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Tariffs, Technology Transfer, and Welfare

Robert C. Feenstra

Calimbin University

Kenneth L. Judd

Nerthwestery University

[t is foune that the welfare gain per unit of revenue raised is
maximized for an expore tanff on technology transfer, followed by
an impaort tariff on goods, with an expaort tariff on goads the poorest
policy alternarive. These results are derived within a monopolistic
competition madel, where the production of any good requires some
initial research and development (R&D), and technology transfer
oceurs when R&D is done i one country for praduction of goods in
the other. An inwniove explanation is presented, based on the
public-good nature of R&D and also the elasticity of demand for
technologies from firms.

I. Introduction

[tis widely recognized thac the transfer of technology from developed
to less developed countries has an important impact on the pactern of
trade and relative incomes across countries. A positive description of
such technology transfer was presented some years ago by Vernon
(1966), and the hypotheses of his celebrated “product cycle” have led
to numerous empiriczl studies. But, unforwnately, ic is difficult ro
obtain welfare-theoretic policy implicadons from the product cycle
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theary, since it is not explicitly based on the optimizing behavior of
economic agents. In an important contribution, Krugman (19794)
develops an analytical model of the product cycle and obtains several
welfare implications of changes in innovation and technology trans-
fer. In his model the Jevels 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 apen question. Before policy recommenda-
tons can be made, this relationship must be determined. Other
analyses of technology transfer are presented by Rodriguez (1975},
McCulloch and Yellen (1976), Findlay (1978}, and Pugel (1980, in
press).

In this paper we shall endogenously determine the level of technol-
ogy transfer in an optimizing framework and examine the effects of
tariffs on technology transfer and welfare. Qur basic model is similar
ta that of the recent theoretical literature on monopolistic competition
and trade (see esp. Krugman 1979a, 19794, see also Dixit and Nor-
man 1980; Lancaster 1980; and Helpman 1981), which can be re-
viewed as follows. These models assume some fixed costs of produc-
tion, resulting in economies of scale. Naturally, the fixed production
€ost or activity uses resources of the same country in which produc-
tian occurs. With a monopolistically competitive market structure, the
number or variety of goods produced is salved for in the zero-profit
equilibrium. A change in trade opportunities due to liberalization or
commercial policy will then affect world variety, which has a welfare
impact additional to the usual welfare effect with a fixed number of
goods.

Our analysis differs from these fixed cost models of monopolistic
competition and trade in that the “fixed" production activity need not
oceur in the same country where production takes place. Specifically,
we shall assume thar 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 nonstochastic constant. Analytically, these
R&D costs are idenrical to the fixed costs of the usual monopolistic
competition model, except that the R&D costs are not counuy
specific. We shall identify R&D acrivity done at hame for production
of goods abroad as “technology transfer,” and the extent of this
technology rransfer can be measured as the number of goods de-
veloped 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,
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our model and equilibrium are static. That is, all goods are developed,
produced, and consumed within the same (single} period. Equilib-
rium is obtained when a sufficiently large variety of goods are de-
veloped 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 transfer: 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 ro deter
application to a trade model at the present time.

Second, we shall assume that the tastes of each country are repre-
sented by identical symmetric CES utility funcuons. Symmetry of the
utility function within any industry or group is needed to use free-
entry monopolistic competition as the equilibrium concept. Then
when a single group of commodities and a constant elasticity of
substitution are assumed, it is known that under autarky the
monopalistically competitive equilibrium is identical to the social op-
umum. That is, under autarky government intervention is not
needed. Using a symmetric CES udlity function is therefore hoth a
limitation and a virtue: If rariffs 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 udility funcrion we are able to
separate carefully the role of waniffs 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 o different trade patterns. In Section 111 we examine the
effects of tariffs on technelogy transfer and welfare, considering in
turn a uniform impore tariff on goods and an export tariff on tech-
nology transfer; the effects of an export tariff on goods can he
inferred from these results. We consider only the effects of small
changes in tariff rates around zero, that is, small movements away
from the free trade equilibrium. In Section IV 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

" Dixic and Stiglicz (0977, p. 301) work within a more general framework, where
production of a hamogeneous numeraire commodity occurs: this good must be omitced
to obtain the result stated in the text. The resulc is alse proved in a more general
dynamic model by Judd (1980).
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intuitive explanation for this result is presented, based on the public-
good nature of R&D and also on the elasticity of demand for
technologies from firms. In Section V we extend our analysis to
include subsidization of R&D for domestic production of goods as a
policy instrument; canclusions are given in Secton VI. The deriva-
tions of mathematical results are gathered in the Appendix.

