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1. Introduction

It is widely recognized that the transfer of technology from developed
to less-developed countries has an important impact on the pattern of trade
and relative incomes across countries. A positive description of such tech-
nology transfer was presented some years ago by Vernon (1966), and the
hypothesés of his celebrated "product cycle" have led to numerous empirical
studies. But, unfortunately, it is difficult to obtain welfare-theoretic
policy implications from the "product cycle" theory, since it is not explicitly
based on the optimizing behavior of economic agents. In an important con-
tribution, Krugman (1979b) develops an analytical model of the "product cycle,"
and obtains several welfare implications of changes in innovation and tech-
nology transfer. In his ﬁodel the levels and rates of innovation and
technology transfer are treated as parameters, and so the relationship between
changes in actual commercial policy instruments (such as tariffs) and these
parameters is an open question. Before policy recommendations can be made,
this relationéhip must be determined. Other analyses of technology transfer
are presented by Findlay (1978), McCulloch and Yellen (1976), Pugel (1980),
and Rodriguez (1974).

In this paper we shall endogenously determine the level of technology
transfer in an optimizing framework, and examine the effects of tariffs on
technology transfer and welfare. Our basic model is similar to that of
the recent theoretical literature on monopolistic competition and trade (see
Dixit and Norman (1980), Helpman (1980), Lancaster (1980), and especially
Krugman (1979a,c)), which can be reviewed as follows.. These models assume
some fixed costs of production, resulting in economies of scale. Naturally,
the fixed production cost or activity uses resources of the same country in

which production occurs. With a monopolistically competitive market structure,



the number or variety of goods produced is solved for in the zero~pr6fit
equilibrium. A change in trade opportunities due to liberalization or
commercial policy will then affect world variety, which has a welfare im-
pact additional to the usual welfare effect with a fixed number of goods.

Our analysis differs from the above fixed cost models of monopolistic
competition and trade in that the "fixed" production activity need not occur
in the same country where production takes place. Specifically, we shall

assume that the production of any good requires some initial research and

development (R&D) cost, and that this R&D can be done in either country: the

actual locational choice of R&D activity will be determined by the optimizing
behavior of firms. We shall adopt a very simple view of R&D in which the
costs to develop the technology to produce any good are a non-stochastic
constant. Analytically, these R&D costs are identical to the fixed costs of
tﬂe usual monopolistic competition model, except that the R&D costs are not
country-specific. We shall identify R&D activity done at home for production

of goods abroad as technology transfer, and the extent of this technology

transfer can be measured as the number of goods developed at home but produced
abroad, multiplied by the R&D cost per good.

Several limitations of our analysis can be noted at the outset. First,
our model and equilibrium are static. That is, all goods are developed,
produced, and consumed within the same (single) period. Equilibrium is ob-
tained when a sufficiently large variety of goods are developed and marketed
such that profits are zero. This static framework is used for convenience,
but is still of considerable interest for analyzing R&D and technology trans-
fer: many of the effects we identify of tariffs on technology transfer, world
variety, and welfare would undoubtedly carry over (in some form, at least)

to a dynamic model. A dynamic analysis of product development under autarky



is presented by Judd (1980); this material is sufficiently new and complex

to deter application to a trade model at the present time.

Second, we sh;il assume that the tastes of each country are represented
by identical, symmetric, CES utility functions. Symmetry of the utility
function within any industry or group is needed to use free-entry monopélistic
competition as the equilibrium concept. Then assuming a single group of
commodities and a constant elasticity of substitution, it is known that under
autarky the monopolistically competitive equilibrium is identical to the
social optimum.l That is, under autarky government intervention is not needed.
Using a symmetric CES utility function is therefore both a limitation and a
virtue: if tariffs are found to be desirable with trade, then this is not
due to the possibility of correcting some distortion which exists under
autarky, since the autarky equilibrium is socially optimal. That is, by using
a CES utility function we are able to carefully separate the role of tariffs
in correcting domestic distortions (which do not exist) and exploiting monopoly
power in trade.

In the next section we shall determine the free trade equilibrium,

and show how various combinations of relative country sizes and R&D costs lead
to different trade patterns. In section 3 we examine the effects of tariffs

on technology transfer and welfare, considering in turn a uniform import tariff
on goods, and export tariff on technology transfer; the effects of an export
tariff on goods can be inferred from these results. We consider only the
effects of small changes in tariff rates around zero, that is, small move-
ments away from the free trade equilibrium. In section 4 we rank the welfare
impact of the various tariff instruments, again for small movements around

the free trade equilibrium. Significantly, we find that the.welfare gain

per unit of revenue raised is maximized for the export tariff on technology



transfer, followed by the import tariff on goods, with the export tariff on
goods the poorest policy alternative. An intuitive explanation for this
result is presented, based on the public good nature of technologies and
also the elasticity of demand for technologies from firms. In section 5 we
extend our analysis to include subsidization of Rs&D for domeétic production
of goods as a policy instrument, and conclusions are given in section 6,

The derivationsof mathematical results are gathered in the Appendix.



2. Trade Equilibrium and Patterns

We assume.that labor is the only factor of production, where the en-
dowments of the home and foreign countries are given by L and i*. Labor in
the two countries is equally efficient at producing goods, with one unit of
labor'required per unit of output, but have different efficiencies in R&D
activity: k units of home labor are needed to develop the technology for
any good, whereas k* units of foreign labor are required. Note that labor
cannot migrate between the countries. Home and foreign wages are denoted by
w and w*, where u=w*/w is the relatiﬁe foreign wage.

