A revised version of this working paper was published in G
Koopman and H. E. Scharrer, eds., The Econom cs of Hi gh-
Technol ogy Conpetition and Cooperation, Nones

Ver | agsgerel | schaft, Hanburg, 1996, 31 - 63.



THE ECONOM CS OF TECHNOLOG CAL PROGRESS AND ENDOGENOUS GROWH

I N OPEN ECONOM ES

By

Francisco L. Rivera-Batiz
Associ ate Professor of Econom cs and Educati on
Col umbi a University
New Yor k, New York 10027

January 1995

* Paper prepared for the Conference on The Econom cs of High-Technol oy
Competition and Cooperation in G obal Mar ket § HWAA- | nsti t ut f Or
W rtschaftsforschung, Hanmburg, February 2-3, 1995.

1. 1 NTRODUCTI ON

Is international trade an "engine of growth"? Do trade liberalization ad



i ncreased openness |lead to higher rates of econom ¢ expansion? This has ben one
of the nobst controversial issues in international economics over the years. From
Adam Smith and John Mayna d Keynes to Hans Singer and Raul Prebisch, the debate
bet ween pro-traders and protectionists has raged over the years.

In the 1950s and 1960s, the vision that trade restrictions ad
protectionismlead to higher growh rates took hold among nmany policynmekers
particularly in Latin Anerica. |In the formof inport-substitution strategies,
trade restrictions proliferated. Mre recently, in the 1980s and 1990s, there
has been a rising perception anmong the public, policymakers and many acadeni cs
that the question of whether or not trade |eads to greater econom ¢ growt hshoul d
be answered affirmatively. The proliferation of free trade zones, trad
liberalization initiatives, and the successful conpletion of the Uruguay Round
of the General Agreenent on Tariffs and Trade (GAT) are testinony to the rising
faith in trade as an engine of growh. Yet, there is a vocal and influentih
mnority which continuesto assert that trade liberalization is deleterious for
gr owt h. For instance, econom st Lance Taylor, of the New School for Socih
Research, affirnms that there are "no great benefits (plus sonme loss) in folow ng
open trade and capital nmarket strategies ... developnment strategies orientd
internally may be a wi se choice towards the century's end.?

As the debate on the issue of how trade and growth are connected continues
econom ¢ research on the topic accumul ates. New i deas about how trade andgrowt h
are interconnected energe, refueling the controversy. Thi s paper presentsa
sunmary of the key econom ¢ nechanisns postulated in recent years about hw
openness is linked --or not linked-- to increased rates of growh of donestt
out put .

A sinmple correlation of openness with income growh rates in a cross
section of countries does not show a clear directional pattern. Figure 1, for

exanpl e, plots nominal |levels of protection (as neasured by nom nal tariffrates)

! Taylor (1991), p. 141.



versus output growh for a sanple of European countries in the nineteenh
century. These data do not result in a statistically significant relationship
bet ween protectionismand econonic growth; if anything, the figure appears b
i ndicate a positive connecti on between protectioni smand grow h?

Unfortunately, such casual enpiricismis m sleading. In examning tle
sinple correl ati on between protectionismand growh, other factors that infuence
economi ¢ expansion are ignored. Since these other factors nay be related ¢ both
trade and growth, they may generate a spurious relationship between the tw
variables. |In order to exam ne nore adequately tle connection between trade and
growth, a multivariate amlysis is required. Such an analysis can then be used
to exam ne how protectionism affects econom c growth, holding other variable
const ant.

The existing enmpirical literature studying in a nore rigorous way the
connection between openness and growth overwhel m ngly suggests that increasd
trade or reduced protectionism are linked to greater economic growt h. Fo
i nstance, in a recent paper, Sebastian Edwards finds that: "after taking inb
account the roles of capital accunmulation, growmh in the |abor force, ad
technol ogi cal gap, countries with higher degrees of trade intervention tend to

FI GURE 1

THE SI MPLE CORRELATI ON BETWEEN ECONOM C GROWH AND PROTECTI ONI SM
I N THE NI NETEENTH CENTURY

2 On the basis of this data, Bairoch (1972) has made the argunent tha
income growth is positively affected by protectionism see, however, th
different interpretation made by Capie (1994).
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Source: Forrest Capie, Tariffs and G owh (Manchester: manchester University
Press, 1994), Table 2, p. 41.