II. Trade Equilibrium and Patterns

We assume chat labor is the only factor of production, where the
endowments of the hame and foreign countries are given by L and L*,
Labor in the two countries is equally efficient at producing goods,
with one unit of labor required per unit of output, but has different
efficiencies in the R&D activity: & units of home labor are needed 1o
develop the technology for any good, whereas #* units of foreign
labar are required. Note that labor cannot migrate between the
countries. Home and foreign wages are denoted by w and w*, where p
= w*fw is the relative foreign wage.

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

8 vt
U :f x{v )y -F—f x{(v*) du*, G=<c=1 (1a)
Lt ?
and
I P+1*
L ZJ- **u)do +J‘ x*(u*)do*, 0<¢<1, (1h)
L] T

where IV oand V* denote the variety {measure) of home and foreign
goods produced, x(z) and x(v*) are the quantities consumed at home
ot domestic and foreign goods, and x*(z} and x*{(v*) are the quantities
consumed abroad of imported and local goods? The parameter ¢ of
the udlity funcrion is related to o, the elasticity of substitution, by o =
1 —¢)hyo > L

Several known properues of the CES utility function can be re-
viewed (see App.). The elastucity of home, foreign, or world demand
for any good is given by o = 141 — ¢). 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

o writing these udlity functions we index goads such thar the foreign index v*
exceeds the harme index v. As discussed below, under certain assumptious we shall fucl
that no goml is produced in boch couneries with trade. (An asterisk on o refers o the
origin of procuction, while an asterisk on x refers o the origin of demand )
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cost. Thus, & = w*/w is the relative price of imported goods, or the
inverse terms of trade, for the home country.

[n writing the utility functions (la) and {1b) we assume that no good
is produced in both countries in the trade equilibrium. This assump-
tlon can be justified on the basis of positive fixed costs to transferring
abroad a technology developed for use at home. That is, let £ (£*)
denote the amount of home (fareign) labor needed to develop a new
technology for producing a good in either country, while z {(z*} de-
notes 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 rrans-
ferred between countries. So long as the fixed costs z and 2* are
positive and tariffs on trade are infinitesimally small, then no good
will be praduced 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 countries {e.g., to “jump” a tariff harrier} clearly
depends on the difference in wages, and when tariffs are infinitesi-
mally small then 50 are the additional profits. In particular, the profits
will be less than the fixed cost of transferring an additional technol-
ogy, so this activity will not occur, Now that we have established that a
single firm will not produce a good in bath countries, 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 specialize in different goods. Therefore, with infinitesimally
small tariffs and positive fixed costs to transferring an existing tech-
nology, no good will be produced in both countries with trade.?

T An alternative assumption implying that na good is produced in both countries is
that in addition to the fixed costs of R&D there are fixed country-specific producrion
costs, So long as the country-specific Axed costs are positive and wariffs are infinitesi-
mally sall, a irm will never find 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 resuls reported below would have to be
madified slightly to take account of the domestic and foreign labor engaged in the fixed
production cost actvity. Under either assumption, with large tariffs firms may produce
in both countries, and our madel thus very naturally extends to an analysis of multina-
tional firtms.
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Firms in either country will choose to develop their product
technologies in the country where R&D costs wk or w*k* are mini-
mized. 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 assumption, the extent of technology
transfer is given by F*wk, that is, the variety of goods developed at
home but produced abroad, multiplied by the R&D cost per good.

If we use home lahor as the numeraire (so w = 1) and solve for
commodity demands from udlity maximnization, the domestic and
fareign profits trom developing and marketing any good are given by

7= (l - l)[x(v) + x*(w)] — &

c

@)
N 1 4 M
R A v N A
and
= (£ — uffews) -] b
N T A S 3)
‘_,(Ld(]- C)W k,

where for convenience we have introduced the symbold = ¢/(1 —¢) =
o — 1 > 0. A more detailed derivation of these profit equations is
given in the Appendix.

If we assume free entry, an equilibrium condition of our model is
that the variety of gaods availahle must be sufficiently large such that
profits are nanpositive in each country. If we assume for the moment
that goods are produced in both countries, from (2) and (3} the
condition 7 = 7#r* = 0 implies

on=wtw =1,
WV + V% = (1 — oL + L*)k].