Letting v and v* index home and foreign goods, respectively, we assume
that domestic and foreign tastes are given by the identical, symmetric, CES

utility functions

v V+V*
u= [ x(v)av + S x(v*) Cav*,  0<c<l
0 v
and (1)
v V+U*
u* = [ x*(v)Cav + S x*(v¥)"dv* ,  O<c<l
0 v

where V and V* denote the variety (measure) of home and foreign goods pro-
duced, x(v) and x(v*) are the quantities consumed at home of domestic and
foreign goods, and x*(v) and x*(v*) are the quantities consumed abroad of
imported and local goods.2 The parameter c of the utility function is re-
lated to o, the elasticity of substitution, by o=1/(1-c), o>1.

Several known properties of the CES utility function can be reviewed
(see the Appendix). The elasticity of home, foreign, or world demand for
any good is given by o= 1/(1=c). It follows that the profit-maximizing
prices for goods produced at home and abroad are given by w/c and w*/c,

that is, constant proportional markups over variable cost. Thus, u=w*/w



is the relative price of imported goods, or the inverse termg of trade,
for the home country.

In writing the utility functions (1} we assume that no good is produced
in both countries in the trade equilibrium. This assumption can be justified
on the basis of positive fixed costs to transferring abroad a technology
developed for use at home. That is, let k (k*) denote the amount of home
(foreign) labor needed to develop a new technology for producing a good
in either country, while z (z*) denotes the additional fixed cost needed
to adapt an existing technology, used in one country, for production in the
other, This structure amounts to a "putty-clay" assumption on R&D, where
ex ante the costs of developing a new technology for use in either country
are equal, but ex post existing technologies cannot be costlessly transferred
between countries. So long as the f;xed costs z and z* are positive and
tariffs on trade are infinitesimally small, then no good will be pr;duced in
both countries with trade, which can be explained as follows.

Anticipating some of our equilibrium results, we shall find that in
the free trade equilibrium wages are equalized across countries, so with
small tariffs wages differ only slightly. The additional return available to
any firm from transferring an existing technology and producing in both coun-
tries (for example, to "jump" a tariff barrier), clearly depends on the dif-
ference in wages, and when tariffs are infinitesimally small then so are the
additional profits. In particular, the profits will be less than the fixed
cost of transferring an additional technology, so this activity will not
occur. Having established that a single firm will nqt a good in both coun-
tries, note that two (or more) firms will never produce the same good in a
single or differing countries, since with symmetry of demand and costs the
monopoly profits from developing a new product always exceed the duopoly

profits from developing and marketing an existing product; thus, firms will
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specialize in different goods. Therefore, with infinitesimally small tariffs
and positive fixed costs to transferring an existing technology, no good will

3,4
be produced in both countries with trade.

Firms in either country will choose to develop their product tech-
nologies in the country where R&D costs wk or w*k* are minimized. For the
moment we shall assume that wk is less than w*k*, so that all R&D activity
is done at home; after determining the trade equilibrium we shall then

establish the conditions under which this trade pattern holds. From this

assumﬁtion, the extent of technology transfer is given by V*wk, that is, the
variety of goods developed at home but produced abroad, multiplied by the

R&D cost per good.
Using home labor as the numeraire (so w=l) and solving for commodity
demands from utility maximization, the domestic and foreign profits from

developing and marketing ‘any good are given by

= (-(1; - 1) (x(v) + x*(v)) - k

T =
o (1omy LDt WL*) = S
= (1 C) (v + V*u-d) kl d 1-c (2)
and
n* = (%- u) (x(v*) + x*(v*)) - k
= w4 1-c) MI-'%)—- k (3)
(v + V*u

where for convenience we have introduced the symbol d=c/(1-c) = 0-1>0. A
more detailéd derivation of these profit equations is given in the Appendix.
Assuming free entry, an equilibriup condition of our model is that
the variety of goods available must be sufficiently large such that profits
are non-positive in each country. Assuming for the moment éhat goods are

produced in both countries, from (2) and (3) the condition m=w*=0 implies



u=wt/w=1 ,
(V+ V*) = (1-c)(L + L*) /k . (4)
The first condition states that wages are equalized across countries. The
second condition determines the extent of world variety V4+V*, and is shown as
the line nw* in Figure 1, along which profits are zero.
Aside from zero profits,'the remaining equilibrium condition is that
trade must be balanced. Continuing to use home labor as the numeraire, the

trade surplus of the home country is given by

T = Vx*(v)/c + kV* = Vex(v¥*)y/c (5)
where,
Vx*(v)/c = value of home exports of goods,
kV* = value of home exports of R&D, or technology transfer,
V*x(v*)u/c = value of home impoits of goods.

Using the condition =1 from (4), and substituting for commodity de-
mands from utility maximization, the equilibrium condition T=0 can be written

as

VL* V*L
————— * T emmp— .
{(V+V*) + KV (V+V*) (6)

This trade balance equation is shown as the line OT in Figure 1.

The free trade equilibrium is finally determined at the intersection
of wn* and OT in Figure 1, that is, by the zero profit and trade balance
conditions (4) and (6). Making use of the home country's full employment

condition
L = k(V+V*) + V(x(v) + x*(v))

L+L*

g;g;)c when y=1 ,

= k(V+V*) + vc(
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conditions (4) and (6) can be used to solve for the equilibrium varieties

in the two countries:

l-c L*
R o ) e
v ( ¢ 'k
(L+L*) -

*
X v

<
]

(1-c)

(1-c)? 1
c k

(1-o)® - i ' 7

These equilibrium varieties are shown at the point E in Figure 1.

