maximise its expected profit.
max p(R) -7t 4 (1- p(R)) e - wR, - (7.16)

where 77 is either ('HII; +0), (L + 12 — k), or flg’(, whichever is greater. Similarly

for 74 6

Foreign Country Welfare and Policy

The policy considered in this section is the elimination of market share restric-
tions from license contracts. In the absence of per unit royalties and after market
share restrictions are eliminated, the analysis of the licensing option is precisely that

_carried out above. To derive the welfare implications of eliminating market share
restrictioxis one must compare the outcome of the monopolist’s problem in Section 3

with the outcome in this subsection.

For simplicity, assume that if a market share restriction was allowed, then tech-
nology transfer would occur via licensing under a separating solution. Also assume
that cost functions at home and abroad are identical. The elimination of the market

share restriction has a price and an R&D effect.

Price Effect

On first sight eliminating market share restrictions might appear to reduce the
“price of output and consumer surplus, ‘because the market structure is changed:
from monopoly to duopoly. However, if it is assumed that the low cost technology

has occurred, then in a separating equilibrium &% > &f. This inequality implies
that the price in the foreign market 1s less than the first best monopoly price.

Therefore, although eliminating market share restrictions would reduce price in a

6 Under the conditions of Section 7.1, the licensee’s subjective probability 1s exogenous as the
licensee can obtain no information about p* from the licensor’s problem. ’

[ Py
pes
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world of complete information this is not necessarily the case in a world of incomplete
information. The effect on consumer surplus when the low cost technology has.
occurred is therefore ambiguous. If the high cost technology had occurred, then
the priée to foreign consumers would fall as under these circumstances the first best

market share is used in the license contract.

RED effect

In Stage 2 above it was demonstrated that removing market share restrictions
from license contracts reduced the likelihood of licensing being chosen as the mode
of téchnology transfer. As a result it is possible that the subsidiary or export option

.1s now optimal.

Assume the export option is now optimal. In Section 4.1 it was shown that
changing the optimal mode of technology transfer from licensing under a separating

solution to the export of goods had an ambiguous effect on R&D expenditure.

Combining the price and the R&D effect implies that the elimination of market
share restrictions has an ambiguous effect on expected consumer surplus of the foreign
country, the exact effect depending on the: parameters of the model. What‘ 1s clear
though is that there is no unambiguous welfare gain from a policy that eliminates

market share restrictions from license contracts.
7.2 Per Unit Royalty Allowed in Contract

Stage Three
COMPLETE INFORMATION

To date only the licensor’s complete information problem has been solved. In

this problem the licensor maximises the sum of its own duopoly profit, the royalty
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payments, and the lump sum payment subject to the lump sum payment being less

than or equal to the licensee’s profit net of royalfies;

Stage Three has two sub-stages. In the first the monopolist chooses the royalty
and the lump sum payment. In the second the licensor and the licensee play a duopoly
- game to decide output. In this second sub-stage the equilibrium cohcept used is Nash

in outputs.

Second Sub-Stage

Given royalty rate r, the licensor and the licensee choose output to maximise
profit while assuming the other firm leaves its output unéhanged. The licensee’s

‘problem is

. * * * 1 [k *
max U =plg+4*) g —;-C(q)—r-q}- (7.17)

The first order condition for this problem is

81]*. dp 1 , : )
= ¢+ p(gtg) - = () ~r=0. (7.18

The second order condition for a maximum is

d2 d 1 "o :
@ gt 42 P'* ~ 2. ()=a <0 - (7.19)
(dg+q))" da+a) 7 |

which is assumed to be satisfied.
Solving (7.18) for ¢* gives

q*(g,7,7). ’ (7.20)

The licensor’s problem is similar to the licensee’s except that no royalty rate appears

‘in the problem. The first order condition is solved for

a(a”, 7). | (7.21)
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Combining (7.20) and (7.21) gives the equilibrium values of q and ¢* as functions

of r and ~. Let these equilibrium values be given by

q(r,y) and q*(r,7).

(7.22)

Appendix 17 outlines the conditions necessary for these equilibrium values to be

stable.

Substituting (7.22) into (7.17) gives maximised profit as IT*(q(r,7), ¢*(r,7))

Sirhila.rly, maximised duopoly profit for the licensor is given by H(q(r,'_y), q*(r,'y)).

First Sub-Stage
The monopolist chooses 7 and | to maximise its profit.

Problem 9:

max  {Ig = [ (g(r),q"(r)) +1+7-¢°(r)}

subject to:‘ :
()21
At a solution, (7.24) always binds, so the F.O.C. for Problem 9 is

aﬂd_a_ﬂ alrx 3q*+*
87'_(9r+(9r+r or 7

Using the envelope theorem

811, dp aq* dp

— .qa- 44— *.__+
or dlg+q) o Tdlgrq) ! §

The first order condition for a maximum is

0y
or
~130

0.

or o

(7.23)

(7.24)

(7.25)

(7.26)

(7.27)



In Appendix 17 1t is shown that the second order condition for a maximum is satished

when linear demand and linear marginal cost is assumed.

Assume that ¢(q) = ¢*(¢*) which implies that ¢ = ¢*. This assumption allows

condition (7.26) to be written as

oI, dp dq* Oq -
la _ o % 7.28
or ~ dgt+q) ¢ <3r T o) (7.28)

at r =.0. In Appendix 17 it is shown that

d¢* @>:<<2__dp___l “__ﬂ_) A)
(57“ T o dg+q) v °  dg+q) /

(7.29)

Therefore, at r = 0,
ally
or

> 0. (7.30)

This implies that the optimal royalty rate for the monopolist is greater than zero.

The prohibitive royalty rate, r,,(that rate at which it is optimal for the monopo-
list to transfer technology via the export of goods rather than by license) 1s obtained
by setting ¢* = 0 in (7.18) and then solving for 7. That is,

B | -
rp = Plgm) = < (47 = 0), (7.31)
where ¢, = the output that maximises monopoly profit when the export of goods is

used as the mode of technology transfer. At r,, (7.26) becomes

oll; _ dp 9¢* 8q”

- g iy | 7.32)
or dg, Or (m T Ty or - ( )
Substituting (7.31) into (7.32) gives
. emy (dp - 1 \ og*
— - QG m) — —-c* (gt =0)] - ) 7.33
e (dqm in o)~ (= 0)) - L (7.33)
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Now at 7,
dp

1
P ) — gt = 0) = 0 (7.34
o1 P(gm) S (¢* =0) )

from the first order condition for a maximum. Also at Tp, gm > ¢F = 0,50
(g =0) < (gm) - (7.35)

Combining (7.33), (7.34), and (7.35), and utilising a result from Appendix 17 that
%q; < 0 implies that at r, i
oIl

or

<0. : (7.36)

That is, the optimal royalty rate for the monopolist is less than the prohibitive rate.
Let the optimal royalty rate be given by 74(~).

PROPOSITION 7.1: Under conditions of linear demand and linear marginal cost,
where c(q) = c*(q*), the optimal royalty is greater than zero and less than the
prohibitive rate, 0 > 75 < r,. Therefore, the export of goods is never an optimal

mode of technology transfer.

PROOF: See (7.30) and (7.36) above.