The first condition states that wages are equalized across countries.
The second condition determines the extent of world variety V + P7*
and is shown as the line wa* 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, we can give the trade surplus of the home country as

T = [Fx*(u)fe] + &V* — [PHx(e*)ulc], (5)

where Fx*(v)/e = value of home exports of goods, &F* = value of
home exports of R&D, or technology transfer, and V*x(uv*) ufc = value
of home imports of goods.
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O Y
Fra. |
If we use the condition p = 1 from (4) and substitute for commodity

demands from utility maximization, the equilibrium condition T = @
can be written as

pL* U
TR + kY = AT (6)
Combining this with (4) we obtain
Piv* = (eliL® — (1 — o), (6"

which 1s shown as the line OT in figure 1, along which trade is
balanced. Condidons (4} and (6) can be used to salve for the equilib-
rium varieties in the twa countries:

V*:(I_C)E

¢ k
v= (g LB g )
l_ 2 *

These equilibrium varieties are shown at the point £ in figure 1.
The dashed line in figure 1 gives thase combinations of country
varieties such that the variety of goods produced in each country is
pmp()rtlonal to its size (labor force). It can be seen that at the equilib-
rium E the foreign country produces and exports a dispropor-
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tionately large variety ot goods; these exports are needed to purchase
the imports of hoth goods and technology from the home country.
Because of its technology exports, the hame country produces and
exports a disproportionately small variety of goods, as compared with
the position F. [t can be shown that F is the equilibrium of a fixed cost
monopalistic competition trade model, in which & = &* and the fixed
production cost or activity uses resources of the same country in
which the goods are produced; that is, fixed costs are country
specific.® At F' the country varieties are given by ¥ = (1 — ¢)(L/k) and
F* = (1 — c}(L*k).

So far we have assumed that R&D activity takes place anly in the
home country and that goods are produced in both. Since in this
equilibrium wages are equalized across countries, the former as-
sumption is satisfied if £ = k*, so that all firms will choose to develop
their technologies in the home country (or be indifferent). The con-
dition under which goods are produced in both countries can be
found by inspecting (6) or (7); the equilibrium variety produced at
home is nonnegative only if

L _t1—e¢y_ 1
F:( c )_(cr—l)‘ ®)
Thus, both of gur mitial assumptions are satisfied in the region (4} of
figure 2, which leads to the trade pattern of technology transfer from
home to abroad and “intraindustry” trade in goods.

If L/L* << 1/{c — 1), then the home country will specialize in R&D
activity, with goods produced anly in the foreign country. If we
assume for the moment that no technologies are developed abroad,
full employment at home requires that L = &F*, and so the equilib-
rium world variety is given by '+ = L/, where V¥ = 0. The zero-profit
condition for production of goods ahroad becomes (see [3]}

T+ = (1 - C}(M} —k

I*
{Ya)
; #
_— _6)(%_)_;{:0,
which implies:
¢ VL _ . _ L

Nate that R&D activity will take place only at home so long as wk =
w*k* or kk* = p. Finally, it can be shown that home profits from the
production of goods are nonpositive so long as g = 1.

* This is a special case of Krugman {1979a).
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* %*: (e} _1)%

O Yo-1y L/

Fie. 2

In summary, the region in which the home country imports all
goods and exports anly technologies, while the foreign country ex-
ports all goods and imports only technologies, is shown by (8) in
figure 2. Under this trade pattern, world variety is determined by F*
= Lk, V = 0, independent of the foreign country’s labar faorce. 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 (4), in which goods are produced in both countries and wages
are equalized.

Last, if the home country is small relative to the foreign labor force,
domestic R&D activity may be unable to support all the desired
varieties produced abroad. This aoccurs in region (C} of figure 2,
where the home country specializes in R&D activity but the foreign
country produces both goods and technologies. Since technologies are
developed in both countries we must have wh = w*k* or p = klk*
Then from the zero-profit condition for production of goods abroad
we have (see [3])

L+ L¥(h/k*)

= (] - c)[ P ] — k=0, (10a)

which implies:

(10b)

)

pe=(-ofp
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The candition that home profits from production of goods be non-
positive is again satisfied if # = 1. Thus, in region (C) the relative
foreign wage o = A/k* is independent of country sizes, while world
variety given in (10b) depends on the labor force of hoth countries.

This completes our description of the various trade equilibriums
and patterns. If &£ > 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 (A4), where R&D
activity occurs only at home with goods produced in both countries.

HI. 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 an export tariff on technologies can be easily analyzed. So long as
these tariffs do not change the pattern of specialization, then they will
have no real effects, leaving home and foreign utility and technology
transfer AF* unchanged. This result is most easily seen for the import
tariff: since no goods are produced at home the tariff is equivalent to
a lump-sum tax on consumption, with the revenue rerurned, which
has no equilibrium effects. A @riff on technologies can be analyzed
similarly.