The dashed line in Figure 1 gives those combinations of country varie-
ties such that the variety of goods produced in each country is proportional
to its size (labor force). It can be seen that at the eguilibrium E the
foreign country produces and exports a disproportionately large variety of
goods; these exports are needed to purchase the imports of goods and technology
from the home country. Because of its technology exports, the home country
produces and exports a disproportionately small variety of goods, as compared
with the position F. It can be shown that F is the equilibrium of a fixed
cost monopolistic competition trade model, in which k=k* and the fixed pro-
duction cost or activity uses resources of the same country in which the goods
are produced, that is, fixed costs are country-specific.5 At F the country
varieties are given by V=(l-c)L/k and V*=(l-c)L*/k.

So far we have assumed that R&D activity takes place only in the
home country, and that goods are produced in both. Since in this equilibrium
wages are equalized across countries, the former assumption is satisfied if
ksk*, so that all firms will choose to develop their technologies in the home
country (or be indifferent). The condition under which goods are produced
in both countries can be found by inspecting (7); the equilibrium variety

produced at home is non-negative only if
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L 1l-c 1
2 ) =G - (8)

Thus, both of our initial assumptions are satisfied in the region (A) of
Figure 2, leading to the trade pattern of technology transfer from home to
abroad and "intra-industry" trade in goods.

If L/L* < 1/(0-1), then the home country will specialize in R&D activity,
with goods produced only in the foreign country. Assuming for the moment that
no technologies are developed abroad, full employment at home requires that
L=kV*, and so the equilibrium world variety is given by V*=L/k, where V=0.

The zero-profit condition for production of goods abroad becomes (see (3))

= (1me) BEE - x

+ uL*

= (1-c) (2 ek =
(1-c) ( L/K -k =0 ) (%a)
which implies
c L L
= (_l-c & = (o-l)L—* . (9b)

Note that R&D activity will take place only at home so long as wksw*k*, or
k/k*su. Finally, it can be shown that home profits from the production of
goods are non-positive so long as u=l.

In summary, the region in which the home country imports all goods and
exports only technologies, while the foreign country exports all goods and
imports only technologies, is shown by (B) in Figure 2. Under this trade

pattern, world variety is determined by V*=L/k, V=0, independent of the

foreign country's labor force. The relative foreign wage is given by (9b),

and is a decreasing function of the relative size of the foreign country.
This may be contrasted with region (A), in which goods are produced in both

countries and wages are equalized.
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Lastly, if the home country is small relative to the foreign labor
force, domestic R&D activity may be unable to support all the desired varie-
ties produced abroad. This occurs in region (C) of Figure 2, where the home
country specializes in R&D activity but the foreign country produces goods
and technologies. Since technologies are developed in both countries we must
have wk=w*k* or p=k/k*. Then from the zero-profit condition for production

of goods abroad we have (see (3))
* *
Tk = (l—c) (L—+f;Tk-&) -k=0 (10a)
which implies
v = (1me) B+ 2. (10b)
k k*

The condition that home profits from production of goods be non-positive is
again satisfied if psl. Thus, in region (C) the relative foreign waée u=k/k*
is independent of country sizes, while world variety given in (10b) depends
on the labor force of both countries.

This completes our description of the various trade equilibria and
patterns. If k>k* in Figure 2 then we just reverse the roles of the domestic
and foreign countries, and consider technology transfer from abroad to home.
In the following section we examine the impact of tariffs on variety, the
relative wage, and welfare under the various trade patterns, focusing our

attention on region (A) where R&D activity occurs only at home with goods

produced in both countries.
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" 3. Effects of Tariffs

When the home country specializes in the R&D activity, as in regions
(B) and (C) of Figure 2, the effect of a uniform import tariff on goods or
export tariff on technologies can be easily analysed. So long as these tariffs
do not change the pattern of specialization, then they will have no real ef-
fects, leaving home and foreign utility and technology transfer kV* unchanged.
These result is most easily seen for the import tariff: since no goods are
produced at hoﬁe the tariff is equivalent to a lump sum tax on consumption,
with the revenue returned, which has no equilibrium effects. A tariff on
technologies can be analysed similiarly.6

Turhing to region (A), where goods are produced in both countries but
R&D occurs only at home, we shall exaﬁine the general equilibrium effects of
a uniform import tariff on goods - denoted by t - and export tariff on tech-
no}ogy transfer - denoted by T. Due to the complexity of this comparative
statics exercise (see the Appendix), we shall examine only small changes in
the tariff rates around zero, that is, small movements away from the free
trade equilibrium. Note that a uniform export tariff on goods and technologies
has equivalent real effects to an equal value of the import tariff on goods;
this is the Lerner Symmetry theorem applied to our model. Therefore, the
effects of an export tariff applied to goods on domestic and foreign variety,
and the terms of trade, can be readily inferred from the comparative statics

results presented below.7

3.1 Import Tariff on Goods

Evaluated at t=0, the effect of a uniform import tariff is

ac - G >0

avx  -Lv* '

dt  c(L+L*) <0 . : (11)
(1 . <0 .

