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1. INTRODUCTION
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Technological change is endogenised by allowing the owner of the new technology

to undertake R&D to lower its production costs. The eclectic theory of direct foreign

investment (Dunoing (1979)} provides the vehicle for endogenising the mode of technology

trausfer. In this theory, three conditions are neeessary for direct foreign investment. The

first is an ownership advantage \*{bich, for our purposes, is provided by the new technology;

the second is a locational advautage so that it is optimal to produce some output in a forcign

country {that is, techuology is not transferred via the export of goods); and the third is

that it must be more beneficial to trausfer the ownership advantage (the new technology)

internally rather than sell it through arm’s length contracts to independent firms (that

is, via a license agreement). A novel aspect of this paper is the explicit modeiling of the

internalisation decision A

The choice between lechnology ransfer via a whally owned subsidiary and technology

transfer via a license agreement depends on the interaction of a fixed cast, that is associated

with transfer via subsidiary, and an information asymmetry, that is associated with transfer

vin a license agreement. The fixed cost, k, is inciuded to capture the cost disadvantage faced

by a subsidiary relative to 2 licensee. A subsidiary of a multi-national firm operates arross

pational, cultural, social, and legal boundaries. This puts the subsidiary at a production

cost disadvantage relative to a licensce because the licensee accumulates knowledge about

the locsl environment as part of its general education. The subsidiary can obtain this

knowledge, but only at a cost, and it is this cost which is captured by L. Alternatively, k

may be interpreted as the cost associated with the possibilily of expropriution hy foreign

governments or the cost of operating at a distance.

) a - v ] - . .
An information asymmetry is present whenever information is being transferred. The

owner of the pew technology (information) knows its true value whereas potential licensces

can only value the technology after it has been examined. However, once it has been

1 {niernalisation was explicitly maodelled by Ethier (1986); however, his madel of the multinational fiem

had malerial inputs being transferred rather than technology.
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examined the licensee has no incentive to buy the new technology for the licensee already

has all the information necessary to use jt.2

The model and assumptions are outlined ju section 2 and the licensing problem under

asymunetric information is solved., This prablem is an example of an informed principal

problem [Myerson 1983] whercby the owner of the new techuology wants to design a license

contract to maximise its peofit, given it knows the characteristics of the technology but

potential licensees do not. It is shown that a license contract which contains a market share

restriction and a lump sum payment can overcome the information asymmetry, though at
a cost. Tlis is a new result which is very satisfying as both market share testrictions and
tump sum payments are regularly found in actual license contracts {

Killing (1933)).

Caves, Crookwell, and

The cost associated with the asymmetric information interacts with the fixed cost k&

and locational considerations to determine the mode of transfer. In a recent paper, Gailini

and B. Wright (1988) show that output-based payments (royalties} can Le used ta solve the

licensing problem. However, their model does not allow the owuer of the new technology

to produce the product nor does it consider the choice between modes of transfor jn an

international setting.?

1n section 2 it is also shown that the amount of R&D undertaken varies with the mode

of transfer. This result has important welfare implications which are explored in section

3 wlich deals with welfare and pelicy. The welfare measure used for the home country is

the sum of expected monopoly profit and expected consumer surplus while for the foreign

country welfare is measured by expected consumer surplus alone. It {s shawn that policies

2 An internntionally enforceable patent a

yatem can overcome the information asymmelry. Nevertheless,
because of imitation there nie man

¥ technologies for which national Patent protection is diflicult so
thal international patent protection js virtually impossible [Levin (1986}, A lurther complication
arises from the patenting process itself because the palent provides information about the technology
which may be used by potential licensces al zero cost. In fact, Mansfield and Noweo (1980) argue that
imitation usually occurs vin reverse engineering and that patent information js often hinportant in this
process, [n these citcumstances it is in Lhe interests of the owner of 1he new technology to keep detnils
of Lhe technology secret [Aomtman, MacDonald and Slivinski (19883},

Y pa, Wright (1989) incorporates toyally paymenta into license contracts in an intecnntional netting.

3

& 3
Wthh restrict the mode of “R-D-Sfef can have a_mblg 1ous wellare resu}tb because a ])loﬁt a
P € palw

L ctl d P g
rice a,nd an R.&D eﬁect move WCI{ME m d.!ﬁEI nt directions de ending on ih arameters
. cts h d
Of the II\Od&l IhL‘Se welfare effe ave not been fDrmahsed m the literature to ate and
r gu
yet may he J.Inpﬂltaﬂt 1 a.nalysmg lﬂtelnatlﬂﬂal tEEh]lOlOgy tra.mdex P{)l.ll.y Ambigucus
lESll].tS, hich depend on thE piLIaJTlEt.L‘IS of the I]J.Cd&‘., 5mP1§ tha't' a case b} case appioaCh

to polcy v be rec uired SECtl con ns s co \ldlﬂg O
P licy ma; . on 4 contal ome ﬂd C ments as well as some

suggestions for future research.