Turning to region (4}, where goods are produced in both countries
but R&D occurs only at home, we shall examine the general equilib-
rium effects of a2 uniform import tariff on goods—denoted by t—and
export tariff on technology transfer—denoted by 7. Due to the com-
plexity of this comparative statics exercise (see App.), we shall exam-
ine only small changes in the tariff rates around zera, that is, small
movements away from the free trade equilibrium. Note that 2 uni-
form export tariff on both 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
etfects 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?

* The wrift on technology transfer.in regions {B) and (C) is analyzed in greacer detail
in an earlier draft of this paper {Feenstra and Judd 1981).

® The effects of an export tariff on goods are analyzed in greater deail in Feenstra
and Judd (1981); see also the discussion at the end of this section and in the Appendix.
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A Import Tariff on Goeods

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

ayr 1 —-c LI+

R e P

dbi’+ —LI7#

dr c(L + L% <0, (15
dp _ —L < (.

at (L + L*)

Thus, domestic variety rises, foreign variety and technology transfer
&F* fall, and the foreign wage is reduced. These results may he
understood by noting that the import tariff shifts home demand
toward domestic goods, which raises domestic profits and equilibrium
variety, lowers foreign profits and equilibrium variety, and increases
the relative demand for, and wage of, labor at home. It can also be
seen that world variety (V¥ + F*) is reduced: (dV/dt) + (dV*ide) =
—LVH(L + L*) < Q.

With the import tariff the domestic relatdve price of imports is p(]
+¢). While we expect this price to rise, according to the Merzler effect
it 1s possible for the foreign terms of trade u to decrease enough due
1o the tariff so that w(1 + ¢} actually falls. Evaluated at ¢ = 0, from (11)
we have

_L
oL +L*°

sa that w(l + ) falls if LAL + L*) > ¢ In order for the trade
equilibrium to occur in region (4) of figure 2, as assumed, condition
{8) must be satisfied, which can be rewritten as

_ L
L+ L*

%[#(1 +tl=1- (117

> —¢)
(8)

Zcife = W4
Thus, if ¢ < ¥ or equivalently ¢ < 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 sub-
stitution and demand o = 1/(1 — ¢) applies to both domestic and
foreign tastes, so ¢ < 2 corresponds to relatively inelastic foreign
demand, bearing some resemblance to the Metzler condition in
standard two-good competitive trade models.

Using (11}, we can write the change in utility due to the impaort
tariff as
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%%=(Vfw_)[r/*—[1— c(LiL*)]V*_(lC_C)LV:i*]

_ 1 )CLV*
(V+V* L+ L#*

> 0. (12)

The first term in the decomposidon (12) refers to the effect of redis-
tributed 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
+ ¢} and waorld variety (V' + F*), respectively. The fall in world variety
has a negative impact on utility, but nevertheless the tariff is welfare
improving. Itis interesting to note that if we ignore the first and third
rerms in (12), that is, disregard the change in rariff revenue and warld
variety, then udlity rises with the tariff if and only if there is 2 Metzler
effect; this result can also be derived in standard two-good competi-
tive trade models. However, if we continue to ignore the redistribu-
tion of tariff revenue but include the decrease in world variety, utility
will necessarily fall with the cariff, since

— 1 = 0,

_ L }V*—( 1 Hc) T o
(L + LY ¢ L+ L* L+ L*
B. Export Tariff on Technology Transfer

Evaluated at 7 = 0, the effect of a tarift on the export of technologies
is

d—i=(l_‘5)V*>0,
d;* = _f* <0, (13)
AR

Not surprisingly, the tariff reduces the amount of technology transter
&V*. This reduction in variety tends to raise the demand for all goods,
which increases domestic profits and the equilibrium variety ¥ pro-
duced at home; the shift in the production of goods and labor de-
mand toward the home country lowers the relative foreign wage p.
The tariff on technology transfer also reduces world variety, (dV/dr)
+ (dV¥d7)y = —~V* < Q,
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The impact of these effects on home utility can be written as

1dU _ (1—¢) [ ek +L¥p* —
T dr VTR 3 Y-y
chi*
=
=0

(14)

using (4}. As before, the first term in the decomposition (14) is the
effecc 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 w and world variety (V¥ + F'*), respectively. The latter
two effects cancel, and weltare is unambiguously improved due to the
tariff on technology transfer.