dt  c(L+L*)
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Thus, domestic variety rises, foreign variety and technology transfer kv*
fall, and the foreign wage is reduced. These results may be understood by
noting that the import tariff shifts home demand towards domestic goods,
thereby raising domestic profits and equilibrium variety, lowering foreign
profits and equilibrium variety, and increasing the relative demand for, and
wage of, labor at home. It can also be seen that world variety (V+V¥*) is
reduced:

av Qv _ -Lv*
dat = dat  L+L*

< 0 L

With the import tariff the domestic relative price of imports is u(l+t).
wWhile we expect this price to rise, according to the Metzler effect it is
possible for the foreign terms of trade u to decrease enough due to the tariff
so that u(l+t) actually falls. Evaluated at t=0, from (1ll) we have

d I ’
STaHe)) =1 - ==, (11%)

so that p(l+t) falls if L/(L+L*)>c. In order for the trade equilibrium to
occur in region (A) of Figure 2, as assumed, condition (8) must be satisfied,
which can be rewritten as

L

oow > (1-¢) (8”7)

>c ifc<1/2 .
Thus, if c<1/2 or equivalently 0<2, a Metzler effect occurs, with the domestic
relative price of imports falling due to the tariff; note that this condition
is sufficient but not necessary. The elasticity of substitution and demand
0=1/(1-c) applies to both domestic and foreign tastes, so 0<2 corresponds to
relatively inelastic foreign demand, bearing some resemblance to the Metzler
condition in standard two-good competitive trade models.

Using (11), the change in utility due to the import tariff can be

written as
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au - c * L l=-¢,V*L,

1

var - w V- Q- GVt - oOnERt (12)
_ 1 cLv*
= Q¥ > 0 -

The first term in the decomposition (12) refers to the effect of redistributed
tariff revenue on utility, while the second and third terms are the effects of
the change in the domestic relative price of imports u(l+t) and world variety
(v+V*), respectively. The fall in world variety has a negative impact on utility,
but nevertheless the tariff is welfare-improving. It is interesting to note

that if we ignore the first and third terms in (12) , i.e., disregard the change
in tariff revenue and world variety, then utility rises with the tariff if

and only if there is a Metzler effect; this result can also be derived in
standard two-good competitive trade models. However, continuing to ignore the
redigtribution of tariff revenue but including the decrease in world variety,

utility will necessarily fall with the tariff, since

L l-c, V*L =L*y*
e e 1 § £ . =
c(L+L*) WV ( c ) LtL* L+L*

-(1 - <0 .

e - et cmm

3.2 Export Tariff on Technology Transfer

Evaluated at 1 =0, the effect of a tariff on the export of technologies is

v _ AC e

dt ( c yr >0

av*  -y*

ar - ¢ <0 (13)
au_ _ _ 1-c

dar ( c ) <0 .

Not surprisingly, the tariff reduces the amount of technology transfer kV*.
This reduction in variety tends to raise the demand for all goods, which
increases domestic profits and the equilibrium variety V produced at home;

the shift in the production of goods and labor demand towards the home country

lowers the relative foreign wage u. The tariff on technology transfer also

Lt
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reduces world variety,

av_ . av* e
at Yar -V <o .

The impact of these effects on home utility can be written as

1du _ (1-c) (c(I+TA)V*
Tar = e T + V- v (14)
cgv* > 0, using (4).

2As before,the first term in the decomposition (14) is the effect on utility of
the redistributed tariff revenue, while the second and third terms are the
effects of a change in the domestic relative price of imports u and world
variety (V+V*), respectively. The latter two effects cancel, and welfare is

unambiguously improved due to the tariff on technology transfer.

As mentioned earlier, the effects of an export tariff on goods may be
inferred from the above results using the Lerner Symmetry theorem. Specifically,
taking the difference between the comparative statics derivatives (11) and (13)
yields the effects of the export tariff on domestic and foreign variety;
taking the difference between (11') and (13) 'vields the effect on the domestic
price of imports, ie. the relative foreign wage with an export tariff on goods.
This dependence between the three tariff instruments will be used in the
following section, where we rank the tariffs according to their impact on
welfare.

Before proceeding to this, we should comment on the industry structure
which has implicitly been assumed in the R&D.activity. There are two possibi-
lities. First, :the R&D which accurs at home for production of goods abroad may

ba internally performed by hame subsidiaries of foreign fj.rms.8 This intra~-firm



transfer of knowledge would be difficult to observe and monitor, and in reality,
may be less than fully reflected in the balance of payments. In this case a
tariff on technology exports may not be a feasible policy instrument, and to
affect the level of technology transfer the home country may have to use less
direct policy measures, such as tariffs on the export or import of goods.

On the other hand, it is fully consistent in theory to assume that the
R&D industry is perfectly competitive and external to the goods industry.

With free entry of firms into the goods industry, the demand curve for patented
technologies is infinitely elastic at the level of monopoly profits earned,

net of R&D costs. The supply curve of patented technologies is horizontal at
the marginal cost k (or k* abroad), and equilibrium is established when the
price of a patented technology is k, a result which we have already used. Also,
since the total duopoly profits from two firms selling an identical product
within the goods industry can be assumed less than the monopoly profits, it

is in the interest of both buyers and sellers to ensure that all technologies
are patented, i.e., can be sold to one and only one firm.