2. THE MODEL

9.1. THE DECISION STRUCTURE
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License Countracts: License contracts contain a market share restriction of « for the

licensot and a lump sum payment of | which the licensee pays the censor in order to obtain

the new technology. A market share restriction is included in the license contract becaunse it

eliminates competition between {lhe licensor and the licensee by giving each monopoly power

over a certain segment of the waqrld market. Macket share restrictions are also relatively easy

to enforce and are often found in actual license agrccments." A lump sum license payment

rather than an output based payment is included in the contract becanse it simplifics the
analysis !

License contracts can not be renegotiated after the technology has been transferred.

This agsumption is often made in adverse selection models where ex post renegotiation 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),

Cooper (1984), Maskin and Riley (1984), and Weymark {1986)}.

for if a Pareto improvement can be achieved by renegotiation,

Thig assumption is

particularly unsatisfactory,

then renegotiation should be allowed. Firms can make commitments, but they can not

commit to nat renegotiate [Dewatripont {1988)]. Tov overcome this problem it is assumed
that the renegotiation process is prohibitivety costly-

Cost Conditions: Relative cost conditions determine locationa! advantage and so

determine the global allacation of production. Although the world is assnmed to consist

of many countries, for simplicity it is assumed that profitable production can take place

in only two.? These two countries will be referred to as home and foreign. It is further

d that the owner of the new product/technology is dowmiciled in the home country.

= H,L; where & and L signify

assume

Phe home firm's cost funclion is given by cq'), 1

R - S e
T Caves, Craokwell and Killing (1983}, using survey dats, found that 3% of license agreements contained

a markel share restriction.
8 Kaiz and Shapiro (1985) also use lump som payments in the
use of per unit royallies in license cantracls.
9 In ather conntrica the marginal cosl of the first unit of oul
glabal profit maximising lovel ol ontput.

ic analysis. Wright {£289) annlyses the

put is ussumed Lo be greater than marginel

revenue at the

&
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Demnand Conditions: It js assumed that all consumers have identical individual
demand curves and that the world demand curve is given by @y = f(p), wh ‘TI u
world price, (4 is the world quantity demanded, and f'(p) < 0. The wr:n:]d,iuv:rre j -
curve is given by p = f~1((q). It is further assumed that the monopolist's reven::fl::'zlti:j

is strictly concave, that is TR';(Q.;) <0, where TR = f~4(Qq)-Q
] = 4 - Q4.

2.3. STAGE THIREE

In Stage T hI'F.(", given tCC]lIlOlOgy t}'pe and the mode of technology tr 3-11510!. the manop-
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2.3.1. COMPLETE INFORMATION

i . - P
In tlll‘; 8 1[."'5&(:“0[1 it is ;l.SSlllﬂEd that pOtE]ltiE\} lsceusees know the tEChﬂOlOg}' t}'pe
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¥ op list’s jerd lem 1) imi
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lE‘\'E] home and ’Hl: I the forei a a4 BIDS, A or a licensee 11
s for the home elgn firm ( it ER. ﬁrm may be l.d.l Ly )5 )
'
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I ; :
hese assumptions are made in Ilorstinann and Markusen (1987)
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poly literatuce. ]lmd are stagdatd in the multi-plant

Thia problem is just the traditioral multi-plant Gnopelis < e 80 that ear ant i3
1 e
p( ot m list pr blem extended th h pl
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In this paper the monapolist's stage three problem has two sub-stages. In the first sub-

stage the monopolist maximises giabal profit by choosing the home firm's market share and

the foreign firm's Tump swm payment. Tu the second sub-stage, given the market share

arising from sub-stage one, each firm maximises profit by choosing output.!? Once again
this problem is solved backwards.

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

@ € [0,1). The home firm’s demand cnrve is gg = &~ f(p) and iis inverse demand curve is

p= f‘l(qd,’a)_” The home firm’s second sub-stage problem is

Problem 1:
max  plgifel) ¢ —<ta), i= Ll (2.2)
P

Tt i5 assumed that the second order condition for a maximum is satisfied, Let the argmax

of {2.2) be given by ¢'(af). Substituling this into the abjective function yields home firm

maximised profit as a function of o Let L1is be given by II(a’). Solving a similar problem
for the foreign firm yiclds =(a').

The monopolist’s first sub-stage problem is

Problem 2:
max {I() = W(a)+ 0}, i=HL (2.3)

1ok

subject to:
T(e') - k-1 20, {2.4)

where {' is the lump sum transfer paid by the foreign firm to the home firm. Counstraint

(2.4) is included because the lump sum payment from the foreign firm can not be greater

than the prafit it derives from a market share of {1 — a) minus the fixed cost k.

The export, subsidiary, and licensing problems are special cases of Problems 1 and 2.

The export problem is obtained by fixing & = 0, I =0,and e =1as all of the workd
e

12 “This problem yields ;dentical salutions for oulput ss the traditional farmulation of Llic monopolist's

problem.
13 At o= 0itis assumed that p == {1,
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first order condition for a maximum is

dlli) _ dilifad) = dlli*(oi

In Appendix 1 it is shown that

el of -
—E;T('E_) <0 and ﬁdfg_gq_l <0 o
! .