The optimal réyalty rate is greater than zero, because at » = 0 an increase in r
causes a net rise in total revenue (see (7.30) and (7.28)). The optimal royalty rate
1s less than the pfohibitive réte, because at 7 = r, a decrease in r allows ¢* to rise.
This in turn increases total :i)roﬁt, because a more efficient allocation of prbduction
between home and abroad is achieved (remember that marginal cost rises at home

and abroad).” The solution to Problem 9 is shown in Figure 17.

IT*(-) is binding constraint (7.24). In Appendix 17 this constraint is shown to

be convex in r for linear demand and linear marginal cost. [ represents a global

7 The licensor’s problem can also be thought of as maximising gross dliopoly profit by choice of

o
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iso—profit curve which is also convex in r. Although the constraint and the global
1so-profit curve are convex, in Appendix 17 it is shown that the S.0.C. for a maximum
1s satisfied which implies that point A does in fact represent a maximum. The object

of the licensor is to get on the highest global iso—profit curve, given H*(-) > .

To date the licensor’s Stage Three incomplete information problem has not been
solved. As in previous sections, this problem involves self selection and participation
constraints as well as another constraint which guarantees that the low cost technology
is actually transferred whenthe low cost technology occurs. This problem does not
have nice curvature properties, and in particular global iso—profit curves do not exhibit
the single crossing property. A proposed area of future research is to solve this
_problem or at least do some simulations to see how ‘altering the parameters of the

model influences the solution.

r, because
Hy=I+1I" +7-¢"
=pla+q ) a—cle)+pla+q") ¢ —clg")—r-¢" +r-¢" (7.37)
=plg+q") (g+4") —clq) ~ c(q”)
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| Figure 17

1= 0

T
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CHAPTER VIII
Conclusion

This thesis has developed a partial equili.briurn'model of international technology
transfer in which both the extent of technological change and the mode of technology
transfer are endogenous. Having developed this model, ‘the model was then used
to analyse the welfare implications of various policies that are often enacted or

recommended in practice.

The extent of technological change was endogenised by explicitly considering the
problem faced by a monopolist owner of a new technology that is trying to lower its
production costs by undertaking R&D expenditures. It was assumed that more R&D

increases the probability that production costs are lowered.

Thé mode of technology transfer was endogenised by explicitly considering the .
problem faced by a monopolist owner of a new product/technology that is trying to
maxinuse global profit by transferring the technology‘ abroad. The modes of transfer
" considered were (1) the export of goods, (2) production abroad in a wholly owned |
sﬁbsidiary, and (3) licensing of a foreign producer. A fixed cost, k, was assumed
to be associated with subsidiary production while transfer via license was assumed
to involve an information asymmetry. The interactionj between the fixed cost and
the information asymmetry determined whether technology transfer occurred via a

license agreement or via a wholly owned subsidiary.

In a world where the new technology was either high cost or low cost and where
the license contract was characterised by two variables that are often found in license
contracts in practice, namely, a market share restriction (a) and a lump sum license

payment (!), the following results were obtained.
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1) Given convex cost functions at home and abroad, licensing always dominated

the export of goods as a transfer option.
2) The high cost technology was always licensed.

3) The low cost technology was more likely to be licensed (i) the greater was k and
(ii) the greater was the licensee’s subjective probability'that the low cost technology

had occurred.

4) The size of the technology difference between the high and low cost technolo-
gies had an ambiguous effect on the likelihood of licensing. This effect depended on

the parameters of the model.

| 5).In a pooling equilibrium, or in a separating equilibrium where the low cost
technology had occurred, the market share of the licensor was greater than that which

‘maximised joint monopoly profit.

Using the sum of expected consumer surplus and expected monopoly profit as
a measure of expected welfare for the home country, the implications of banning
technology transfer via license or subsidiary were derived. In general, the welfare
effects were ambiguous depending on the interaction of a profit, price, and R&D effect.
In all cases, the profit and price effects reduced expected welfare. The ambiguity arose -
from the possibility that R&D expenditures might increase as a result of the ban. In
the informal literature on international technology transfer this possibility is never

" considered.

For the foreign country the welfare measure used was expected consumef,sur-
plus, and the policy considered was a ban on subsidiary production. Once agamn
';Lhe welfare effects of such a ban were found to be ambiguous, because the price re-
sponse increased expected consumer sufplus while the fall in R&D decreased expected

consumer surplus. Income taxation was also introduced into the welfare analysis,
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however, ambiguous results were still obtained.

Given .these arhbiguous welfare results a case by case approach to policy may
be necessary though the information requirements of such an approach might be
prohibitive. Nevertheless, the model developed above considers welfare effects. that
have not been formalised before and which are important in any proper analysis of

policy regarding technology transfer.

A number of extensions to the basic model were considered. The first being an
increase 1 the number of possible technology types. This increased the complexity

of the problem, however, no new majior insights were obtained.

The second extension was the inclusion in license contracts of another variable
often found in practise, namely, a per unit royalty. The following results were

obtained.

1) In a separating equilibrium the optimal value of the per unit royalty was set
at zero for the contract associated with the high cost technology while 1t was positive

in the contract associated with the low cost technology.

2) In the pooling equilibrium the optimal value of the per unit royalty was greater

than zero.

3) The inclusion of a per unit royalty increased the likelihood that the low cost

technology would be transferred via a license agreement.

4) The amount of R&D undertaken in a separating equilibrium increased with

the inclusion of a per unit royalty in the license contract.

The welfare implications of various bans on technology transfer remained.am-

biguous though the extent of the R&D response changed.

The third and final extension involved removing the market share restriction

from license contracts, so that licensees become competitors of the licensor. ‘At this

<
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stage, only the complete information licensing decision has been analysed. The major
result obtained being that with linear demand and linear marginal cost the optimal
per unit royaity 1s greater than zero. The per unit royalty is used to reduce the
competitive effect of the licensee on thé licensor. Therefore, first best license contracts

are characterised by a per unit royalty and a lump sum license payment.

A proposed area of future research is the solving of the incomplete information
licensing problem when no market share restriction is allowed in the license contract.
Another possible extension is the introduction of another stage before the monopolist
attempts to lower its production costs. In this stage a number of firms would be

involved in an R&D race to discover the new product/technology.
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" APPENDIX 1

International trade theory usually assumes constant, or more recently, decreasing
marginal cost. Therefore, some justification for assuming increasing marginal cost is
required. Assume that the new product is produced with a constant returns to scale
technology, but that the monopolist has monopsony power over one of the factors of
production. This can generate a convex cost function, and if factors are not mobile
internationally a convex cost function may exist at home and abroad. More formally,
let skilled labour, SL, be in fixed supply, SL. Assume that this skilled labour is used
to produce two goods, X and Y, where X is produced under competitive conditions
and Y is the new product produced by the monopolist. Assume X is produced with

a Cobb-Douglas production function given by

X = (SLx)*: Kb where a+b=1. (A.1.1
. rC'flompetii;idn ensures that the wage, w, is given by

| w=: kY a(SLx )™  (A12)
,‘I.\Asskiiii:je' K:ts a specific factor used only in.the production of X; then wis a decreasi‘ﬁg
fonction of 'STix. Assume Y is produced by a fixed coefficient production function

given by

Y = ‘d-(SLy). (A.1.3)

"I‘h.e c:r;)st, of Y units-of output is'given by
| Cy)=w- . O (Al4)
Substituting for w yields |
C(Y) = aR(SL - -}di)a-l - %  (A.L5)

which 1s a convex function of Y. Clearly, monopsony power over a factor of production

can generate convex cost functions.