As mentioned earlier, the effects of an expaort tariff on goods may
be inferred from the results above 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 beteen (11')
and (13) yields the effect on the domestic price of imports, that is, 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 wel-
fare.

Before proceeding to this, we should comment on the industry
structure which has implicitly been assumed in the R&D activity,
There are two possibilities. First, the R&D which occurs at home for
production of goods abroad may be internally performed by home
subsidiaries of foreign firms” This intrafirm 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 o
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 ather hand, it is fully cansistent 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 de-
mand curve for patented technologies is infinitely elastic at the level of
monapoly profits earned, net of R&D costs. The supply curve of
patented technologies is horizontal at the marginal cost £ {or &*
abroad), and equilibrium is established when the price of a patented

" [n Sec. I we ruled out the possibility of a firm producing the same good in boch
countries, but with multiproduct firms located in both countries we may stll abserve
internal transfers of knowledge.
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technaology is &, 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, that is, can be sold to one and anly 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.

IV. Welfare Ranking of Tariffs

The welfare effect of the tariffs analyzed 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 performed with or without the redistribution of tariff revenues,
where the government may choase to withhold the revenue in order
to finance some other intervention, for example, subsidization of
R&D for domestic use, as analyzed 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 report only the
case where revenues are distributed back to consumers ?

Ta develop some intuition as to the comparative effects of the
different tariff instruments, suppose we arbitrarily hold the terms of
rrade constant, Then for given varietes V' and F*, an infinitesimal
import tariff on goods will have no effect on home utility: for a small
country the change in utilicy due to a tariff evaluated at free trade is
zero, which implies that the optimal tariff is zerg.

Continuing to hold the terms of trade constant, lec us compare this
result with a small tariff on technologies® The change in home utility
due ta such a tariff is composed of two terms: the change in tariff
revenue and the change in udility due to the reduction in technology
transfer, and thus variety F*.19 Evaluated at 7 = 0 the change in tariff

¥ For the case in which rariff revenues are not redistributed, see Feenstra and Judd
{1981). With revenues withheld home urility is a decreasing function of the various
tariffs, and so compung the welfare impact per unit of revenue raised corresponds to
the balanced-budget incidence of the tariffs.

* In this exercise we hold g constant, which is the inverse commodity terms of trade.
The price of exparted technologies relative to imported commedities is given by (1 +
i, which waries when we change r while holding p fixed.

' For the purpaose of this intuitive exercise, we hold ¥ constant. [n fact, if we hold the
terms of trade fixed, the tariff on technologies tends to increase ¥ due to the redis-
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revenue 7hF* is just £/*. The tariff will reduce F* according to the
elasticity of demand for technolagies from foreign producers, which
is denoted ¢ = 0. Then the change in home utility, evaluated at free
trade, is given by

LoU _,p LU

1
_ L # o B | .
» ot N ovepr o Tk (l v

au
ay* v p

(15)
where A is the marginal urility of income.

To determine the sign of this expression, first consider the foreign
demand for technologies. In the presence of the tariff r on technology
transfer, the profits of a foreign firm are given by w* = [{(nic) —
wllx(w® + x*(u*)] — &(1 + 7). Since no R&D is done in the foreign
country, the output of any firm is just L*F*, and s

—— — k(] + 7).

ﬂ*:#(lﬂcjf}i

Then =* = 0 implies

(L +7)

by = (—-ll‘f—)m

¢
The left-hand side is the value of rechnologies transferred abroad,
while the right-hand side is total gross foreign profits (i.e., before
R&D costs are deducted). In a zero-profcequilibrium these are equal,
an< since the latter are proportional to the fareign labor force and
therefore fixed, the elasticity of foreign demand for technologies ¢ is
unity. Then, from (15), the qualitative effect of the tariff on home
utility depends on whether (8 U/ F*}(1/0k) is greater or less than one.
For any good purchased by consumers, the marginal utlity of
consumption just equals its price times the marginal utility of income.
Since k is the price of technologies (evaluated at 7 = (} and with home
wages as the numeraire}, (GUAV*) (1 k) can differ from unity only
due to the special nature of technologies: while '* enters the consum-
ers’ utility function, it is not directly purchased, and so the marginal
value to consumers need not equal its price to firms or resource cost.
Naotice that if (dU/AV*)(Lixk) did happen to equal one, as with con-
ventional products, then from (15) a small tariff on technology trans-
fer would have no effect on home welfare, as with a tariff on goods.
In fact, in equilibrium (@U/AV*)(1/Ak} 1s less than unity, which
implies that 2 small tariff on technology transfer raises home utiliry,
even when the terms of rade are held constant. This result may be

tribution of tariff revenues and the reduction in foreign variety, bath of which increase
home demand. This rise in V¥ reinforces our conclusion below that a small ariff on
technology wranster, with the terms of trade held fixed, increases home wellare.
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obtained as follows. Recall from Section I that the autarky monopolis-
tically competitive equilibrium leads to the socially optimal level of
variety. This means that with free trade the varieties F* and ¥
maximize world variety, defined as the sum of each country's weltare
weighted by the inverse of its marginal utility of income. Thus, with
free rrade,