J.UC].] gua.l antecs that the s 2Co: 0 T IOb em 1s satlsﬁed.
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r tech i . ransfer he expor
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The soluti to the mona O[JSt & export SubSldlaJ aﬂd ].]CED';IU loblems can be
* bl 4
illustrated (]J gra.mal‘.lc |i1jn‘. Db e Q e nlOIl()PO].lSt- 15 to ¢:h(!05e i aIld a' so that
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L Cl fr ( l) 11 I ( ) It y C
L. vex as it is Car am (2.6} that a') is strictl oncave it a'. The
<on sel 1s con ct as I (ﬂ ) Iic l}‘ £ondc AT (1 e ).
straint t a convex get 15 st L ave | 04

Combinin 2.5 -
E ( ) and (2 J lmphes t gl al Pl’Oﬁ nusation h
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dni‘(.al') . dnl_(a'_) {”‘ i
dot dodi = e

(2:8)

I the high cost technolo

(&', iy and'is characterised in Figure 1 by

curve I3, This oceu

gy has occurred, the solution to the licensing problem is given by
the tangency of 1H=(all) with global iso—profit

rs at point E. The solution to the subsidiary problem is given by

(&, T - k) and solution to thc export problem accurs at point G where @ = -
Tn Appendix 2 it is shown that
dime 41
T >0 for ab= all, (2.9}

If the low cost technology has oceurred, the solution to the licensing problem is [&L,IL)
and is characterised in Figure 1 by the tangency ol L+ {ak) with global iso-profit curve

point F.1* The solution to the subsi L_fILs - k), and

IE. This ocenrs at diary problem is (&7,

the solution to the export problem is @ = 1.

2.3.2. INCOMPLETE INFORMATION

Incomplete er asymmetric information is only present when technology is transferred
via license. Given the monopolist knows whether the technology is low cost or high cost
while potential licensees only have some subjective probability, 2%, that the technology is
low cost, the monopn;list’s licensing problem is to maximise global profit by designing &

Yicense contract.
The presence of the information asymmetry ensures that the complete information
solution characterised in Figure 1 is vot implementable because the contract (db,ir‘) is
pted by a licensee as the licensor offers (&, iLy regardless of techuology type-

never acce
information problem by

The Ttevelation Principle simplifies the mounopolist’s incomplete i
reducing it to one of maximising profit by making a contract offer, subject to certain self

selection (truth telling) and participation constraints.!®

e
14 for simplicily it has been assumed that c(g) = ¢ {g") w0 that af=}= at.

15 The Revelalion Frinciple states that “any equilibrinm
by a truthful, direct sechanism,” [Marris and Townsend {1985),

allacation of sny mechnnisin can be achicved

p.354).
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Figure 1

11

In general two solutions to the licensor's problem are possible. The first is a separating
solution in which a different contract is assoclated with each technology type and the licensor
reveals technology type through the contract affered. As technology typeis revealed by the
contract offer licenses participation requires

i . 5. @
< {a'}). (2.10)
The second solution is 2 pocling solution ia which the same contract 13 offered regardless
of technology type. As techuology type is not revealed by the contract offer licensee

participation only requires
1< pr-Min(a) + (1 =) - T {a) (2.11)

where

H=tt=1 and ol =l = (212)

The Sepurnting Solution: If the high cost technalogy has accurred, the license cos-

tract that smaximises global profit is given by
(&H'JTH = I'I}I-(&H))' (2'13)

This is the complete information sclution.
If the low cost technology has occurred and given (&”,I"), then the monopolist's
problem is

FProblem 3:

max {11(L)=n’~(af»)+zﬂ} {2.11)
ab b
subject to:
f[H(éH) % I'H > HH’L(aL) + fL (2_15)
and
12



5 (ol » 18, (2.16)

Contraint (2.15) is the self selection contraint which requires that the contract which solves
Problem 3 is offerred if and only if the low cost technology has aceurred, T E(alyis defined

as {ollows

T (a™) = maxp(a"10 fab) - !  (HgiEy, (2.17)
q

aud represents maximised home firm profit if the high cost technology has occurred and
the licensor offers al in the liccnse contract. Consiraint {2.16) is the licenses participation
constraint.