This sort of competitive sale of knowledge would be reflected in the
services component of the current account, and should be accessible to policy
intervention. The extent to which technology transfer can be controlled in
reality depends on which of the two possible industry structures is predominant.
When analyzing the effects of a tariff on technology exports in the following

section, we shall be implicitly assuming a competitive R&D activity, external

to the goods industry.
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4. Welfare Ranking of Tariffs

The welfare effect of the tariffs analysed in the previous section

can be directly compared by computing the welfare impact, per unit of revenue

raised, for each of the policy instruments. This exercise can be pexrformed
with or without the redistribution of tariff revenues, where the govermment
may choose to withhold the revenue in order to finance some other interxvention,
eg. subsidization of R&D for domestic use, as analysed in the next section.
It turns out that the ranking of the tariffs according to their welfare impact
is independent of whether revenues are redistributed or not, so we shall make
use of our results in the previous section and only report the case where
revenues are distributed back to consumers.9

To develop some intuition as to the comparative effects of the different
tariff instruments, suppose we arbitrarily hold‘the terms of trade constant.
Then for given varieties V and V%, an.infinitesimal import tariff on'goods
will have no effect on home utility: for a small country the change in
utility due to a tariff evaluated at free trade is zero, implying that the
optimal tariff is zero.

Continuing to hold the terms of trade constant, let us compare this
result with a small tariff on technologies. The change in home utility due
to such a tariff is composed of two texms: the change in tariff revenue,
and the change in utility due to the reduction in technology transfer and thus
variety V*.lo Evaluated at T = 0 the change in tariff revenue. Tkv* is just
kXV*. The tariff will reduce V* according to the elasticity of demand for

technologies from foreign producers, which is denoted eg > 0. Then the

change in home utility, evaluated at free trade, is given by

13U _ L1 AU e ey o LU s 15
Yo T TR AR YV T gm0 (1)
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where A is the marginal utility of income.
To determine the sign of this expression, first consider the foreign
demand for technologies. In the presence of the tariff 1 on technology

transfer, the profits of a foreign firm are given by

m = (o -p) (x(vh) + 3% (vh) - k(l+q) .

Since no R&D is done in the foreign country, the output of any firm is just

L*/V*, and so

T = u(.l'c‘_c).Et - k(l+T) .
v*

Then T* = 0 implies

.(_1_"‘.'].9.. kV* = (1_.:’.)1,* .

The left hand side is the value of technologies transferred abroad, while the
right hand é:lde are total gross foreign profits (ie. before deducting R&D
costs) . In a zero-profit equilibrium these are equal, and since the latter
are proportional to the foreign labor force and therefore fixed, the elasti-
city of foreign demand for technologies e:; is unity. Then from (15), the
qualitative-effect of the tariff on home utility depends on whether

(U/N*) (1/)Xk) is greater or less than one.

For any good purchased by consumers, the marginal utility of consumption
just equals its price times the marginal utility of income. Since k is the
price of technologies (evaluated at T = 0 and with home wages as the num-
eraire), (3U/3v*) (1/Xk) can differ from unity only due to the special nature
of technologies: while V* enters the consumers' utility funétion, it is not

directly purchased, and so the marginal value to consumers need not equal
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its price to firms or resource cost. Notice that if (Ju/IV*) (1/ Ak) did
happen to equal one, as with conventional products, then from (15) a small
tariff on technology transfer would have no effect on home welfare, as with
a tariff on goods,

In fact, in equilibrium (FU/ J*) (1/ k) is less than unity, implying
that a small tariff on technology transfer raises home utility, even when the
terms of trade are held constant. This result may be obtained as follows.
Recall from section 1 that the autarky monopolistically competitive equili-

brium leads to the socially optimal level of variety. This means that with

free trade the varieties V* and V maximize world variety, defined as the sum
the inverse of

of each country's welfare weighted byAits marginal utility of income. Thus,

with free trade

AU/A+ UR/AD) o g

o ' (16)

ie., the marginal value of a new foreign technology equals its marginal cost.
From (16) we see that F/¥* < )k , so that (15) must be positive.

Note that (16) reflects the public good nature of technologies, ie. the
number or variety of products available is identical for all consumers in
both countries, where the monopolistically competitive equilibrium leads to
the socially optimal or Lindahl allocation of this “public good". Together
with the result that e:; is unity, this implies that the loss in utility due
to reduced variety is less than the gain from tariff revenue. More generally,
so long as the foreign elasticity of demand for technologies were inelastic,
we would find from (15) that a small tariff on technologies would be welfare

improving.

Holding the terms of trade constant, we have thus shown that a small

tariff on technology transfer has a greater impact on home utility than a
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small tariff on goods. Of course, in our two country model tariffs will
cause the terms of trade to change, and this effect can be compared per unit
of revenue raised by the tariffs. For the tariff on technologies, the change
in revenues Birw ka* evaluated at. f = 0 is kv*, so dividing this into (13)

we obtain the change in the inverse terms of trade per unit of revenue

raised:
dd _ -l-c, 1
& - e . (17a)
T

Considering the import tariff on goods, revenue is Rt = tx(v*)V*/c, and
evaluated at t = 0, ggt/at = EV*/(V-I-‘V*).11 Dividing this into (11) we obtain

the terms of trade effect per unit of revenue raised for the import tariff:

ol

~L (V+V*) -1l-c 1

'd?t= c@Ar) wr = (T iws

(17b)

since k = (l-c) (L+L*)/(V+V*), from (4). Comparing (17a) and (17b) we see
that per unit of revenue raised the tariffs on technologies and goods have
identical effects on the terms of trade. Combined with our earlier result in
(15) , this suggests that allowing the texms of trade and variety to change
in general equilibrium, a small tariff on technologies may be superior to a
small tariff on goods, as we shall now examine.