Production at home and abroad could also be generated by the plant location
model outlined in Appendix 12. In this model marginal cost is constant. The
convexity of the cost function arises from a cost of servicing consumers which 1s -
assumed to increase with the distarice from the plant. It would be possible to redo
the analysis of this thesis'with the plant location model though no new insights are

expected to arise. .
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APPENDIX 2

Maximised profit as a function of « i1s given by

I'(a) = p(g(a)/a) - ¢'(a) - ¢(¢'()).

Using the enveldpe theorem gives

dile)  _dp (¢*(a))
do dl¢*/a) . o?
Now g
- ap

_—_— 0’

d(g*fa)
because demand curves are assumed to be downward sloping. Therefore,

dIT*(a)

0.
da

Differentiating (A.2.2) with respect to a yields

i) dPp .('qi(a)_; f_ig_)_(q%a))?

- o a da

(da)?  (d(gi/a))’

_dp (@) .
d(q*/ ) ol d(¢'/a) o2 da’

o’

+2

Rearranging (A.2.5) gives

Eie) (@) ([ d%  ge) , dp 1Y (| da
(da)2 =~ a2 ((d(qi/a))z 7 12 )(1

d(¢'/a) «
Total revenue, TR, is given by
TR = p(g'(a)/a) - ¢'(a).

Differentiating (A.2.7) with respect to q* yields

oTR  dp .
g - (g o) (g (.a)/a),+ p(q (a)/a)

146 .

dp ga) dg

(A.2.1),

(A.2.2)

- (A2:3)

(A.2.4)

(A.25)

). (A.2.6)

(A.2.7)

(A.2.8)



and

*TR d*p ¢*(a) +9
(9¢" ) (al(qi/a))2 o?
(A.2.9) is the second term in (A.2.6).

D 1
d(qf/a) = (A.2.9)

~ From total differentiation of first order condition (3.3) in the text

dg «a _EZTR | 521“3— B2 - '
do qi(a) - (aqi)2/((aqi)2 (dqz)2> (A210)

The denominator of (A.2.10) is second order condition (3.4) in the text. I total

revenue 1s a strictly concave function of ¢, the cost function is a strictly convex

function of ¢, and the second order condition for a maximum is satisfied, then

0 < -2 . — 1 . “(A2:11

S da gfa) © ( )
and dZH'( )
"«

A212
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" APPENDIX 3

Proof of Proposition 3.1
The usual formulation of the monopolist’s global profit mdximising problem is
‘max  {II(s) = p(gs + q5) - (g5 + g5) — c'(g5) — "(g5)} (A3.1)
9595 . . : ‘

The first order conditions are

ONGE)  dplgs +98) i L i i, ey dE _
— = e v (95 +d8) +plds+45) — -7 =0 (A.3.2),
Oqs. d(gs +45) dg
and 311(’) dplq’ ) . d“'
L p(gs + q§ i iy i % c* .
= T (65 +ds) +ples +e5) - — =0 - (A33
95 - d(qs + ¢5) (g5 + 45 ST gy )

Assume that the second order conditions for a maximum are satisfied. Also assume

that the solution to (A.3.2) and (A.3.3) is unique, and given by ¢% and qz.

Using the market share formulation, world demand is divided between the home
and foreign firm. The monopolist’s global profit maximising problem in the second
sub-stage is given by | ’

m'ax .{Hi + ™ —k = P(qi/a) : qi - Ci(qi) :
R . o (A.3.4)
+ P (q“/(l . a)) X q?* . C_“(qm*) _ k}

The first order conditions are

(T 4 TI™* — k) dp . o odd
: = : g/ ) + Ya)-— =0 (A.3.5
and 8(H' HA' b d,.
1 _+_ »* ] * i o )
e Ty @)
: dc™* . o
+9p"(¢" /(1 -a)) — — =0. o
Substitute .
o= 35 (A.3.7)

qs + g%
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into (A.3.5). By assumption, the solution to (A.3.5) is unique and a maximum. If ¢*

1s chosen so that
' ¢ = g5, . (A.3.8)

then (A.3.5) is identical to (A.3.2) calculated at (q}g + q;g) Therefore, (A.3.5) is
satisfied if (A.3.8) holds. The uniqueness of the solution of (A.3.5) guarantees that
(A.3.5) is the only solution possible. |

A similar argument establishes that if (A.3.7) holds, then

~

¢ =gy S~ (A39)

is the unique solution to (A.3.6). Therefore, if o is chosen so that (A.3.7) holds, then |
the market share formulation duplicates the solution obtained from the more usual
formulation of the monopolist’s problem However is the -« of (A.3.7) the optimal a

for the monopohst'?

In the first sub-stage the monopolist chooses o to maximise (3‘5) of the text
subject to (3.6). If (A.3.7), (A.3.8), and (A.3.9) are substltuted into “is T of the text,
the following is obtained

dIl dp

= ()
de d(qs + q¢) d(qs + %)

dp

_(qS +q ) : - (A3.10)

Inspection of (A.3.10) reveals that if « is given by (A.3.7), then d—drli = 0. This is
the first order condition for a maximum, and the uniqueness of the solution to (3 8)

guarantees ‘that

A

di:-—ﬁi——, | (A.3.11)
q5+q

where o' is the optnnal cholce of a. leen oﬂ it was seen in (A.3.8) and (A.3.9)
above that ¢* = qS and ¢'* = ¢¢. This is the solution obtained when outputs are

chosen to maxinuise global profit. (Q.E.D.)

At the optimal «, given by (A.3.11), it is also true that p = p*, because .

(¢/a) =q"/(1 —a) = w5+q) - (A3.12)
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APPENDIX 4

For a given a, price is given by

Differentiating with respect to o gives

Cdp 1 dp (dg  g(e)
da  a )

da a d(gq/a)

From (A.2.10)in Appendix 2 .

da  a -

dg _ q(e) (8*TR, °TR  d’c
da (Gar /Gy " (o)

By assumption

0’TR d?c
<0 and >0,
(99)? (dg)?
s0 J
0< ¢ 9(a)
do a
Therefore, -
P g
da '

That 1s, the largér i1s the market share thevhigher 1s the price:

(AA1)

(A42)

(A4.3)

(A.4.4)
(AA4.5)

(A.4.6)

The importance of the strict convexity of the cost function for this result is seen

by assuming that (%j% = 0. In this case,
dg _ (a)
do a
and J
P _ .
do

That is, price does not change as the market share changes.
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APPENDIX 5

Renegotiation Costs

Once the licensee has received the téchnology and discovered its type, renegotia-
" tion of the license contract is feasible whenever the license contract specified a market
share other than that which maximised first best global monopbljr profit. This follows,
because moving to the first best market share results in greater joint profits which

can be divided between the licensor and the licensee to obtain a Pareto improvement.