The solution to Problem 3 is derived i Figure 2. The licenses participation constraint
requires (a®, L) to lic on or below I (a%). Given (&, I5), the self selection constraint
requires (a® %) to lie on or below If. Given these coustraints, the global profit associated
with global iso-profit curve 1f is the maximum attainable and is achieved at paint B with

contract

(a*, iy, (2.18)

where &% > &L and L = I[t+(aF) < j£,10

Combining (2.13) and (2.18) yiclds the following separating solution
@, (at, ). (2.19)

The intuition behind this solution js clear. If the high cost technology has occurred, the
licensor is able to obtain cowplete information meonopoly profit becaunse the licensee is
prepared to accept contract (&, ") regardless of techuology type. However, if the low

cost technology has occurred, the licensor must distort its contract offer away from the

16 Tyig centenct arises because g,g; > %’: for all a. The reault tiat %E-:— > %E:— for all o js known in the

asymmettic infermation literature as the single crossing property. A strength of the model developed in

this seclion ia Lhat Lthe single crossing property, quasi-linearity of the monrapolist's ohjective Tunction,

and convexity of the monapolist's upper level sets arise from staddatd assumpiions regarding revenue

and cost fenctions. [n other Papers these conditions are imposed [Cooper (5984) and Maskin and Riley
{1984}).
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camplete information solution te convince the licensee that the low cost technol
occur:cd. This requires a contract offer of (&%, %), The information aeymme:; 'Dgy -
a cost ov the licensor which is gi i | e
e h.l(‘.l‘l is given by the difference between global profit with contract
,l : ll global profit with contract {&Z,1¥). In Figure 2 this cost is re
vertical distance between global iso-profit curves IL and .17 e
From the above it is clear that the licensee's subjelc;:“
: ive probability, p7, does not

ll” ience the contracts O“Ell’_‘d in the se Ja]ltl]lg SOlUtlDﬂ This is nat so th
50 1n e POOl]ﬂg

solution.

The I aalin olution: [f the low ost technalo has o curred, the licenso b
: 5 Sol I ]lL]U < Y §oroblem
& ccu P
Ted, ensor

is

Problem 4:

max {II{L) = M¥(a)}+1}
al
subject to: -
15 = p* IE(a) + (1— p7) - T (a) 2 1. (2:21)

At Lhe solution to thi 1 llz 221) 5 a 5 { first f
0 s p Ub n ( ) alw ¥s blild so the first or dEl‘ condi fi
] on Ior a

wmaximurmn is

dIIL Ife
A_E;._ o (1 - p.) . dn p‘ ) d}l’L-
da da (2.22}

( " ¥
T ) h er ¢ QX XK {5
From (2.5) it is ¢ ear that the second ard l]ll(llt]()i for a m uin is satisfied. Let ‘.h

solution to (2.22) be given by ak. At &l

L
Il ey 0Tt
da P’) S e A ,
o do (2.23)
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In many ndverse s i ' 9
g e |:?;:l-ron,::?:]c:-’ [Coni')ct_ (1984} and Maskin and Riley (1984 i i
i PR cds;:mc 3 rmrln Llua. wnfennalion. IMowewer, in ther model D e
These two rosalts con i)g rem::{!] private }nfununlinn imposes & eost on the h ldor "ECh".“’l_"U o
riled once it is renlised that in most advers: seTec:ianf lh': 1:”‘"""“"“'
n models the agent

passesses Lhe private information while in e e (&1 4 analer S5

4 t I tion while in the technol Y ll’ nafer madel the P llCIPB-I possesses the
private inlormation.

1 th 1

15

because
FIVGASI) | (g dub 4t
e T 2.24
do > Tda e dal dat (224]

The second order condition for a maximum together with {2.23) imply that al » ab. That

is, in the pooling solution, the market share of the home firm is greater than its complete

information market share. !

The solution to Prablem 4 is shown in Figare 2. The area below [(ec) represents
technology has occurred,

constraint (2.21). Given this constraint and given that the low cost

s to get on its highest global iso—profit curve. This ocours at point 1 where

(o) and IL are tangent. Therefore the contract offered in the pooling solution is

the licensor tti

(a*, 1), (2.25)

where
fitf (st < it < (&%) (2.26)

If the high cost technology has occurred, the best the licensot tan do is continue to

nt canbract is offered, the licensee must infer that the high

offer contract (2.25). lfa differe

has oceurred and so will only accept the offer if the lump swm payment is

cost technology

£.18 From Figure 2 it is clear that such a counstraint reduces

less than or equal to its profi
ide 1% (a). Therefore, the pooling

the licensor’s profit becanse IIH () Lies completely ins

solution involves a contract offer of (&L, L regardless of the technology type that actually

OCCMrs,

We have seen that two general solutions to the licensor's problem exist; namely, 2
‘separating solution and a pooling solution. What determines which solution is chosen by

the licensor?

Troposition 1: Let pL be the critical p* at which the licensor iy indifferent between the
RS

18 ja i an spplication of the intuitive criterion of Cho nnd Krepd (1987).

16



pooling and separating selutions when the low cost technology has occurred. For p™ > p? the
pooling solution s chosen while for p* < p? the separating solution is chosen.

Proof: 1€*(a) is a convex combination of 1% (a®) and I7*(a/) with weights being given
respectively hy p* and (1 — p*). Therefore, there exists some 0 < p? < 1 such that the
licensor is inditferent between the pooling and separating solutions,

For p= » p2 the pooling solution is chesen becanse, regardless of technology type, the
licensor makes more profit than with the separating solution. For p* < p. the separating
solution is chesen because if the pooling solution was offered, the licensce would infer that
the high cost technology has occurred and so would not participate in the poeling solution.