grow, on average, slower than countries with lower trade restrictions.?®
Simlarly, Barro (1995) included tariff rates in a regression analysis 6
vari abl es explaining economic growth in a cross-section of countries, findig
that "the estimated coefficient is significantly egative," and concl uding that:
"This result brings out another channel through whch distortions of markets can
reduce the growth rate.™

Even when a negative enpirical relationship between protectionism ad

econom ¢ growth has been established, holding other things constant, there b

8 S. Edwards, "Openness, Qutward Orientation, Trade Liberalization ad
Economi ¢ performance in [Rvel opi ng Nations," NBER Working Paper No. 2908, March
1989, p. 51. In another mper, Edwards has surveyed the enpirical literature on
trade and grow h; see S. Edwards, "Openness, Trade Liberalization and Gowh in
Devel opi ng Countries," Journal of Economic Literature Vol. 31, Septenber 1993.

4 Barro (1995), p. 438; see also Lee (1993).
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still an ambiguity arising fromthe fact that correlation does not necessarily
imply causality. As a growing literature on the political econony &

protectionism indicates, reduced growh may generate a reaction agains

international trade, resulting in the inposition of tariffs and reduced openess.

In this case, the causality goes fromreduced growh to reduced trade, not the
other way around.® One is, therefore, motivated to look explicitly at tl

vari ous ways through which openness causes growth. Further enpirical analysis
woul d then be dictated on testing whether these particular connections ae

enpirically valid.

What are the nechani sns through which trade affects economic growth? The
nodern theory of economc growth suggests that, although increased supplies of
factors of production such as physical capital and |abor, account for a
substantial portion of growmth, it is technol ogical change that explains npost of
the increased productivity of the |abor force and, therefore, income per-capita.
As Paul Krugman has aptly summarized the issue: "Mere increases in inputs
without an increase in the efficiency with which hose inputs are used, must run
into dimnishing returns; input-driven growh is inevitably Iimted. How, then,
have today's advanced nati ons been able to achi eve sustained growh in percapita
i ncone over the past 150 years? The answer is that technol ogi cal advances have
led to a continual increase in total factor productivity --a continued rise in
national inconme for each unit of input.'™

In order to investigate how trade affects growth, one must focus on hw
openness influences technol ogi cal change. This paper provides a survey of the
effects of trade on growth by exami ning the various ways through which openness
af fects technical change.

Qur approach follows therecent literature on endogenous growh theory in

5 A discussion of this, and other issues, relating to theconnection between
trade and growth are explored by Bhagwati (1988), chapter 1.

6 Krugman (1994), p. 68.



assum ng that technol ogi cal change is not exogenous but affected instead bya
nyriad of econonic parameters. Openness, of cour®, is one of these paraneters.
Commerci al policy, for exanple, which restricts trade, can influence technol o-
gi cal change by influencing donmestic rivalry and conpetition, reallocatig
resources anong sectors and industries in the econonmy, and fostering o
di scouragi ng donestic resarch and devel opment. Note that the interest of this
analysis is not to predict technological change, a matter which my b
probl ematic, but instead to explain better some of the forces that influence it.
As Zvi Giliches has noted: "G ven the fundanental uncertainties entailed in the
creative act, in inventim, and in innovation, there is no reason to expect the
fit of our nobdels to be hgh or for the true residual to disappear. W shoul d,
however, be able to explain it better ex post even if we cannot predict it."

The inpact of trade on economic growth can be examined within two tim
frames: mediumterm and long-run.® Wthin a mediumterm context, trade alters
gromth over a certain period of time but the inmpact is only tenporary
di sappearing after a while. In a long-run growthcontext, however, the focus is
on how trade alters the econonmy's growh rate in the long-run. |In the latte
case, the interest is not on how trade influencestechnical change and growth in
the short-run or during atransition period. Rather, the focus is on how trade
shifts the econonmy's steady state growth rate.

In this paper, we start by considering the inpact of trade on mediumterm
gr owt h. Later sections then focus attention on |ong-run grow h. The nek
section begins the discussion by review ng how endogenous growth theory fi$ into

the historical analysis of growth accounti ng.