The license contracts specified in mechanisms (3.31) and (3.42) both coentain
market shares which do not maximise first best global monopoly profit. Therefore, a

net gain of . :
(e + (@) = (@) + I*(@Y) - (As)

is available to be renegotlated over after both the licensee and the licensor are made
as well off with o as with o (where o is the market share offered in the pre-
renegotiation license contract). That is, renegotiation should always occur given
mechanisms (3.31) and (3.42). To obtain the Pareto improvement, the licensee must
know the technology type at the time of renegotiation; otherwise, it does not 'know '
how much to compensate the licensor for the. hcensor reducmg its market sha,re to af.

That is, II*(o*) must be known to the licensee.

In the static model developed in Section 3.1 of the text, the technology 1s revealed ,
to the licensee on transfer. However, in practise, numerous production runs may be -
necessary before the licensee is sure of the technology type, because the licensee is
using the technology for the first time and requires actual production to iron out any
bugs. This delay in discovering technology type delays the renegotiation process, and

_ introduces the possibility that renegotiation is costly.

For example, assume that efficient production requires irreversible capital outlays
or labour employment committments. The licensor knowing that the market share is
going to be renegotiated to its first best level is reluctant to install capital and make
employment committments that would ensure efficient production with the market
share in the pre-renegotiation license contract. Therefore, over the renegotiation
period output is produced inefhiciently, and this inéfficient productidn can be viewed

as the cost of renegotiation. If this cost outweighs the net gain from renegotiation,
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then renegotiation will not occur. This is more likely the larger is the delay the
. licensee experiences in discovering technology type and the shorter is the period for

which the monopolist has monopoly power.!

Costly renegotiation arose by introducing time and committment into the analy-
sis, yet both of these elements are not in the static model developed in Section 3.1. It
is really inappropriate to justify the lack of renegotiation in a static model by appeal-
"ing to dynamic factors that are not explic’itly modelled. wae\}er, as the inclusion of
these factors would complicate the analysis greatly; prohibitively costly renegotiation -

is assumed.?

Costless Renegotlatlon

If renegot1at10n is costless, the analysis of Section 3.1 must be arnended Let
the probability, p*, be such that the separating solution is chosen by the licensor
and let the low cost technology occur. Mechanism (3.31) states that the license
contract is given by (a?, IL) . Once the licensee has obtained the technology a Pareto
improvement is possible, because the market share in the contract does not maximise
first best global profits. However, if renegotiation of the market share is allowed,
then mechanism (3.31) no longer satisfies self selection constraint (3.25).3 In fact,
allowing renegotiation of the market share after the technology is transferred alters

the maximisation problem of the licensor.

Assume that the low cost technology has occurred. The net gain from renegoti;

1 Monopoly power may only be temporary if the firm which discovers the new product /tech-
nology is competing with other firms in an ongoing R&D struggle. In this case, the firm with
monopoly power transfers technology as soon as possﬂ)le 1n order to reap monopoly profit for
as long a perlod as possible.

This assumptlon and the use of dynamic arguments to ratlonahse it has precedence in the
literature. In an asymmetric information model of strikes Hayes (1984) assumed away renego-
tiation. Later attempts were made to rationalise this assumption by appealing to reputation
in a repeated game. Char (1983, p. 118) also assumed away renegotiation, and provided a
rationalisation by appealing to a reputation model. However, it must be admitted that prece-
dence in the hterature does not provide a justification for employing dynamlc arguments in a
static model, though it is the best the author can do.

With mechanism (3.31), the licensor offers the contract associated with the low cost technology
even if the high cost technology has occurred as long as the licensor is able to obtain some of
the net gain from re.n'egotiating the market share. Therefore, mechanism (3.31) 1s not incentive
compatible. :
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ation 1s given by

() + 12 (@H) — (I5(ah) + 1 ))) (A52)

L -

where a” is the market share in the license contract which is offered pre- renego-

tiation. Let 6 be the proportion of the net gain that goes to the licensor in the

renegotiation process. Assume the low cost technology has occurred. The licensor’s

problem 1s

Problem A.5.1:

max  {TI(Ly) = TH(a?) + 0( (L2 + %) - (1¥(ab) + m*(ah))) + 15} (A5.3)
' subj.ect to:

fif (6" ﬁH*(&H) > 45 (ak) +9((HH L %)
(5o A HHL*(aL)')) i (A.5.4)

| b (aty > 1tk - (A.5.5)
Given 6 and (&7 = [17*(&")), the licensor chooses (o, IL) to maximise (A53)
subject to (A.5.4) and (A.5.5).

Initially 1t 1s assumed that the licensee has all the bargaining power in the
renegotiation process, so it is able to extract all the net gain; that is, § = 0.
Substituting § = 0 into Problem A.5.1 ylelds Problem 1. Therefore, in this case,

the possibility of renegotlatlon does not alter the mechanism chosen by the licensor.

- However, what if the licensor has all the bargaining power, so § = 17 Given

(af, ZH), substituting 6 = 1 into Problem A.5.1 yields the following problem
Problem A.5.2:

al 1L

max {I(Ly) = e 4t - HL*(aL) + lL} | : (A.v5.6)

’

subject to:. ' ‘ .
0% h) > 1%, | - (AsT)
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¥ (af) > 12, " (A.5.8)

Now
nél oy < et), o0<af<1  (A5.9)

and
i oly = 1t (at), ot =1, (A.5.10) .
“so if (A.5.7) is satisfied, then (A.5.8) only binds if of = 1. This implies that
the objective function is maximised when al = 1; otherwise, & (a?) > 1* and

maximised profit is less than ITI¥ + I1%*. Therefore, the separating solution is given
by ' '

@&HiLy . (ot =1L =0) (A5.11)

when 6 = 1. When (al =1, ZL = 0) is the license contract offered, the licensor is able
“to obtain IT¥ + IT2* which'is the first best global profit maximising outcome. The
intuition for this result is clear. In effect, the licensor provides the low cost technology
to the licensee free of any payment, but does not allow the licensee to produce any -
output, (ol = 1). The licensee then discovers the technology type and is prepared to.
pay L' = II¥*(al) for the right to a market share of (1—a). To maximise global profit |
the licensor allows the licensee a market share of (1 — dL), and so obtains complete
information profits of I1¥ + I1£*.

For 0 < 6 < 1 the licensor obtains profits between (I1¢ + 1£*) and (F + M12*)
when the low cost technology occurs. Therefore, in cases where 0 < 6 < 1, the
possibility of renegotiation of market shares after the technology is transferred means

that mechanism (3.31) is no longer optimal for the monopolist.

The value of § is important in determining the optimal values of  and [ in the
license contract. For example, if § = 1 and costless, instantaneous renegotiation takes
. place, then the licensor is able to obtain first best monopoly profit. What value of §

might be expected?

In caée_s where there is no delay in the licensee determining technology type and.
where there are many potential licensees, § = 1. If the first licensee that is offered
(ot = 1,1F = 0) does not agree to a license payment of [Z = II** and a market
share of &% in the renegotiation,-then the licensor simply refuses to renegotiate and

offers (o = 1,1% = 0) to another potential licensee. Competition ensures that the
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first licensee offered (a* = 1,1 = 0) pre-renegotiation and offered ( L lL) durmg

renegotlatlon accepts the offer. Therefore, § = 1.4

 However, if time and production of output is needed for the licensee to determine
technology type, then & < 1. The licensee has some bafgaining power when it
determines technology type, for the licensor can not immediately offer a license
contract with renegotiation to another license, as it takes time for the other licensee to
discover tecllnelogy type. In the meantime, the licensor’s market share is greater than
the first best joint profit maximising level. Therefore, the licensor may yield some of
. the net gain from renegotiation to the licensee in order to obtain the benefit from the
efficient allocation of resources that occurs when a = &%. The licensor can not sqlve
this problem by offerring (ol =1,1F = 0) to many potential licensees and then only
renegotiate with Qne, because the licensee uses up resources in determining technology
type and may not be prepared to undertake production to determine technology type

unless guaranteed some market share

Once agam tlme has been mtroduced into a static model to explain why 6 may
be less than one. - The inappropriateness of this is realised, but can be defended on

the grounds of simplicity.