(Q-E.D.)?
2.4. STAGE TWO

In Stage Two, given technology type, the monopolist’s problem is to maximise global

profit by cheosiug the mode of technology transfer. This is done by choosing the larger of
ik, (0¥ +0%—k), (A%+"), and (5" +1%) (2.27)

when the low cost technology has ocenrred, and the larger of
Y, (R LR k), (7 ), end (@T@H4T) (229)

when the high cost technology has occurred. Arguments from the previous section require
that {TT7 (&%} + I*) be considered in (2.28) only if {I14(&) + L) yielded the most profit

af the choices in (2.27).

Proposition 2: If complete information global profit razimnisation invelves output being
produced at home and abread (T < 11 4 Ti*"), then the monopolist never transfers tech-

nolegy via the export of goods because this option {3 dominated by licensing.

19 The separaling solulion is what Myerson (1983) termed a sa[tl: mechanism. A sale mechnanism is one
in which Lhe licensee participates even if it knows the technology type. In fact, with p° being such
that the separating solution is chosen by the licensar, the separating solution is undominated {for the
panling salution yields more profit il the high cost technelogy occurs, but lesa il Lhe low cost technology
necuzs) and is whal Myerson (1983) termed a streng selution.
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Proof: Licensing under the separating solution yields more profit to the licensor than the
expart of goods because (1} ¥ < 7 4 117" by assumption and (2) 1§ < 1%+ 15 as
marginal cost is increasing in output and 0 < &% < 1. As licensing with the separating

solution is always an option available to the mouopolist, & profit maximising monopolist

i
never chooses the export of goods as the optimal mode of technology transfer. (Q.F.1.)

Proposition 3: The kigh cost technology is always licensed. The contract i3 given by
(&L, FL) if the pooling solution is optimal and (&% ,I¥} otherwise.

Proof: The high cost technology is never transferred via subsidiary because a license
contract of (&7, ]7) avoids the fixed cost of subsidiary produc-tion and is always accepted

by the licensee. (Q.E.D.)

Propasition 4: The likelihood of the low cost technology being transferred by license rather
than subsidiary increases, ceteris paribus, (1) the greater isk and (&) for p™ > p? the greater
is pt.

Proof: (1) The low cost technology is licensed rather than transferred by subsidiary when
l(ahy 4 Ik > 110 4 0Tl - &, (2.29)

or

afa™) + % > Al + 1% - k. (2.30)
A
Clearly; conditions (2.29) and (2.30) are more likely to be satisfied the larger is k. (2} For

#* > p: the higher is p* the greater is (II*(&%) + [°) because the constraint locus ()
shifts further from the origin. For a given k, condition {2.29) is more likely to be satisfied

the larger is {[1¢(a") +I%). (Q.E.D.)

Propositions 3, 4, and 5 are new results which have some empirical support. David-
son and McFetridge {1984) found that more radical technologies were more likely ta be

transferred by subsidiary than license. If more radical technologies can be jnterpreted as

18



low cost technologies, then this result provides some support for Proposition 3. Davidson
and McFetridge also found that for the U.S, the international transfer of technology via
subsidiary was more likely to Canada than Western Europé and more likely to Western
Europe than the 1est 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.5. entrepreneurs is likely to be small, these results provide some support for Proposition
4 which states that the smaller is k the more likely is technology transfer via subsidiary.
Caves, Craokwell, and Killing {1983} found that most license agreements occurred between
firms in different nations rather than between firms in the same nation. Their ju5ti}ia_:':a.tion
for this result was that there was less of a threat of future competition from a foreigy pro-
ducer compared to a domestic producer. However, another possibilty is that k is grez.a.!.er
far transfers between nations than for transfers within nations. This latter interpretation

provides some support for Proposition 4.
2.5. STAGE ONE

In Stage One the monopolist’s problem is to maximise expected profit by choosing
L&D expenditure. Although the result of this R&D is uncertain, it is kuown that either a
high or low cost technology results. Let p(R) be the probability of the low cost techunology
occurring if R units of R&D are undertaken. It is assumed that F(R) > 0and p*(R) < 0.7
The monopolist’s problem in Stage Que is

Problem 5;

max (118 = p(R} - nE 4 (1 - p(R)) - =" —wR}, (2.31)

where r*=the global profit of the monopolist with techuology i and w is the wnit cost of

R&D. This is a general formulation which at present does not distinguish between the
I

20 Phe high coat Lechaology ¢an be thought of us the technology associated with the new product at the
time of its discovery.
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differing modes of technology transfer. The first order condition for this problem is

u

p(R) = G (2.32)
and the second order condition for a maximum is satisfied because of the concavity of p(R).
Solving (2.32) for the optimal Jt (assuming an interior solution exists), substitutiog into
(2.32), and tatally differentiating yields

W

p(RYIR = ~GL =) -d(xt - &1 (2.33)

Rtearranging (2.33) and recognising that p(J2) is coucave in R gives

dR _ w 1
d{nLl - .,FH) - (L~ ) (R}

> 0. (2.34)

In words, the greater is the difference between the monapolist’s global profits with each
technology type the greater is the amount of R&D undertaken. This result has important

wellare and policy imphlications which are examined in section 4.
3. WELFARE AND FPOLICY

Welare and policy are analysed from the point of view of both the techuology exporting
:md-technology importing countries. It is assumed that each country’s policy is conducted
sepa.x'h:%tely so that strategic interactions between policy makers can be ignored. This section
does not derive optimal policies for both countries, but rather, given market structure,
derives the welfare implications of various policies which are often recommended or used in

practice.?!