UMY + (U]
ar*

= k; (16)

that is, the marginal value of a new foreign technology equals its
marginal cost. From (16) we see thatdUU/@V* < Ak, so that (15} must be
paositive.

Note that {16) reflects the public-good nature of technologies; that
is, the number or variety of products available is identical for all
cansumers in both countries, where the monopolistically competitive
equilibrinm leads to the socially optimal or Lindahl allocaton of this
“public good.” Together with the result that ¢ 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 is inelastic, we would find from (15) that a
small raritf 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
atility than a small tariff on goods. Of course, in our twa-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 R, = T4V * evaluated at7
= 0 is &/*. Dividing this into (13) we obtain the change in the inverse
terms of trade per unit of revenue raised:

i e 172

If we consider the import tariff on goods, revenue is R, = te{v*)} */c
and evaluated at¢ = 0,dR /At = LV*/V + V'*)."* Dividing this into (11)
we obtain the terms-of-trade effect per unit of revenue raised for the
import cariff:

dp _ —L (V+V*)=H(l—c)kpl]*'

dR, (L + L% Ly
since & = (1 — o)[(L + L¥/(V + V*)] from (4). Comparing (17a) and
{17b) we see that per unit of revenue raised the tariffs on technolagies
and goods have identical effects on the terms of trade. Combined with

(17b)

[

" This expression may be derived from the demand function (A3) in the Appendix.
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our earlier result in (15), this suggests that if we allow the rerms 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 the import tariff on goods, we can divide the general equilib-
rium impact on utility {12) by the marginal revenue effect 8R, /8¢ =
LV*/(V + V*) and simplify to obtain

Il

LdU _ [ _ L }_1—(:) L
x dR, (L ¥ L% ( c | L+L*

(18)
:#{ 1,
L+ L*

where & is the marginal uiility of income. Similarly, for the rariff on
technology transter we divide (14) by the marginal revenue effect £l *
and simplify to obtain

dU L L

l — - =
x dR, b L ¥ L*) (L +L#H L (19)

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 imparts, while the third term is the effect of
the change in world variety. As noted in the previous sectian, for the
import rariff the fall in udlity due to reduced world variety always
exceeds the rise (if any) due to a Merzler effect, so the change in
utility per unit revenue (18) is less than unity. However, for the
tarift on technologies the terms of trade and world variety effects just
cancel, and so utility rises by exactly unity and thus by mere 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 both goods
and technologies is equivalent co an equal value of the import tariff on
goods. If we measure the impact on udlity per unit of revenue raised,
this means that a weighted average of the utility change for the export
taritfs 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 obrain a unique welfare ranking of the three
policy instruments, for small movements away from the free trade
equilibrium: The welfare gain per unit of revenue vaised is maximized for the
expart 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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V. Subsidization of R&D for Domestic Use

A policy instrument which we have not yet considered is the subsidi-
zation of R&D done o produce goods domestically. As we now show,
this policy is welfare improving. If we recall that with CES utility
functions the autarky equilibrium is also the social optimum, it seems
likely thar 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 sk¥ be raised from domestic
consumers. Note that this policy is relevant only in region (4) of
figure 2. Domestic profits are given by

T = (l — IJ[JC(U) + x¥(y)] — A(1 —3)
c

(L — sh¥V + pl®)
(V + VN

—k(1-35), d=--—52",

l —¢

=(l —¢)

which can be compared with (2). Domestic profits are an increasing
function of the subsidy: Evaluated ats = 0,

T - c)k(ﬁ-) "
=(l - c}k(V—i:}T) + ch > Q.