2. ENDOGENOUS TECHNOLOG CAL CHANGE AND ECONOM C GROWH

'Giliches (1994), p. 18.

8 This distinction has been made by Richard Baldwin in a nunmber of papers;
see Baldwin (1992) and (1994).



Based on Sol ow (1956, 1957), growth accounting se&s to explain the growth
rate of aggregate output into various components, mainly the gromh of facto
supplies --usually capital and Ilabor-- and technol ogical progress. Tk

di scussi on begins with a standard neocl assical production function:
Y(t) = A(t) FLK(t),L(t)], (1)

where Y(t) refers to donestic output at time t, A(t), defined as total facto
productivity, denotes an index that relates to the technol ogical level of thk
econony or its stock of know edge, K(t) is the ampunt of capital services, and
L(t) is the labor input. Taki ng proportional changes in both sides of th
equation vyi el ds:

. . KAR . LAF .

Y'Y= AA+) KIK +) L/ L, (2)

Y Y

with dots representing tinme derivatives (A:dA/dt), and F and F_denoting the
partial derivatives of the production function, F, with respect to capital and
| abor, respectively. Equation (1) shows that output growth can be expl ai ned by
the rate of technol ogi cal progress or by the growth of capital and | abor inputs
enpl oyed in production.

On the assunptions of perfect conpetition in factor markets and constant
returns to scale, then the marginal val ue product of capital, PAF, equals the
rental rate on capital, r (with R denoting the price of output, Y), and tte
mar gi nal val ue product of |abor, RAF,, equals the wage rate, W In addition
the sumof the share of capgtal in costs of production, 1,=rK/P)Y, and the share
of labor, 1=W/PJY, add up to one. Incorporating these relationships ad

definitions into equation (2) results in:
YIY = NA + (11)KK + LL/L, (3)

In order to nmeasure the relative roles played by input growth and technol ogi cal

change in explaining output growth, one would have to measure the various
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components of equation (3). Usually, the technol ogical change gromﬂh,.A/A, is
difficult to measure. As a result, Solow (1957) ad others proceeded to conpute
avail able information on the growth of output and inputs, inputing the role of
t echnol ogi cal change as a residual. This is easily seen from equation (3) b

rearranging ternms so that:
ANA=YY- [(11)KK+ 1L/L]. (4)

This provides an inputation of how much technol ogi cal change accounts for gowt h,
based upon i nformation avail able on output and input growth.
In his <classic paper on this issue, Solow (1957) obtained tha

t echnol ogi cal change, as neasured by the residual, explains 87.5 percent of the
increase in gross output per man-hour in the U'S. during the period of 190
through 1949. For the post-war period, recent est mates put technical change as
accounting for 49 percent of the increase in total factor productivity in thk
US from1948 to 1985. A simlar calculation for France yields 76 percent, 78

percent for Gernmany, 55 percent for Japan and 73 percent for theUnited Ki ngdom?®

A nyriad of other studies has confirned the significance of the residual
in accounting for a large share of long-run growmth! In the mediumterm
t hough, many countries hare sustained high rates of growth in income per-capita
t hrough extended accurnul ati on of capital per worker. |In the case of the fast-
growi ng Si ngapore, for exanple, Alwyn Young has suggested that its expansin
since the 1960s has been totally due to increasesin the supplies of capital and
| abor, as conventionally measured.!® In assessing these results, though, ore

shoul d consi der that techol ogi cal changes are often Iinked to increases in the

® Boskin and Lau (1992), p. 47.
1 For a recent survey, see Barro and Xal a-i-Martin (1995), chapter 10.

11 See Young (1992).



stock of capital or labor. Laboratories producingthe | atest new inventions, for
exanpl e, may use highly sophisticated equi pnrent, ad a variety of workers may be
enployed in such ventures. Similarly, new technology nay be enbodied in ne
machi nes. So, in part, physical capital accunulation is determned W
t echnol ogi cal devel opnents, with changes in A and in Kin the earlier equations
intimately linked to each other .2