21 The model developed in Section 3 ia & monopoly model with incomplete information, 90 the optimal
policy involves regulating a monopolist with unknown costs [Baton and Myersan (1982)]. Adding this
element to the lechnology translfer problem would cumplicate the analysin immennely and so and is
left for fature research.
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3.1. TECANOLQOGY EXPORTING COUNTRY

The measure of welfare used in this sub—section is the sum of expected monopoly profit
and expected consumer surplus.?? The policy analysed is a ban on techuology transfer via
license or subsidiary.2? The resull of such a ban is to leave the export of goods as the only
option available for technology transfer. Three effects can be isolated; (1) a profit effect,
{2) a price effect, and (3) an R&D effect. The latter is considered becanse greater R&D
expenditures increase the probability of the low cost technology oceurring and so increase
expected profit and expected consumer surplus. l

Welfare effects depend on the modes of transfer that would have been optimal for the
mouopolist in the absence of the ban. For brevity, in this paper only ope case is coni%i!:}ered;
namely, where the low cast technology would have been transferred vi;s. subsidiary and the
high cost technology would have been transferred via license.

Profit Fffect: If these modes of transfer would have been optimal for the monopolist,
then TIH 4+ ¥+ > MY and k must be such that e 4 b= — & > 1%, Together, these
inequalities imply that

n%x < Mg, (3.1)
where B denotes an expected value and subscripts §, L, and X denate respectively tech-
nology transfer via subsidiary, license and exports (the first subscript refers to the low cost
technology and the second to the high cost technology). Therefore, banuing the transfer of
techuology via license or subsidiary canses expected monopoly profit to fall.

Price Effect: In Appendix 3 it is shown that price is a strictly increasing function
of the market share. Therefore, the shifl to exports (@ = 1) increases the price of output
for consumers.?t This implies that C.‘}'fé < CSé‘. and CSY < CSf, where C§ denotes

cousuiner sucplus. This effect unambiguously reduces expected consumer surplus.

22 Thisis a standacd nieasute of welfare and is used in Baron and Myersan (1982).

23 This policy is often sdvocaked in arder Lo prolect employment, living standards, or & technalogicul
lead [Feensten and Judd {1982) and Teece (1981}

24 4 21 [or Lechnology transfer via subsidiary or license.
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R&D Effect: In Section 3 it was showa that the amount of R&D undertaken in Stage

One depended on (x% - 7/). Therefore,
Rsy > Rxx if (WP 4100 — k) - (07 41097 > (11§ ~ 015). (3.2)
The second inequality in (3.2) can be rearranged to yield
1T R § S TY SR ) (/AN 1 CLIRD § Ll i (3.3)
A necessary condition for (3.3} to be satisfied is that
0L g b - 0t > 09 17 - 0§ {(3.4)

The general condilivas under which (3.4) holds have not been obtained. However, assuming
linear demand and linear marginal cost, the following proposition has been established.

Proposition §: If the home firm’s demand curve is given by

q g
—a-bL w 1.
p=a oo where Q, (3.5)
ifs cost function is giuer; by
d
=g ¥ 721, (3.6)
T
and
el = CL', . (3.7)

then necessary condition (2.{) is satisfied when

2l ;(g) (3.8)

Proof: This proposition is proved in Appendix 4.

For specific functional forms, Propositiou 5 estahblishes that necessary condition (3.4)
is mote likely to be satisfied the smailer is 7 and the larger is (§). In general, Proposition
5 suggests that the R&D effect of the ban depends on the parameters of the model. This is

in sharp contrast to Mansfield, Romeo, and Wagner (1979, p.51}) whoe argue
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“that, if American firms could not establish foreign subsidiaries (or trans-
fer techuology abroad in other ways), tiey would not carry out as much
research and development”.