The general equilibrium response to a change in the subsidy can be
computed from the equilibrium conditions 7 = 7* = 0 and T = ( (see
App.). Evaluated at s = 0, we obtain

_ 2
dds ¢
df:-(lc_c)w{o' (20)

du 11—«
(=<0

As expected, subsidization of R&D for domestic use increases che
variety of goods produced at home and exported. The level of tech-
nology transfer £V* falls, while the shift in the production of goods
and demand for labor toward the home country reduces the relative
foreign wage. The effect of the subsidy on world variety (V/ + F*) is
ambiguous, as {dV/ds} + (dF*/ds) = V7 ~ (1 — )% = ().
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Using (20} we can write the change in utility due to the R&D subsidy
as
1 du (I—¢)f_ , (L+L¥

Uds  @w+vnl ¢ T

+ [eF — (1 — e)E] + F*l (21

The first term in the decomposition (21) gives the negative impact on
utilicy due ro 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 . It turns out that this positive terms-of-trade influence is
large enough to dominate the first two effects; using (4) and (6) we
can shaw that

1 44 kI *
_—_— = — [
77 ds <1 <) I 0.

Thus, if we start at the free trade equilibrium, a small subsidy on the
development of technologies for home use is welfare improving.

VI. Conclusions

A significant conclusion of this paper is the efficacy of an export tariff
on technology transfer. This result has been derived within a static
framework where the level of technology transfer is endogenously
determined by the optimizing behavior of firms. As discussed at the
end of Section II1, 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 ** On the other hand, if
technologies are developed externally to the goods industry and mar-
keted, then policy controls applied to the sale of rechnologies abroad
would appear to be feasible.

It is useful to compare our result with that of Rodriguez (1975, sec.
1). Using a Ricardian model with a fixed number of goods (two) and
ignaring the costs of R&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 transferring country to an optimal export tariff
applied to the same good. This result, while similar to ours in that it
underscores the strength of riffs (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

"* In this case the government would have 1o use indirect methads to restrict technol-
ogy transfer, such as a tax on the domestic R&D activity of foreign firms or foreign
profits of home-based firms.



TARIFES 1161

the royalty payment, as compared with rayalties charged per unit of
production or ad valorem tariffs on goods. Any monopolist can
extract a greater surplus from the buyer by presenting an “all or
nothing” choice on a bundle of commodities {in this case, the enrire
quantity produced by the transferred technology), and the rransfer-
ring 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 pay-
ment has shifted the two countries along the world 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 IV, our results depend on the
extent of change in technology transfer when a dariff or royalty
payment is applied, in addition to properties of the free trade equilib-
rium when the optimal variety is produced, while these considerations
do not appear in Rodriguez's moadel. Of course, it would be interest-
ing to extend our analysis and examine optimal tariffs, in which case
the reasoning Rodriguez uses should apply, but this reasoning would
be in addition to the effects we have separately identfied.

Pursuing this comparison further, suppose we inquire as to the
effects of small tariffs on technologies (i.e., lump-sum royalties) or
goods in the Rodriguez model with a fixed number of goods and
technologies. Let us assume that the royalty payments are govern-
ment financed by lump-sum taxes in the receiving country, so that
they have no direct effect on product prices. Then a tariff on technol-
ogy 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 collected. In contrast, the welfare impact of a wriff on
goads can be decomposed inta the tariff revenue effect and also the
change in the domestic relative price of impaorts. Only if the larter 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 with the rariff
on goods, and so per unit of revenue raised the rariff on rechnology
transfer has a greater positive impact on welfare than the tariff on
goads.

Thus, our results may be viewed as a substantial generalization of
this proposition to the case of endogenous levels of variety and tech-
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nology 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 effect occurs or not, as explained by the discussion at the end
of Section I114: 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.

Last, what may be inferred from our results concerning national
policy in the United States or other technology-exporting countries?
First, it would be incorrect to conclude that these countries should
impose tariffs an technology transfer, since our welfare results have
been derived in a static setting without consideration of tariff retalia-
tion or more efficient instruments and organizations which could
redistribute income internationally. However, it does seem valid to
apply our results, for example, when evaluating the desires of groups
such as U.5. labor for restrictions on technology transfer. A priori,
ane 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, exparts, and resuling competition at
home. Qur resulis point to a special role of rechnologies as distinct
from goods, which is quite consistent with the desires of these special
interest groups and useful in forming a positive interpretation of
their lobbying efforts.

Appendix
The consumer’'s utility maximization problem is
maxfuux(u}“dv
subject to
fuup(v)x(u)dv =1, (A1)

where p(v] and x{z) are the price and quantity consumed of good w, [ is
income, and ¥ is the total variety (measure) of goods available; far the
maoment we are not distinguishing between domestic and foreign goods. The
elasticity of substitution hetween goods is given by ¢ = 1/(1 —¢) > 1, where 0
< ¢ < | is assumed.