If 6 < 1, then first best global mohopoly profit can not be achieved by the licensor,
and a choice still has to be made between licensing and subsidiary production as the
mode of technology transfer. With renegotiation allowed, the. price of output is the -
same 1n the licensor’s and hcensee s market, thus eliminating the 11eed to assume

costly arbltrage

" 4 This result is weakened (1) to the extent that ¥ = 1 is more difficult to enforce the greater the
number of licensees that are given the technological information and (2) if there are substantial
legal costs in writing license contracts.

5 This also leads to différent welfare implications than those obtained in the text.
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APPENDIX 6

The Relationship Between & and ak.

Quadratic Cost Functions

A quadratic cost function implies that marginal cost is linear. From (A.3.2) and

(A.3.3), at the first best optimum, marginal costs at home and abroad are equated.

Therefore,

a+b-gf =c+d- g7
Rearranging (A.6.1) gives : :

: o : AH*:(a—c)_*_b-QH

K d d

From (A.3.11)
~H
~H q

gl + @%O + %,' GH
Dividing the top and bottom of (A.6.3) by g yields
v : _ .
aH = 0 :a.—c :b
1+ d-(iH + d
By assumption

1
O - (), where y>1,

s0 at the first best optimum
1 ) 1 o Ley
—(a+b-¢")==-(c+d-¢").
i Y

Rearranging (A66) gives
: 1
9 A S
- parsa—
1+ quLl + 8
If @ = ¢, then from (A.6.4) and (A.6.7) |

& = sl
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(A6.1)

(A.6.2)

| (A.6.3)

(A.6.4)

:(»A:é'5)

(A;‘6_.6).

(A6.7)

'(A,e.s)



. That is, o s independent of  if the intercepts of the marginal cost curves at home
and abroad are identical. If @ > ¢, then &% > &, because at the first best optimum

it is always true that ¢¥ > ¢ as long as the world demand curve is not vertical.

Quadratic Marginal Cost Curves

Let the marginal cost curve take the following general form
e+ f-(3)? (A.6.9)

At the first best optimum

a+b (¢M)V =c+d (§7)2 ~ (A610)

Rearranging (A.6.10) and substituting into o gives

= : ' ' (A.é.n)

and

al = .  (A6.12)

Once again &* = & if a = c.
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APPENDIX 7

When contracts that are contingent on an announcement by the licensor of
technology type are allowed, the monopolist’s problem when it is assumed that the
- low cost technology has occurred is

max  {I(L) = IE(ak) + 15} (A.7.1)

a”,l”,aL,lL

subject to:

4oy + 17 > m# () + 1F, (A7.2)

nt(aly + 1k > (o) +.1%, | | (A.7.3)
ot (T (ab) = 15 4 (1 = p*) - (T4 (aH) — 1) > 0, (A74).

At the solution to this problem the only constraints that bind are (A.7.2) and (A.7.4).
The self selection constraint (A.7.3) does not bind, because the licensor is trying to
maximise HL(aL)+ I* which is the left hand side of the constraint. Constraint (A.7.4)
binds, for if not, it is possible to increase the objective function by increasing both 1L
and 14 equally and still continue to satisfy constraint (A.7.2). Similarly, constraint
(A.7.2) binds, for if not, the objective function could be increased by increasing I*

“and decreasing I in such a way that (A.7.4) continues to bind.

The simplest way to solve this problem is by substituting the binding constraints

into the objective function. To do this, rearrange (A.7.4) to give
B L@ ak) - by n (e, (A7)
1—=p7) . B - o
Next, substitute (A.7.5) into (A.7.2) to yield _
e af) = p ¥ (o) + (1 — p*) - (M (o) + TH (o) — T L(aL)). (A.7.6)
(A.7.6) is the equation of the locus obtained by combining con_strainfs (A_.7.4‘)' and
'(A.7.2). Substituting (A.7.6) into the objective function yields Problem A.7.1.
Problem A.7.1: ' o
‘max - {II(L) = HL(aL)'—I— p*HL*(aL)

aH ol

+ (1 ;p*)_ (HH*(aH) -{—HH(O(H)}— HHL(iaL))}_ .' : (A.7.7)
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- The first order conditions for Problem A.7.1 are

(L) df(at)y , dib*(ah) . dIHEL (D)
dal — dat TP T gar T T =0 (A.78).
and ‘ H H) H H)
ATI(L) o dITE*(QHYy 4 (o _
W] =(1-p")( dal T T oE )=0. (A.7.9)
The second order conditions for a maximum are
O°T(L) . d*Tik LTIHE d2riLe .
_ —(1=p") ——— <0 A.7.10)..
@al? ~ (dakpp ~ ) (o VO fgury <00 (ATI0)
and o
' (L I . R
O°I(L) _ &7 il 0. (A7.11)

(el T (daB 2 T (dafly ©
By the concavity of IT1¥ () andﬂH*(d),.(A.'T.ll) is satisfied. However,

. d2HHL dZHH
(dal)? = (daH )2

< 0, o (A.7.12)

so (A.7.10) may not be satisfied. A sufficient condition for (A.7.10) to be satisfied 15

(1 *) dZH_HL+ . diH‘L*
P77 (e T (dal)?

<0. (A.7.13)

The left hand side of (A.7.13) gives the curvature of locus (A.7.6), for a given off. If

this locus is concave in a’, condition (A.7.13) is satisfied, and the solution to (A.7.8)

and (A.7.9) is a maximum. Assume p* is large enough for (A.7.13) to be satisfied.

(A.7.9) implies that : ' o ’

| anf  qnie |

— = A.7.14
datl da L ;. )

which is the condition for first best global profit maximisation if the high cost tech-

nology occurred and the technology was transferred via a subsidiary. Therefore, the
solution to (A.7.14) is afl = &H.

(A.7.8) implies that at a maximium’

ant . dri L ., dn¥ | ’

“dal -~ dat
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Let the solution to (A.7.15) be given by &%. Now

duft  qnf ant g
ol Tdafl S dal T dat %

(A.7.16)

! Substituting the relationships of (A.7.16) into (A.7.15) implies that at &

dmt . (1 '*) d L
P dal

dnL*’
dot )

dal

*

— p .