To obtain the total welfare effect of the han the profit, price, and R&D effects are
combined. The profit and price effects unambiguously redece expected welfare while the
R&D effect has an ambiguous effect on expected welfare depending on the parameters of
the model. If (3.4) is not satisfied, then the ban reduces R&D expenditure and leads to an
ambiguons overall welfare effect. On the other hand, if (3.4) and (3.3) ave satisfied, then the
R&D effect reinforces the profit and price effects so that there is an overall unambiguous
reduction in expected welfare. This ambiguity concerning the welfare effects of the ban
suggests a case by case approach Yo policy may be nccessary, though the infgf;}mtion

requirements of such an approach may he prohibitive,
3.2. TECHNOLOGY IMPORTING COUNTRY

The measure of welfare used is expected consumer surplus.2’ The policy considered
is a ban by the technology importing country of technology transfer via subsidiry, (that
is,banning direct foreign investment).?® To make the ban binding, it is asaumed that prior
to the ban it was optimal for the monopolist to {ransfer the law cost technology via a
subsidiary. After the bau, it is optimal for both technologies to be transferred via license
and for hrevily it is assumed that this liceasing occurs under a separating solution.?” Two
welfare effects can be isolated; (1)} a price effect and (2) an RED effect.

Price Effect: In section 3 it was established that a¥ > &%; therefore, the price of

output in the techuology importing country is less with technology transfer via license than

25 Any profit yenerated by tle forcign frm accrues Lo individuals in the technology exporting country
because wholly owned subsidizrics and compelitive bidding for Yicenses have been assumed. The foreign
counlry cxn oblain seme of the moencpoly profit through taxation, The role of taxation is snalysed in
Wright (1984).

28 e policy is usually advocated Lo foster nalionn] independence or because some externality is thought
to arise if technology is Lransferred via license rather than subsidiary. This externality could he the
developuent of indigenous enireprencurial or managerial skilla or other learning by doing bencfits
{Bardhan (1982)].

2T The welfare effects of licensing under n pooling solution nee qualitatively identical,

23

with technology transfer via subsidiary. As a result, G (fSL-. This increases expected
consumer surplus.

R&D Effect: The effcct on R&D depends on the difference x% — . If before the
ban it was optimal for the monopolist to transfer the low cost technology via subsidiary,
then i

b =10k 40k - k> (T8 1) (3.9)

In a separating solution the high cost technology is transferred by license with
= 4 i, (3.10)
Combining (3.9) and (3.10) with {2.32) gives
Rst > Rige {3.11)

Therefore, the ban on tecknology transfer via subsidiary reduces the amount of RLD
undertaken which in turnt reduces expected consumer surplus.

The overall effect on welfare is ambiguons as the price and R&D effects have opposite
sign. This suggests a case by case approach may he necessary, but once again the information
costs of such a policy may be prohibitive.

This may scem an unsatisfactory way to end a section on welfare and policy. However,
the ahgve results were obtained {rom a formal model and highlight wellare effects thal have

previodsly been ignored or specified incorrectly.
4. CONCLUSION

This paper has analysed the welfare effects of two policies that are often recommended
or used in practise when dealing with international technology transfer. To do this a partial
equilibrium monopoly model was developed in which both the extent of technological change
and the mode of techrology transfer were endogenous.
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In developing this model same new results aboul technology transfer were derived. In
particular, it was shown thni a license contract which contains a market share restriction
and 2 lump sum payment is capable of overcoming the usual information asymmetry that
is associated with the transfer of technology. It was also shown that; (1) licensing always
dominated tha export of goods as a transfer option, (2) the high cost technology was always
licensed, and {3) the low cost technology was more likely to be licensed (i) the greater was
k and (i) the greater was the licensee’s subjective prabability that the low cost techuology
had occurred. .

Using the sum of expected consumer surplus and expected monopoly profit as a Measure
of expected welfare for the technology transferring conntry, the welfare effects of b‘;;:ming
technology transfer via license or subsidiary were considered. In gencral, the welfare effects
were ammbiguous depending on the interaction of a profit, price, and R&D effect. 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. l

For the technology receiving country the welfare measure used was expected consumer
surplus and the palicy considered was a ban cn subsidiary production. Once again the
welfare effects of such a ban were found to be ambigucus because the price response increased
expected consumer surplus while the fall in R&D decreased expected consumer surplus.

These ambiguous welfare results suggest that a case hy case approach to policy may be
necessary though the information requirements of such an approach might be prokibitive.
Nevertheless, the model outlines welfare effects that have not been formalised before and
which are important in any proper analysis of policy regarding international technology
transfer.

Wright (1989) extends the basic model in a number of directions. The first is to allow
more than two technology types. The second is the intrn&uctiou of per unit royalties into

license contracts, and the third removes market share restrictions from license contracts.

25

These extensions do not alter the thrust of the arguments in this paper.