For tﬂe import tariff on goods, we can divide the general equilibrium
impact on utility (12) by the marginal revenue effect ORp /0t = LV*/(V+V*),

and simplify to obtain

1 L ., _ s L
A&, T 1 Qs - SO T
= = 1, (18)
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where A 1is the marginal utility of income. Similiarly, for the tariff
on technology transfer we divide (14) by the marginal revenue effect KV#*

and simplify to obtain

~ L L
-T2 BTE- 7 B (19)

Rd Ll
&8

As usual, the first terms in (18) and (19) are the effect of redistributed
tariff revenue on utility, the second term reflects the change in the domestic
relative price of imports, while the third term is the effect of the change
in world variety. As noted in the previous section, for the import tariff
the fall in utility due to reduced world variety always exceeds the rise
(if any) due to a Metzler effect, so the change in revenue per unit revenue
(18) is less than unity. However, for the tariff on technologies the terms
of trade and world variety effects just cancel, and so utility rises by more
than for the tariff on goods.

We can readily extend our analysis to include an export tariff on goods,
since as noted earlier, a combined export tariff on goods and technologies
is equivalent to an equal value of the impoxt tariff on goods. Measuring the
impact on utility per unit of revenue raised, this means that a weighted -
average of the utility change for the export tariffs on goods and technologies
equals the utility change for the import tariff on goods, where the weights
are the proportions of goods and technologies in total exports. Combined
with our result above, we therefore obtain a unique welfare ranking of the
three policy instruments, for small movements away from the free trade equili-

brium: the welfare gain per unit of revenue raised is maximized for the

export tariff on technology transfer, followed by the import tariff on goods,

with the export tariff on goods the poorest policy alternative.
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5. Subsidization of R&D for Domestic Use

A policy instrument which we have not yet considered is the subsidization
of R&D done to produce goods domestically. As we now show, this policy is
welfare-improving. Recalling that with CES utility functions the autarky
equilibrium is also the social optimum, it seems likely that the subsidization
of R&D for domestic use together with tariffs on trade complete the list
of desirable policy interventions.

Subsidizing the development of technologies for home use at the ad
valorem rate s requires that revenue of skV be raised from domestic consumers.
Note that this policy is relevant only in region (A) of Figure 2. Domestic

profits are given by
™= (% - 1) (x(v) + x*(v)) - k(1-s)

- %*
(L skv +—SL ) _ k(1-s) , d= c

(V+ Ve )

= (1l-c)

which can be compared with (2). Domestic profits are an increasing function

of the subsidy: evaluated at s=0,

an A
as = ~OkR(GER) + k
v*
= (I-o)k(75%) + ck >0 .

The general equilibrium response to a change in the subsidy can be
computed from the equilibrium conditions m=w*=0 and T=0 (see the Appendix).

Evaluated at s=0, we obtain

2
%}=cv+-‘-1=-;-°)—-v*>o '
av* 1l-c
as = "G <o (20)

n

»
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As expected, subsidization of R&D for domestic use increases the variety of
goods produced at home and exported. The level of technology transfer kv+
falls, while the shift in the production of goods and demand for labor to-
wards the home country reduces the relative foreign wage. The effect of the

subsidy on world variety (V+V*) is ambiguous as,

av av* fd
LY 4 —— = - - * .
as cVv (l1-c)V* < 0

Using (20) the change in utility due to the R&D subsidy can be written

as

@ Qo)
as - (vavny v

(IA4L*)
L

% + (cV - (1-c) V% + V*} ‘ (21)

The first term in the decomposition (21) gives the negative impact on utility
dt}e to the revenue-cost of the subsidy. The second term is the effect of
changing world variety, while the third term is the positive impact on utility
of the decrease in the domestic relative price of imports u. It turns out
that this positive terms of trade influence is large enough to dominate the

first two effects; using (4) and (6) it can be shown that

=

au
3;"' c(l-c)_k_%f. > 0.

Thus, starting at the free trade equilibrium, a small subsidy on the develop-

ment of technologies for home use is welfare-improving.
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6, Conclusions

A significant conclusion of this paper is the efficacy of an export
tariff on teéhnology transfer. This result has been derived within a static
framework where the level of technology transfer is endogenously determined
by the optimizing behaviour of firms. As discussed at the end of section 3,
the feasibility of this policy intervention depends on the industry structure
within the R&D activity: if R&D is internally performed by home subsidiaries
of foreign firms then this technology transfer may be difficult to monitor
and tax.12 On the other hand, if technologies are developed externally to
the goods industry and marketed, then policy controls applied to the sale of
technologies abroad would appear to be feasible.

It is useful to compare our result with that of Rodriguez (1975, section 1).
Using a Ricardian model with a fixed number of goods (ie. two), and ignoring
the costs of Rs&D, he finds that an optimal lump-sum royalty payment applied
to the technology of one good is superior from the point of view of the trans-
ferring country to an optimal export tariff applied to the same good. This
result, while similiar to ours in that it underscores the strength of tariffs
(lump-sum royalties) applied to technologies, differs substantially from our
principal conclusion in its derivation. Rodriguez obtains his result from the
lump-sum nature of the royalty payment, as compared with royalties charged
per unit of prdduction or ad valorem tariffs on goods. Any monopolist can
extract a greater surplus from the buyer by presenting only an "all or nothing"
choice on a bundle of commodities (in this case, the entire quantity produced
by the transferred technology), and the transferring country acts in this way
when charging the optimal lump-sum royalty. The resulting situation is
Pareto=-optimal since product prices are identical across countries, consumers,

and firms: the royalty payment has shifted the two countries along the world
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contract curve to the point where the country receiving the technology has
the same level of welfare as in autarky, and the transferring country has
secured the maximum gain. This type of reasoning does not apply to our
analysis, since we have examined only small tariffs around the free trade
equilibrium. As shown in section 4, our results depend on the extent of
change in technology transfer when a tariff or royalty payment is applied,

in addition to properties of the free trade quilibrium when the optimal variety
is produced, while these considerations do not appear in Rodriguez' model.