(A.7.17)

(A.7.17) together with (A.7.13) and the concavity of IIZ(a’) imply that &* > &f,
L is increased from & the left hand side of (A.7.17) falls while the
right hand side of (A.7.17) increases until eventually (A.7.15) holds. The soluhon to
‘Problem A.7.1 is illustrated in Figure 18.

because as «

1L(a" al) is the locus obtained by combining constraints (A.7.2) and (A.7.4),
given off = &H . This locus passes through point A, where L = [# = | = p* . ITl* +
(1 — p*) - TI#* and point B, where I¥ = T1%*(&). The objective of the licensor is to |
get on the highest possible global iso—profit curve, given the low cost technology has
~H

occurred and given (&%, al). This occurs at point C, and the mechanism chosen

by the monopolist ‘to maximise pr(_)ﬁt 15

&7, 01 5 (@hih) . ) (A.7.1'8)'

I is obtained by substituting & and & into (A.7.6), and 1" is obtained by _sul)sfcif
tuting &ff al, andZL into (A.7.5). That is, given & and dL, I and I¥ are obtained
simultaneously from the binding constraints (A.7.2) and (A.7.4).

If the monopolist announces that the high cost technology has occurred, the
license contract is given by (&# ZH). If the low cost technology is announced, the
license contract is given by (&% lL) The intuition for the global profit maximising
market share being used in the high cost technology contract follows from the desire
to make the left hand side of constraint (A.7.2) as large as possible which, given .
~ (A.7.4), is achieved by maximising I () 4+ IT#*(a!). The intuition for aL being

greater than the global profit maximising share in the low cost technology contract

follows from (A.7.17). This condition states that an increase in af, at &L, causes a
S L : H L .
net increase in the objective function, because t;_gﬁ %

drit
dal -
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Figure 18
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The optimum for the monopolist may have occurred on I£(&¥ , o) to the right
of point B. However, this would involve [X > ﬁL*(dL) which presently will be shown
to be not feasible. ' o

If the high cost technology had occurred, then the objective function of Problem
A.7.1 would change to HH(aH) + 1#. "In Appendix 8 it is shown that maximising
this objective function subject to constraints (A.7.2), (A.7.3), and (A.7.4) yields the
following mechanism » )

| @ty (&b . (AT19)
in which I# > 11*(&"), &% < &¥ | and ot = &L.

- As (A.7.18) differs from (A.7.19), the mechanism offered by the licensor depends
on the technology that actually occurred. The licensee can use this information to
make an inference about the technology type and make mechanism (A.7.19) infeasible
in practise. That is, knowing that mechanism (A.7.19) is the optimal choice of the high
cost licensor allows the licensee to infer that the high cost technology has occurred
otherwise, mechanism (A 7.18) would have been offered. Making this inference means -
mechanism (A.7.19) is infeasible, for s HH*(aH) and the expected profit of the

licensee is less than zero.

Using a similar argument, it is clear that mechanism (A.7.18) is not feasible if
LN ﬁL*(&L ). Therefore, a further constraint must be put on Problem A.7.1, namely,
that ' : : | , _ ' o

E<ntaly, (A.7.20) °
In cases where [*(&f al) is concave and the solution to Problem A.7.1 without
constraint (A.7.20) lies to the right of point B, the effect of Const?r»aint (A.7.20) is to
cause a corner solution at point B. If the solution to Problem A.7.1 lies to the left of
point B, then constraint (A.7.20) is not binding. In this case, even if the licensee infers
from the offer of mechanism (A.7.18) that the low cost technology has occurred, then .
_ the licensee will still participate in the mechanism, because I¥ < I:IL*(&L). Using the
- terminology of Myerson (1983), mechanism (A.7.18) is a core mechanism, and is the
only mechanism that is incentive compatible in practise, given the inferences that the

licensee may make about the technology type from the licensor’s mechanism offer.

In cases where the second order condition is not satisfied in Problem ATl a
corner solution arises at point B in Figure 18. This is because at point A the absolute

value of the slope of the global iso-profit curve. 12L 1s greater than the absolute value
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of the slope of I£(a”, al). This togethér with the requirement that (& < MME*(&h)

gives the optimal mechanism as
@& @&k, - (AL7.21)

This mechanism is represented in Figure 18 by points B and E.

Mechanism (A.7.21) involves a different license contract for each state. In solVing
Problem A.7.1 the pooling option was available, but never chosén, so mechanism

(A.7.21) must dominate the pooling mechanism.
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"~ APPENDIX 8

Assume the high cost technology has occurred, the monopolist’s problem is

Problem A.8.1:

max {lI(H) = HH(dH) + 1y - (A8.1)
subject to constraints (A.7.2), (A.7.3), and (A.7.4) in the Appendix 7. |

At the solution to Problem A.8.1 constraint (A.7.2) does not bind, because
the licensor is trying to maximise IT# (af1) + I which is the left hand side of the
constraint. Constraint (A.7.4) binds, for if not, it is possible to increase the objective -
~ function by increasing both ¥ and £ equally while continuing to satisfy constraint
(A.7.3). Similarly, constraint (A.7.3) binds, for if not, the objective function could be
increased by increasing [ and decreasing 1% in such a way that (A.7.4) continues to
bind. Substituting constraints (A.7.3) and (A.7.4) into the objective function gives
Problem A.8.2. : | |

‘ Problem A.8.2:v

max {I(H)= HH(C!H) +(1~p")- HH*(‘?“H-)

of ol '
’ AS8.2
+p'(HL*(QL)+HL(aL)—HLH(OlH))}. ( )
The first-order conditions for Problem A.8.2 are v » .
ON(H) dl¥ dIiit= ditH '

— — 0% s p - — =0 A.8.3
A dafl " daof + (1 F) dofl P Qo _ ( . )

and ATI(H) ab amby B |
i P AR —)=o. (A.8.4
dal ( dot i daL> ( )

~-Assume that the second order conditions for an interior maximum are satisfied.
Condition (A.8.4) implies that o = &%, while condition (A.8.3) coupled with the

following inequalities

H 1L H He | L
di i Al AT s (A.8.5)
_ dafl dot dafl dofl .
i_mplies‘that & < afl Given & L

and &L, [# and £ are obtained from the
'simultaneous solution of (A.7.3) and (A.7.4). ' '
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APPENDIX 9

L
Proof that dHH < dr[

When 7 is expllmtly cbnsidered,. problem (3.2) from the text can be written as

L | = _
max  {Il(g, e, 7) = plg/a) - q - - ~e(9)}- (A.9.1)
The first order condition for this problem is
oll dp | "1 dc » ‘
89 = dgjey (P50, —
Assuming that the second order condition for a maximum is satisfied gives
P dp g, dp 1 1 d%

(90 (d(g/a))’ PRy R e N G

Let the argmax of (A.9.1) be given by g(c,v). Substituting the solut10n of (A.9. 2)

into the objective function and dlfferentlatmg with respect to a gives

- 9Ml(a,7) dp

2 . ’
e P (g )]’  (A94)
dax d(g(e, )/ ) (o ) -
. ' . . - anf ant . . S
To obtain the relationship between 4 7 and 4.z differentiate (A.9.4) with respect
to v to get
| O°M(er,y) Pp gl -
— U = (g(er,v)/) - 5 T3 ) L
o0 (a(ae,fa))” o
o V) ) (A9.5) .
PPN 1) edey)
d(gley)/ @) o
Substituting g(e,~) into A 9. 2) and totally dlfferentlatmg with respect to ¢ and
gives 8(] L %
'_ v dg : '
5y = #IE 1. &% _(A.9.6)

(89)> v (dg)?
The numerator of (A.9.6) is positive, and the denominator is negative by second order-
condition {A.9.3). Therefore,

5o | ) o ' (A.9.74)>



If the revenue function is st:ictly concave, then it follows that

9211 |
ﬁ}) > 0.  (A93)
(A.9.8) is true for all v, so
| , | dant  qn#
ZZ‘(;T > da_H— (A.9.9)

(Q.E.D.)
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APPENDIX 10

a A AL Ly

Derivation of ﬂ_n_;;l_l
“When 7 is explicitly considered, Problem (3.2) from the text can be written .zi,s
max I1%(g, ) = p(a/a) - ¢ - S c(q)- (A.10.1)

Let the argmak of this problem be given by q(a;'y). Subsfituting this into the
objective function of (A.10.1) gives - - ’ '

. HL(q(a,'y),a,'y) | - : (A.10.2)

“as the maximised value.