Proposed areas of future research include (1) the introduction of a stage belore Stage
One in which a number of firms are involved in an R&D race to discover the new prod-
uct/technology and (2) development of a model in which technology transfer involves a loog
term relationship between the transferor and the transferee because technology continues
to be transferred as new technological imptovements occur. A dynamic reputation model

along the lines of Grossman (1981) and Horstman and Markusen {1987) seems appropriate.
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APPENDIX 1

Maximised profit as a function of & is given by

Ii(a) = plg'(e)fe) - ¢'{a} - & (a(e)). (A.1.1)
Using the envelope theorem and the assumption that demand curves slope downwards gives
i . 2
dIf' (o) dp  (4'(e))
= . 0. A2
do dgm =~ & T Gl

Differentiating {A.1.2) with respect to o yields

at

i) dp _(q"(a)_ 1 _gq_)_(q*(a))’
e A v e R (A.1.3)
N U ) WP () O
d(gi/a) o digife) ot da’

+2

and rearranging gives

STy _ (g())’ A gi{e) dp 1\ (,_dg o
= (G e g a) (B ) e

Total revenue, TR, is given by

TR = p(g'{a)/a) - ¢'(a). (A.1.5)

Differentiating (A.1.5) with respect to g yields

aTR d ; ;
dg = d(q.'I;ra) - (¢M{a)/a) + plg'(a)/a), (A.1.6)
and differentiating again gives
#TR 4 4'(a) p 1
o dgay ot | dG/m) @ S

{A.1.7) is the second term in (A 1.4}
Total differentiation of the first order condition of Problem 1 in the text gives

dy a otrR TR di
sk S = e L, Al
da ¢'(a) 3,}-’2 /( 5q-'3 dq‘z) ( 8)

The denominater of (A.1.8) is the second order condition for a maximum to Froblem 1
(see Appendix 2). If total revenue is a strictly concave fuuction of g, the cost function is a
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strietly convex function of ¢, and the second order condition for a maximam to Problem 1

is satisfied, then
s

= ata) (A.1.9)

and
1 (a)

daZ (Allﬂ}

APPENDIX 2
When v is explicitly cousidered, Problem 1 from the toxt can be written as
1
max  plgfe)-q- 7 “e{g)- (A4.21)

The first order condition for this problem is

dp 1 dec
d(q/a}.{q/a)+p(q/a)_;.£:‘]’ (A.?.?)

and assuming that the second order condition for a maximum is satisfied gives

_Fp 9, 4 L1 d%
d(g/a) o dlgfa} a v d¢? (A.2.3)

Lef thfa argmax of (A21} be given by ¢(a,v). Substituting the solution of (A.2.2} into the
o_bJectwc function yields home firm maximiscd profit as a function of a and 7. Let this be
given by II(e,v). Differentiating with respect to o gives

Oll{ e, v) N dp
b " dgaya) W) 20 (A:2.4)

‘c‘J :
; . . g . =
;‘:t obt;.m the relationship between % and %nu—f differentiate {A.2.4) with respect to y to

azﬂ(a,'r) _ d? :
T o0 — (4l 7)/2) - (d[q(a,'f)/a)z . '?(227)
5. dp .5) Ogla, ) (A2.5)
d(q(a, 7)/a) @ gy

Substituting ¢{a, v} into (A.2.2) and totally differentiating with respect to ¢ and v gives

1
da_ __F & -
8y &#TR _ 1, 4’ =4t
7 aq? ¥ dqc
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The numerator of {A.2.6) is positive and the denominator is negative by second order
condition (A.2.3). Therefore,

dq
== > 0. AT
2> (a2)
If the revenue function is strictly concave, theu it follows that
8 1{ex, 7)
— > 1, A28
gyda * ( )
(A.2.8) is true for all 4, 50
did  dn#
— > —5 = 0. A2
daL>daH“0 (A.2.9)

APPENDIX 3
For a given ¢, price is given by
gla
p= 422 (A3.)

Differentiating with respect to o gives

dp_1 _dp (dg g(a}
R ﬂﬂﬂ( )‘ (524

From (A.1.8) in Appendix 2

B,

2 2.
By assumption 8*TR 2
S <0 end 550, (A.34)
* o 38 o HE (4.3.5)
do a
and j—z > 0. (A.3.6)

That is, the larger is the market share the higher is the price.

AFPPENDIX 4

3

Let . 3
p=a-— b-c;’ where e Q {A4.1)
d
b = ;qg, where ¥ 1, (A.A4.2)
and
el = ¢l (A4.3)
The home production facility solves the following problem
=(a-p2).q- %2
max = (a bo:) q Tq ; (A44)
The solation to (A.4.4)is
. 26 2d
qla,7) = a/(; 4 ?). (A4.5)
Substituting (A.4.5) into the objective function gives
a? /(26 2d a
T oo & P22 0025 s 2 )
@n=5/(5+2) =2 sam (A45)

Let the high cost technology be represeuted by v = 1. In this example, &% = L = &b
because ¢fl = ¢/T* and cF == ¢*, Therefore, '

07+ 11 = /(45 + 2d). {A4T)
Under exporting, a = 1, so
I = &*/(4b + 4d). (A4.8)
By similar arguments
I g a’/ (4b+ «2-5‘-) (A.4.9)
7
angd
" e 2 4d
% i =a*/[db4 ) (A.4.10)
Combining (A.4.7}, (A.4.8}, (A.4.9), and [A.4.10) implies that
[k 18 - 0% > 4+ 19 - i (A.4.11)
if ‘
i
471 -1) + 2d’(1— ;) >0, (A.4.12)
that is, if
1/d\?
T<3l3) {A4.13)
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