Of course, it would be interesting to extend our analysis and examine optimal
tariffs, in which case the reasoning which Rodriguez uses should apply, but
these reasoning would be in addition to the effects we have separately
identified.

Pursuing this comparison further, suppose we inquire as to the effects
of small tariffs on technologies (ie.lump-sum royalties), or goods, in the
Rodriquez model with a fixed number of goods and technologies. Let us assume
that the royalty payments are govermment financed by lump-sum taxes in the
receiving country, so that they have no direct effect on product prices.

Then a tariff on technology transfer will affect the terms of trade simply

by the transfer of royalty payments between the countries. If tastes are
identical across countries, as we have assumed, then the terms of trade are

not affected by this transfer, and the tariff on technologies will increase
home welfare (real income) by the amount of revenue or royalty payments col-
lected. In contrast, the welfare impact of a tariff on goods can be decomposed
into the tariff revenue effect, and also tpe change in the domestic relative
price of imports. Only if the latter is zero will welfare rise by the amount
of revenues collected. Otherwise, welfare will rise by more.or less than the
redistributed revenue depending on whether the domestic relative price of

imports falls or rises. In the absence of a Metzler effect, this price rises
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with the tariff on goods, and so per unit of revenue raised the tariff on
technology transfer has a greater positive impact on welfare than the tariff
on goods,

Thus, our results may be viewed as a substantial generalization of this
proposition to the case of endogenous levels of variety and technology transfer,
as determined in a monopolistically competitive equilibrium. Interestingly,
in this framework the efficacy of a tariff on technologies as compared to goods
is independent of whether a Metzler effects occurs or not, as explained by the
discussion at the end of section 3.1: with the number of goods endogenous,
the reduction in world variety due to a tariff on goods implies that welfare
(real income) rises by less than the tariff revenue, even in the presence of
a Metzler effect.

Lastly, what may be inferred from our results concerning national
poiicy the U.S. or other technology exporting countries? First, it would
be incorrect to conclude that these countries should impose tariffs on tech-
nology transfer, since our welfare results have been derived in a static setting
without consideration of tariff retaliation, or more efficient instruments and
organizations which could redistribute income internationally. However, it does
seems valid to apply our results, for example, when evaluating the desires
of groups such as U.S. labor for restrictions on technology transfer.

A priori, one may question why these groups should be more concerned with the
export of technologies than with the export of raw materials or intermediate
products, which presumably could lead to as great an expansion of foreign
output, exports, and resulting competition at home. Our results point to a
special role of technologies as distinct fécm goods, which is quite consistent
with the desires of these special interest groups, and useful in forming a

positive interpretation of their lobbying efforts.
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Appendix

The consumer's utility maximization problem is

\'/ v
max S x(v) av subject to [ p(v)x(v)dv = I (A1)
o (o)

where p(v) and x(v) are the price and quantity consumed of good v, I is income,
and V is the total variety (measure) of goods available; for the moment we are
not distinguishing between domestic and foreign goods. The elasticity of sub-
stitution between goods is given by o=1/(1l-c)>1, where 0<c<l is assumed.

The first-order conditions for (Al) are

cx(v)c“1 = Ap(v) , 0sv=v,

where A is the marginal utility of income. It follows that

x(v) = ()\p(v)/c)-0

and
v < v -a
J p(v)x(v)dv = (A/c) S plv) d@v=1 ,
o o

where d=c/(l-c)=0-1>0. The commodity demand functions are then given by

v
x(v) = p(v)-OI/f P(v)-ddv . (A2)
o

Thus, the (positive) elasticity of demand for any good equals ©.

To derive the free trade profit equations (2) and (3), first note that
the profit-maximizing prices for goods produced at home and abroad are given by
w/c and w*/c, respectively, since the élasticity of domestic or world demand
is 0=1/(1-c). Substituting these prices into (A2), and noting that I=wL and

I*=w*L*, we cbtain the quantities consumed
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x(v) = cL/(vvh Y, x(v®) = 1 % (v),
(a3)

x*(V) = pcl*/ (Ve Y, x*(v4) = 1 % (v),

where p=w*/w, x(v) and x(v*) are the quantitites consumed at home of domestic
and foreign goods, and x*(v) and x*(v*) are the quantitites consumed abroad of
imported and local goods. Using (A3) we obtain the free trade profits given
in (2) and (3).