The first-order conditions for (Al) are ex(w)* ' = Ap(v), 0 = v =V where A
is the marginal utility of income. It follows that x{w) = [Ap(v)ic])™* and

v v
f ployx(eide = (Me)™" f P4y =1,
o a
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whered = ¢/(l — ¢} = a — | > 0. The commaodity demand functions are then
given by

x¥(w) = [p{vy™] /[J‘:p(v)"“dv}, (A2}

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

To derive the free trade profit equations (2) and (3), first note chae the
profit-maximizing prices for goods produced at home and abroad are given
by w/e and w*fc, respectively, since the elasticity of domestic or world demand
is @ = 1/(1 — ¢). Substituting these prices into {A2) and noting that/ = al and
i* = w#*l*, we obtain the quantities consumed:

— o, —d F*y — —tr.
w(@) = LIV + V), x(v*) = w (), (A3)
x¥u) = pel MV + PHu) ¥ (w*) = pm % (o),

where u = w*w, x(v) and x(v*) are the quanrities consumed at home of
domestic and foreign goods, and x*(v} and x*(u*) are the quantities consumed
abread 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 ¢, with the
revenue redistributed to domestic consumers, the quantities consumed (A3)
are modified as

x(o}y = ¢{L + [t =l |}/{V + F* (]l + )77},
x(w¥) = (] + )] % (), (A4)
¥¥(w) = pel MY + VR, x4 (o%) = (o),

where R, = tx(@*)F"*#/c 15 the tariff revenue. Substituting (A4} into the profit
equations
1
T = (— - l][x(v} +x*a)] — & (A5)

&

and

= (£ = el + ) - b,

we obrain expressions for the profits from product development at hame and
abroad.

For the case of an export tariff on goods at rate 7,, or on technology
transfer at rate 7., (A4} and {A5} must be modifed as follows. For the export
tariff an goods revenue is R, = 7,x*{v)Pie, while the relative price of imports
for home and foreign consumers is g and {1 + 7.}/, respectively. For the
export tariff on technologies revenue is R,, = 1,41, the relative price of
imports for home and foreign consumers is g and 1/, while the R8I cost
for foreign producers is £(1 + 7).

The comparative statics are performed using the equilibrium conditions = =

7* = {) and trade balance. This calculation is simplified by rewriting the trade
balance (surplus of the home country) T as follows:

T = (1 + 7Vl + (1 + mdhb* — (Vo (u*)pie]

= (pl* — Ve yle)} + (1 + 70k — [V t(o®) e
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if we use the budger constraint for foreign consumers (F*e*(v*)ic] +
{Fx*e)(l + r.)ue]l = L*, then

T=- _&Vj [e(w*) + x*(@¥)] + (1 + r k% + pL*

- - (IV* AR U AT RO T
— £
since % = [(pfe) — pllx(e*) + «*(0*}] — (1 + 7}, then
T = — (%1 — o)l — [(| + kb ecl(] — )] + pl*. (A6)

Setting m* = 0 in (AB), we can write the equilibrium condition T = 0 as
T = ul* — [(1 + r)F*c/(l — )] = 0. (A7)
The comparative statics ave performed on the system: 7 = 0, T = 0, 7 — 7*
= 4, where the second equadion refers to (A7). Letting 7 denate any of the

three taritts or the subsidy on R&D for domestic use, evaluated at 7 = 0, we
obtain

a7 7.
vl = -M~* T, dr, {A8)
du o=
where
—
—c(V + V¥ | _pf] 2 —¢)
(L—a) (1l -¢
M-t = PX
! ] Q -1 =
L 0 0 1

To complete the Appendix we must specify the values of 7, #%, and 7',
\‘.th,h are substitured into {A8), as follows:
Dmpart !mg_rf an u’uod\ —Evaluated at ¢ = Q: 7, = LV*RY + )2 =
—LVI(V + PR T, =

2. Erpmrzaug‘ on L{'{J()(){ﬂ —Evaluared at 7, = 00w, = —L¥*¥Y + P*)2 g7 =
LAV + Vx)e, =0, -

3. f\pmc cmajj‘ on technologees. —Fvaluated at 7, = O m, = (1 — QR+
ey ek = {(U - V¥ + P*)] - & T, = —chF*(]l = ¢) = —L*

4. Suhudy an RETD far domestic m‘p.—Evaluated ats = 0w, = ch + [(1 -
ARVHY + VR, 2 —(] — RPHY + VR T, = 0,
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