Growt h accounting has been a useful tool in identifying the significah
role played by the residual in explaining |ong-run growth. However, one needs
to go further in specifying the econonmic forces that determine the residual
Technol ogi cal change, for exanple, constitutes a |arge chunk of what
is symbolically referred to as AAin equation (4), but howis the rate of
techni cal change deternined? Sone authors, for instance, have focused on th
role played by research and devel opnent expenditures in determ ning innovation
[see Giliches (1994)]. Ohers have enphasi zed the | ocal availability of human
capital in fostering technol ogical change [see Roner (1991) and Lucas (1993)].
Yet others have focused on learning externalities [see Stokey (1988), Youg
(1991), and Lucas (1993)]. And sone recent literature has | ooked at the inpact
of cities and urban aggl oneration on mediumterm productivity growth [see iRvera-
Batiz (1988a,1988b, 1994), Eaton and Eckstein (1993), Hanson (1994), and Rauch
(1995)]. What these approaches have in common is that they endogenie
t echnol ogi cal change, | ooking at the forces that increase or decrease the rate
of technical progress in the econony. In terms of equation (1), A is a
endogenous vari abl e, determ ned by economic forces.

The next section provides a nodel of endogenous technol ogical chang

showi ng how trade influences total factor productivity and medi umterm growt h.

3. RIVALRY, TRADE, AND TECHNOLOG CAL CHANGE

2. An argunment made by Lucas (1993) in reply to Young.
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I n exam ni ng the reasons why some firnms have higher rates of innovation ad
are nmore conpetitive than others in different countries, one factor emerges as
critical: the extent of rivalry and conpetition faced by firns is a kg
determ nant of their innovative activities. Insofar as openness and interngi ona
competition increase rivalry and conpetition anong domestic firnms, innovatia
will be stimulated and growth will rise. By contrast, protectionismand ploicies
that restrict trade would result in reduced i nnovai on and a sl owdown of grow h.
As M chael E. Porter concludes in his far-ranging study of innovation ad
conmpetition: "Conpetitive advantage enmerges from pressure, challenge, ad
adversity, rarely from an easy life. Pressure and adversity are powerfl
notivators for change and innovation...Conplacency and an inward focus ofta
explain why nations |ose conpetitive advantage. Lack of pressure and chall enge
neans that firms fail tol ook constantly for and interpret new buyer needs, new
t echnol ogi es, and new processes...Protection, in its various fornms, insulat
donmestic firms fromthe pressure of international conpetition?®

The economist F.M Scherer has noted that "even the nost casual observer
cannot escape noticing the invigorating effect rivalry comonly has on indstri al
firms' research and devel opnent efforts.™ In this section, we develop a sinple
nodel showi ng how international trade, by increasing rivalry and conpetition
i nduces firms to engage in greater research and devel opment (R&D) thus | eading
to technol ogi cal progress.

Consi der an econony of the type exami ned by Krugnma (1990), specialized in
the production of slightly differentiated goods in a market structure b
nonopol i stic competition. W first assume that the economy is operating under
autarky, determining its equilibriumin the absence of trade. The effects ©
openi ng the econony to international trade are then discussed. Consuners xhibit

the following Dixit-Stiglitz utility function

13 Porter (1990), pp. 170-171 and 665.
4 Scherer (1986), p. 83.
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n
U= [EGH]¥ (5)
k=1

where G is the quantity consunmed of each differentiated good produced in th
econony, k is an index for denoting each differentiated product, with k=
1,...,n, and 1 is a paraneter with a nunerical vdue between zero and one. Note
that 1 is related to the strength of tastes toward product diversity: as1l
i ncreases towards 1, the products in the industrybeconme |ess differentiated and
product variety loses its val ue.

Consumers maxi nmze profits subject to a budget constraint, given by:
n
lo = E PG, (6)

where B, is the price of commpdity k and |, is the i ncone of consumers. Maxiniza-
tion of equation (5) subject to (6) leads to the following first order conidtion:
I

G =1y 1M (7)

whose price elasticity, ,, is given by:

1
sk =) (8)

1- 11 - 1/n]
This elasticity is always greater than one and rises with the nunber of firm
operating in the econony. This enbodies the fact that a | arger nunber of firns
causes each single producer to | ose some of its influence on aggregate demand,
its monopoly power, nmaking the market nore conpetitive. Each firm faces ths
increased rivalry or conmetition through an increase in the price elasticity of

demand for its own (differentiated) product.®

% I'n the present framework, how mch ,, can increase is bounded by the form
of the utility function, which deternines the elasicity of substitution between
any two given products in the econonmy. As n rises to4, ,. approaches the val ue
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Each firmrequires the use of unskilled | abor in production, given by:

Le = W + BX, (9)

where L, is the unskilled | abor used by firmk, X denotes the output of each
firm the paraneter B represents the amount of vai able | abor per unit of output
and p represents a fixed ampunt of labor, giving rise to fixed costs 6
production. Unskilled labor is hired at a wage rate denoted by W

In addition to unskilled |abor, each firm uses skilled labor, H in
activities relating to research and devel opnent (R&D). This labor is hired at
a wage rate W, and is associated with a supply of R&D which is denoted by A
The amount of R&D produced by each unit of skilled |Iabor (the productivity &
human capital in research and devel opnent activities) is denoted by 1N. The

amount of skilled | abor used by a firmis then:

H = NA (10)

The use of human capital in research and devel opmat activities is assuned
to produce a benefit for the firmin the form of reduced variable costs. Me
specifically, it is assunmed that the fixed |abor requirenent, |, is reduced

according to the R&D undertaken by the firm according to:

He = AT (11)

where the paraneter " is related to the productivity of research and devel oprment
in reducing costs in the firm?¢
Each firm maxi m zes profits, which --using equations (9), (10) and (11)--

are given by:

B = PXo - WBX, - WLACT - WNA (12)

of : 1/(1-1).

% This type of R&D function has been used by Dasgupta (1986) and Dasgupta
and Stiglitz (1980).
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The first order conditions for profit raxi m zation, for the choice variables, X

and A, respectively, are:

P = [ (5-1)] BW (13)
and
Wi, }
A= D gHen (14)
WN

Equation (13) shows that price is a markup above margi nal cost (RBW, where the
markup is related to theelasticity of demand facing a producer. Using equation

(8), one can transform equation (13) into:

P, =(1F) RW (15)

where F = 1 - 1/n. Note that the price markup declines when the nunber
producers rises in the market. This is the nechanism through which increasd
rivalry benefits consuners in the econony: by redeing the extent to which price
i s above margi nal cost.

Equation (14) shows that R&D activities are positively related to the cost
of unskilled | abor (since the higher this cost, the greater the fixed costs of
the firmand, therefore, the larger the benefits of spending on R&D). The R&D
engaged by each firmis negatively related to the price of human capital, W
since R&D activities require expenditures on skilled labor. Finally, R& &
related to the productivity of R&D in reducing cets (') and the productivity of
human capital in generating know edge in the econony ().

For sinplicity, a symetric equilibriumw Il be examined here. Al firns
are thus assumed to face the sanme cost and demand paraneters. Free entry iho the
i ndustry guarantees zero profits, fromwhich the guilibrium output of each firm
is determined (by setting equation (12) equal to zero and substituting theval ues
of P, and A in equations (14) and (15). The result is

1F(1+7) i,
X =) A" (16)
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(1-1F) R

The enpl oynent of unskilled | abor on the part of each firmis then specified by
substituting the expression for X into equation (9), yielding:

1+ 1F"
I-k = ) quk-" (17)

1- 1F

On the symretry assunption, aggregating over all firms in the econony, th
equality of unskilled | abor demand, nlL, with the economy-w de endowrent of
unskilled | abor, L, vyields:

B 14F"

L=nD ) JTHAT (18)

1-1F

where use has been nade of equation (17).

Since L is exogenous, equation (18) has two endogenous variables n and A.
bserve al so that the nunber of firns enters in equation (18) directly through
n but also through F, which is a rising function of n (d/dn>0). Taking into
account these nuances, sare al gebraic manipulation of the total differential of
equation (18) leads to the conclusion that the equation establishes a positive
connection between the nunber of firms, n, and the anount of R&D of each firm
A. The economic intuition behind this result is that, as thenunber of domestic
firms rises, with other things held constant, the demand for unskilled |abo
i ncreases. This augnments the wage rate received by unskilled workers ad
i ncreases the margi nal benefits of R&D, whose purpse is precisely to reduce the
costs of unskilled labor for the firm As the marginal benefits of additional
units of R&D shift upwards, with the marginal cost of R&D held constant (tk
price of skilled Iabor, W, held fixed), an increase in the amunt of R&D, A
woul d occur. This positive |inkage between the naber of donestic firms and the
amount of R&D each firmengages in, 4 is represented by the AA curve in Figure
2.