Assume that k£ = 0, préblem (3.5) from the text is now written as
max {T§(e,7) = M¥(a,) + H“( ML (A103)

Let the argmax of problem (A.10.3) be given by & ('y) Substltutmg this into (A.10.2)
and the objective function of (A.10.3) gives ‘ '

HL(é (a* (7),7),64]3(7),7) + I (é *(df"(w),w),&L(_w),v’) (A.10.4)

as the maximised value. By the envelope theorem, the indirect effect of ¥ on a and

g can be ignored, so

d(t k) BHL(,,W) HL*_(,,w

“(A‘10..5)

| dy o oy
From (A.10.1) and (A.10.2)
8ﬂL R ’ 1'- A.A';, B ‘ R )
“év ) - ) e (gt (aL‘(v)w)), (A:10.6)

and by similar reasoning

l aﬂlL*b','A,’Y 1 woalx f ALx( ~ - | : . 7
| __5(;__) - & <qL (aL(v),v))- . (A.10.7)
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bThérefore,v

@_%Ef_) - ;15 : (éL(éL(&L(V),W)) + éL*(é"*(éL-(v)m)))- (A-10-8)

: 7L
Derivation of M

- When v is exphc1tly considered, Problem 1 from the text can be written as

max {II(L) = HL(aL,‘*y) + 15 | (A.10.9)
at )l . . ) .
subject to : '
‘ ")+ 1% > ity ik © (A10110)

HL*(aL,'y)ZlL .)‘L

)

, © (A1011)

where pf and AL are Lagrange multipliers. Let the argmax of this problem be gi\}en

by

(af(y),5). : - (A10.12)
Sllbstitlltillg this solution into the objective function of (A.10.9) gives _
nk (dL(fy),'y) + I ' . (A.10.13)

Applying the envelope theorem yields -
dit+17)  OME(yy) |y O0E*(,7)
dy Oy ' Oy ’
"and by similar reasoning to that used in deriving (A.10.6)

dit+15 1 (-L(qL'((—X (7),7)’7) +AL,-EL*(<7 *(@L(ﬁ_),fy),y)). (A.10.15)

dy . 2 ¢
Two of the first order conditions of Problem 1 are

(A.10.14)

oc emt  , omMEL . oml+
dal ~ dal M dal T X dal 0 _ ( _ )
and ‘ or o . o
ﬁ =1-uf-2=0 - - (A1017)

from which it is clear that 0 < \F < 1, as ¥ > 0 and AL > 0. leen ~y, combining -
(A.10.16) and (A.10.17) gives

L HL TLs HLN S
A= (21 A o 5“ ‘ , (A.10.18) .
Ba dal \ 9ol dal ) - 0
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APPENDIX 11

Assume that ch(q) = 0. This implies that the marginal cost curve is linear.
~ Assume c(q) = ¢I*(¢*). Refer to Figure 19, where the marginal revenue curve of
the world demand curve is given by MR and mr is the marginal revenue curve of the
home and foreign firms when a = .5, Under subsidfa.ry production, output at home

L

and abroad is given by g% = ¢L*. Under licensing, &* > &%, but from Figure 191t is

clear that although g% — ¢~ > 0 it is alsé true that §&* — ¢&* < 0 and that
(7" - ")+ (" -d") <o C o (A1L1)

If marginal cost was convex in ¢, that is ch(q) > 0, then this result wo_uld be

reinforced. (Q.E.D.)
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Figure 19
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APPENDIX 12

A Different Relatibnship Between c” and ¢f.

Consider the following model. Assume that consumers buy one unit of output
and are uniformly distributed around a circle. Assume that a fixed cost is associated
with each production facility. Further assume that the cost of serving consumers
increases with their distance from the plant. Assume that production occurs under -
conditions of constant returns to scale. Under these c_ohditions, the cost :_function _4

associated with the production and sale of ¢ units of output is

Cg) = c(g) + (e = 7)g, o (A12.1)

where ¢(g) represents service costs (transportation costs), (a — 7) represents the unit
cost of production, and "y is the technology parameter (y > 0).1 c(q) 1s a convex
function, because each consumer only buys one unit of output and to sell more output
requires the firm to service consumers that are more distant from the plant. In this
model, the monopolist’s problem is to choose plant location and the number of plants

to maximise global profit.

PROPOSITION A.12.1 If

M= +a-n-a (A122)

and :
clg)>0, ct(@)>0 and CF(g)>0, (A123)

~then

d((TTL + T15%) — ﬁ'L LYy : L
((a1* + a)?, (Ir" + : ) >0 for all ~. (A124)

PROOF: Applying the envelope theorem as in (3.55) of the text yields

dﬁL(dL (7)’ '7)
dy

= ¢b (&t (7)) C (A125)

1 The greater is v the lower are production costs.
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and

. 3L Ly (L ;L : . | ‘
d((f1% + 11 ;7 I+ 00 (G (aE ) + 62 (65, ))

_ (qL (&L(’y),’y) + )\L . (jL*.(aL(.’Y),’)’))'

(A126)

The first term on the right hand side of (A.12.6) is the direct cost éaving that results-
from a small increase in 7, given the technology is transferred via subsidiary. . The
second term is the direct increase in the licensor’s profits as a result of the increase
in . This increase in profits consists of a direct cost saving on home production g,
and an increase in the license payment which results from the licensee’s direct cost
saving, A - g*. Now for ¢ (¢) >0 ' '

fri >t al a0 (A12.7)
Given 0 < )J’ <1, 1t 18 clear that

d((ITF + Tk — (TIF + 1))
d -

>0 for all 7. , (Ar.12.8)_

(A.12.7) may be satisfied even if & m(q) < 0, so ch(q) > 0 is a sufficient condition for
(A.12.8). That (A.12.7) follows from ¢t (q) > 0 is shown in Appendix 11. (Q. E D.)

The technology difference between the high' and low cost technology exhibited
in (A.12.2) shifts the high cost marginal cost curve vertlcally down by ~, for all q.
Given cL”( ) > 0, and so (A.12.7), the direct cost saving when a subsmha,ry is used
outweighs the direct cost saving of the li_.cAensor_a,nd the licensee. Therefore, the mode
of technology transfer is more likely to be a subsidiary. This is true for all v, and
establishes that an increase in - increases the likelihood that the technology will be

transferred via a subsidiary.

172



APPENDIX 13

Proof of Proposition 4.1:

Let .
'p:a—b—q—, where 1 =Q (A.13.1)
o a ‘
p_4d2 . '
c” = —q°, where v >1, (A.13.2)
v
and :
CL = CL*. (A133)

The home production facility solves the following problem.