For the case of an ad valorem import tariff on goods at rate t, with the
revenue redistributed to domestic consumers, the quantities consumed (A3) are

modified as

x(v) = c(L + tx(v*)V*/c)/ (V4V* (p(1+t)) %)

x(v*) = (u(1+t)) Ox(v) | (Ad)

X*(V) = pcLt/(V4+vra %), x*(v*) = u Ox*(v)

where Rt=tx(v*)v*/c is the tariff revenue. Substituting (A4) into the profit
equations
1
T = (-c- = 1) (x(v)+x*(v)) - k
(a5)

a* = (% - 1) (x(V*)+x*(Vv*)) - k,

we obtain expressions for the profits from product development at home and
abroad.
For the case of an export tariff on goods at rate Tx' or on technology

transfer at rate Ty (A4) and (A5) must be modified as follows. For the export

tariff on goods revenue is RT =Txx*(v)v/c, while the relative price of imports
x .

for home and foreign consumers is u and (1+Tx)/u, respectively. For the export
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tariff on technologies revenue is RT =1ka*, the relative price of imports for
k
home and foreign consumers is y and 1/u, while the R&D costs for foreign pro-
ducers is k(l+Tk).
The comparative statics is performed using the equilibrium conditions

m=1*=0 and trade balance. This calculation is simplified by rewriting the

trade balance (surplus of the home country) T as follows:

L]
1l

(1+Tx)Vx*(v)/c + (1+Tk)kV* - V*x(v*)u/c

{pL* = vex*(v*)u/cl + (l+rk)kv* - V*x(v*)u/c
using the budget constraint for foreign consumers

VEx* (v*)/c + Vx*(v)(l+tx)/uc = L¥*

V*l.l * * * * *
- —c—(x(v ) + x*(v¥)) + (1+'rk)kv + L

T =
= = v* (n* + k(1+71,)) + (1+1, )kV* + uL*
(1-c) k k
since
m = (B - ) (x(v) + x*(vA) - k(L)
T =~ w*v*/(l—c) - (1+1k)kv*c/(1-c) + uL* . (ne6)

Setting w*=0 in (A6), the equilibrium condition T=0 can be written as

T = uL¥* - (1+Tk)kv*c/(1-c) =0 . (A7)

The comparative statics are performed on the system
T=0

T=0

n-n* =0,
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.

where the second equation refers to (A7). Letting T denote any of the three

tariffs, or the subsidy on R&D for domestic use, evaluated at T=0 we obtain

av T
T

avt| = M1 T, ar , (A8)
- R

du nT “T

where
— —
- (V+V*) ok - S(2-c)
(1) 1 v - =y
-1 v+
M = F 0 -1 v*
0 0 1l

To complete the Appendix we must specify the values of nT, n:, and

TT which are substituted into (A8), as follows.

(1) Import tariff on goods: Evaluated at t=0,

Lv* =LV
(V’+V*)2

(2) Export tariff on goods: Evaluated at Txfo,
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(3) Export tariff on technologies: Evaluated at T

q* = L=e)kV*

T = (1-c)kVv*
X7 ’ . *
T V+v 'tk V+v

(4) Subsidy on R&D for Domestic Use: Evaluated at s=0,

k,

_ (1-c)kv* x o —(l-c)kv*
Tg = Ck+ v+vr ! Ts = V+V*

’

k

=0,

T

o SCkV* _
(1-c)
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Footnotes

1 See Dixit and Stiglitz (1977, p. 30l1). They work within a more general
framework, where production of a homogenecus numeraire commodity occurs; this
good must be omitted to obtain the result stated in the text. The result is
also proved in a more general dynamic mocdel by Judd (1980).

2 In writing these utility functions we index goods such that the foreign
index v* exceeds the home index v. As discussed below, under certain assump-
tions we shall find that no good is produced in both countries with trade.
Note that an asterisk on v refers to the origin of production, while an
asterisk on x refers to the origin of demand.

3 An alternative assumpfion which would imply that no good is produced in
both countries is that in addition to the fixed costs of R&D, there are also
fixed country-specific production costs. So long as the country-specific
fixed costs are positive and tariffs are infinitesimally small, a fimm will
never f£ind it profitable to produce a good in both countries, since the
additional profits which could be earned by taking advantage of lower wages
abroad would be less than the fixed costs of establishing the foreign plant.
However, under this alternative assumption the comparative static results
reported below would have to be modified slightly, to take account of the
demestic and foreign labor engaged in the fixed production cost activity.

4 Of course, with large tariffs firms may produce in both countries, and
our model thus very naturally extends to an analysis of mutinational firms.
The authors are currently engaged in this research, which shall be the topic
of another paper.

5 fThis is a special case of Krugman (1979a).

6 The tariff on technology transfer in regions (B) and (C) is analysed in

greater detail in an earlier draft of this paper, Feenstra and Judd (May 1981).
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7 The effects of an export tariff on goods are analysed in greater detail
in Feenstra and Judd (May 198l1); see also the discussion at the end of this
section, and in the Appendix.

8 In section 2 we ruled out the possibility of a firm producing the same
good in both countries, but with multi-product firms located in both countries
we may still observe internal transfers of knowledge.

9 For the case in which tariff revenmues are not redistributed, see Feenstra
and Judd (May 198l1).

10 For the purpose of this intuitive exercise, we hold V constant. In fact,
holding the terms of trade fixed, the tariff on technologies would tend to
increase V due to the redistribution of tariff revenues and the reduction

in foreign variety, both of which increase home demand. This rise in Vv

would reinforce our conclusion below that a small tariff on technology trans-
fer, while holding the terms of trade fixed, increases home welfare.

11 This expression may be derived from the demand function (A3), in the
Appendix.

12 In this case the govermment would have to use indirect methods to restrict
technology transfer, such as a tax on the domestic R&D activity of foreign
firms or foreign profits of home-based firms. These instruments are analysed

in the authors® current research on multinationals; see footnote 4.
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