An additional constraint is inposed by the fixed supply of skilled | abor
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in the econony, H The econony-wi de equality of demand for and supply of killed
| abor is:

Equation (19) gives a tradeoff between the nunber of donestic firms in th
econony and the volume of R&D of each firm An increase in the nunber firns
with other things held constant, increases the demand for skilled labor. Wth
a fixed endowrent of humen capital, to sustain equilibriumin the skilled |abor
mar ket, each firm would have to reduce its demand for skilled |abor. Ths
inmplies that the R&D activities of each firm would decline, reducingA. This
tradeoff is reflected by the downward-sl oping BB curve in Figure 2.

Equations (18) and (19) inmplicitly define the equilibrium nunber of firmns
in the econony under autarky, n, as well as the expenditures on R& and ttle
accurul ati on of know edge, A". In Figure 2, this equilibriumoccurs at point E,
where the AA and BB curves intersect.

Up to this point we have considered an econony unér autarky. \What is the
i mpact of international trade in this context? Tle sinplest setting to consider
is one where the two econonies are identical. Both countries would then hae the
sane nunber and type of consuners, equal factor endowrents, identical techal ogy,
and so on. Wen the two econonies trade, intraindustry trade will energe. Since
all products are differentiated fromeach other, onsumers will w sh to purchase
not only the domestic varieties but also the foreign varieties. This increases
t he nunmber of products consuned in each country. Each econony, however, would
spend the sanme fraction of income on domestic and foreign products and
therefore, there would be bal anced trade.

In terms of the equilibriumat point E in Figure 1, the first thing b
notice is that the donestic skilled | abor market e@uilibriumcondition (equation
(19)) remains unchanged and, therefore, the BB curve remains unaltered. On the
ot her hand, the AA curve, which is determined by the unskilled |abor marke

equilibrium is changed by trade. Equation (18) slws the al gebraic depiction of
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the donestic unskilled | &or market equilibrium The only item of equation (19)
that is altered by trade is the variable F, which determ nes the price markp
charged by firnms above mrginal cost. Under autarky, F depends on the nunber of
donestic firms, n. Under free trade, however, F is related to the total nunber
of firms in the market, not just donestic firms. Wth a greater set of

FI GURE 2

DOVESTI C EQUI LI BRI UM UNDER AUTARKY AND FREE TRADE

DA S R R I N S NS T S R R S T T R
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conpetitors in the now gl obal nmarket, there is nore rivalry and this is refected
in a reduced price markup above marginal cost. Algebraically, the variableF
rises with trade, narrow ng the gap between R and BW (margi nal cost).

In terms of Figure 2, an increase inF shifts the AA curve to AAA . Tte
outcone is that donestic equilibriumis achieved at point E . The opening b
trade is thus associated, first of all, with a drop in the nunber of domestt
firmse fromn to n,. Although the total nunber of conpetitors in the domestic
market rises with trade due to the access to foreign products, the increasd
competition lowers price markups and induces sonme donestic firnms to exit thk
market. At the same tinme, Figure 2 indicates that trade is associated w h
i ncreased R&D expenditures per firm A The increased R&D per firmis a reaction
to the rivalry generated by foreign conpetition. As the number of conpetitos
rises and price markups decline above nmarginal cost, the mrror inmage of ths
phenomenon is an increase in the real wage of unskilled | abor, WR. This higher
real cost of unskilled | abor increases the nargi nh benefit of R&D expenditures,
thus | eading each firmto demand nore human capital. The increased use of killed
| abor per firmthen results in technical inprovenents that |ower costs.