. : d .
max  {II = <a - b2> q—~¢*}. (A13.4)
g Y A |

The solution to (A.13.4) 1s

26 2d |
o) = /<_ = (A13.5)
: a |y
Substituting (A.13.5) into the objective function gives
) ‘ ».
a 26 2d a .
Ma,y)= = /| =+ =) =7 49(a,7) (A.13.6)
2 «a ~ 2 v
Let the high cost technology be represented by v = 1. In this example & = % =at,
because c¢ff = ¢#* and c& = ¢*. Therefore,
I+ 119" = a?/(4b + 2d). . (A.13.7)
Under exporting, a = 1, so ’ : ‘
' N4 =a?/(ab+4d). (A.13.8)
By similar arguments ' '
. . L 2d -
mr 4+ 11t = a2/<4b + —) (A.13.9)
: 2 1 '
and 1d :
% = a2/ <4b+ —>. - (A.13.10)
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Combining (A.13.7), (A.13.8), (A.13.9), and (A.13.10) implies that
IR G | (AN LR | AR 11
if

46%(1 — ) + 2d2(1 - l) >0,
gl

PRYEAS
TSS9\ )

that is, if

(Q.E.D.)
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APPENDIX 14

PROPOSITION A.14.1:. If the technology difference is éh‘dmctem’sed by the pa-

rameter v in the following cost function

CHo) =) +(a-g (a4

(This cost function 1s assumed to have the properties assumed in Appendiz 12), then

mF b - Mg > 07 4 - 1§ vy, (A.14.2)

PROOF: Given (A.14.1), the low cost marginal cost curve is given by a vertical shift
downwards of the high cost marginal cost curve. This is.shown in Figure 20, where . | '

. linear marginal cost and linear demand is also assumed. In the diagram

¥ 4 18 — 11 = abe S (A14.3)
and o
ML+ T8 11k = def. | - (A14.4)
Clearly . - S | -
fib 4 b — ik > 4 4 fiHe il O (A145)

From the diagram it is also clear that this is true for all v >0, because the low
cost technology results in- greater output. ‘In fact, (A.14.5) is true for all downward
sloping marginal revenue curves and all upward sloping marginal cost curves, l)ecaﬂse

in these circumstances the low cost technology results in greater output. (Q.E.D.)"
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APPENDIX 15

The first order conditions of problem (4.34)'—(4.36) in the text are

- oc ont - I L 125 :
et = (=7 g #7417 ).67_0, (‘5.;5.1»)
gﬁ =1-pf - 2=, - (A152)
gTﬁﬂ =(1-7)- (k) —1F =, (A153).
_5'_ L. _ 0 Hi~Hy  7H | HL; L '.L : : .;.‘.‘:.’f:
5o = (1—=7) (&7 ) + Ip = (1 - 1) M H(a") - 1" = 0. (A.154)

Substituting (4.53) and (A.15.3) into (A.15.4), differentiating with respect to 7* and -
. applying the envelope theorem yields ' ‘ '

o BHHL . BHL* . N

. A | - (A.15.5)
+ (Tf*(ah) —nf*&2)) -dr* =0, '
Therefore, o : _
. d-L . ﬁL* =L _ﬁH* ~H _ _ . .
far ( 8(;‘“) (& ))anb > 0. (A.15.6)
drr (1-7). 25 +(1 =77 B

© Qal
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APPENDIX 16

The licensee’s problem is

max {TI(Lx) = p(¢™* /(1 = af)) - ¥ — P (g"*) — v g1} (A16.1)
q .
~which is solved for ¢**(al,rl) (Assume the second order condition for a maximum-
s satisfied). Substituting this solution into the objective function gives H{(,*(aL,rL)
Applying the envelope theorem yields B

e I Ln e D In? B
oIy (o, %) _ dp ] (q (7,7 )) <0 (A.16.2)
dak d(g¥* /(1 —atb))  (1-al)? ' o
and
HL* L L . .
Q_N_(ﬁfi_) - ——qL*(aL-,rI') < 0. - (A163)
or ' ‘
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APPENDIX 17

Stabzlzty

The duopoly model outlined in- Section 7.2 analyses a static, simultaneous—
move game. As such, stability conditions have no real foundation as adjustment
processes towards equilibrium do not exist. However, there 1s a long tradition of
using stability conditions to help sign comparative static results, and S_ectioxi 7.2

follows this tradition.! Let

-~ d%p dp 1 Ay
i)y Ay e OS0 AITD
q q* | ? : :
d? d 1 o
S e R (A172)
qT4q -
b “’p P (A.17.3)
= . q R . .
(d(q + q"))2 d(q + ¢*)
and v ,
' d? d :
b= g (A17.4)
(d(q—l—q*)) v (¢ +q*)
Stability requires v v
| a<0, a <0, - (A175)
b<0, b <0, | (A.17.6)
and ‘
A=a-a" —b b* >0 (A1T.7)

These conditions are outlined in Dixit '(1986).

1 Dixit (1986) and Quirmbach (1988) discuss the inappropriateness of stability conditions, but
in the absence of a genuinely dynamic model they continue to use stablhty conditions to help
sign comparative static results.
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Second Order Condition For a Mazimum

. Differentiating F.O.C. (7.26) with respect to r yields the fdllowing

%11, d*p _ (@,+ ?i) 8q* dp ¢

= : q+ ' q
(0r)? (d(q + q*))2 or- or or ~d(g+q¢*) (0r)?
N dp dq* 0Oq n d’p (6(1 _ aq*) dq e
doxo) o et e\t o
d(g+gq*) or or (d(qf{-q ) 87“* ar Jr (A1738)
dp ¢ L, dp  0q 8¢ o
_l_ " .- 3 . q + ‘** e e
d(g+4q*) (or) dlg+gq*) or or
q*  9g*
T (ar)? + or
Assume linear demand and linear marginal cost, then
42 ' 52 : 924" R
Ep'z = O, q2 —= O, and qz = O, _ (A179)
e+ ) Grp =" Gy =h
so (A.17.8) equals : ' o
o 0%, dp dq* 9q  Og*
=9. . 4 . " (A.17.10
(Or)? dlg+gq*) or or + ar ( )
Rearranging (A.17.10) gives _ |
oIy dp g a
= (2. —% 99 ;). 99 A1T.11
(or)? (2 dg+q) o " > or (A171)
Now 5 ' o d ~ S
q - : '4 :
—_ = — = — /A 0 A17.12
ar A (d(q—qu*)/ ) g , ( )
and - . J . ’ »
q a ¥4 : "y’ .
: - 2. . A><O, ) A.17.13
- Or A (( d(g+q*) = ‘ >/ , ( )
so ' ) - B
o ] y dp _ I
(9r)? T A B G
Now
A=3l7——F) — = ——(c + )+ =5 -¢c -, A.17.15)
| (d(q+q*), v d(g+q¥) (€ | ): 7 | A



SO

dp )2- ’ ! .
A>2 —— ] A:17.16
(d(q +99)/) ( | )
and 21 - o
d - . -
X - A17.17)
(87’)2 < 0 ( )

Therefore, the second order condition for a maximum is satisfied.
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