In this npdel, trade is associated with technological change and
therefore, econonmic growh. What is the inpact of this growmh on donesttc
econom ¢ wel fare and how does it conpare with traditional trade nodels unde
nmonopol istic conpetition (such as Krugman (1990))? The wutility derived §
domestic consumers is given by equation (5). On the symretric equilibrim

assunmption, all G's in equation (5) are identical and, therefore:
U = n(=9/1 nG, (20)

But fromthe income constraint, nG=l/P, where |=W.+WH. Substitution into

equation (2)) results in:
U= 2 (WP)L + (W P)H (21)
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Equation (21) shows that donestic utility rises by neans of three nechanissn (1)
the number of differentiated products consuned rises fromn to 2n, due to the
availability of foreign varieties; (2) as the nunler of producers increases, the
real wage rate of unskilled labor, WR, also increases (this is the mirror imge
of the reduction in price markups suffered by producers); and (3) as R&D pe firm
rise, the demand for skilled | abor increases, which, given a fixed stock ofhuman
capital, leads to a hike in the real wage rate of skilled | abor, WP

Utilizing expressions derived earlier, equation (21) becones:
U= YD1F/ B[L + (NAX "u,) H (22)

Al gebrai cally, this shows three nechanisns through which utility is increased:
through n directly, by rising F, and by augnenting A. Note that in the
sinplified nbdels in the previous literature [such as Krugman (1990)], there is
no investnent in R&D and the | ast two nechani sms woul d not arise.

The present npdel incorporates gains fromtrade related to the increased
donestic productivity that foreign conpetition indces through increased rivalry
and conpetition. This increases donmestic total factor productivity and
therefore, econonmic growh. The inpact of trade on growth described in ths
section, however, is mediumterm It would di sappear over time, as the econony
settles at the new equilibrium algebraically described by point E in Figue

2.1 The next section focuses on the effects of trade on |ong-run grow h.

4. TRADE, TECHNOLOG CAL CHANGE AND LONG RUN GROWH

I n exam ning the inpact of trade on long-run growth, it is useful to reviwe

first some of the key forces associated with innovation and |ong-run growth, as

7 Mediumtermgrowth effects may last a long tine. If the econony does not
nove imrediately from autarky to free trade, but it does so gradually
elimpating trade restrictions over tine, the growth effects can be |ong-lsting.
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t hey have ben postulated in the literature.

St udi es of innovation andtechnol ogi cal change suggest that the invention
and devel opnent of new gomds and new i nputs constitute one of the mmjor sources
of nodern economic growh. Insofar as international trade stinulates the ceation
of new goods and inputs, long-run growth will rise. However, as the receh
literature on trade and endogenous growth makes clear, there are mechanism
t hrough which increased trade may actual ly di scoulage i nnovation and thus reduce
gr owt h.

Human capital is one of the key resources used in innovative activities.
The amount of human capital dedicated to innovation in an econony is closey
linked to technol ogical change. Increased international trade can severely
constrain innovation and growh if it tends to generate w de sectoral shifs$ that
reduce the use of scarce human capital in research and devel opment activities.
Such is the case, for example, if trade raises the production of manufacturing
i ndustries intensive in the use of human capital. The increased denand ad
enmpl oyment of skilled | abor within the productionactivities of these industries
woul d drive hunman capital away fromresearch and devel opnent, reducing i nneation
and growt h.

These sectoral effects constitute a potentially penicious inpact of trade
on growh for sone countries. Their inportance is directly related to th
econony's endownent of human capital relative to that of other inputs, ad
whet her conparative advantage dictates that human capital-intensive sectos
expand or contract under trade. It is possible that trade |iberalization ad
econonmic integration with the rest of the world can reduce growh. As GCee
G ossman and El hanan Hel pran have noted: "A country that inports human-capital -
i ntensive goods finds tha international integration reduces derived demand for
human capital and thereby |lowers the cost of innovation. In such a country the
indirect effect of trade also is to encourage growth. But trade nmay i npedegrowt h

in a country that exports human capital -intensive goods because the exportables
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sector draws human capital away fromresearch activities.™

Sectoral effects inply that increased trade or economc integration ca
raise or lower econom c growth.'® There are, however, other mechani snms through
whi ch trade can influence technical change and growth. A pre-condition for nost
i nnovative activity is a body of know edge and ideas upon which new conceps
emerge. Very few innovations totally break with the past. Mst are based o
exi sting ideas.

I nsofar as international trade fosters the transm ssion of know edge and
i deas across any two countries, the additional inbrmation now available in each
econonmy will tend to spur technol ogical change and growth. As Northwesten
University's historian, Joel Mkyr has noted in relation to sone historic @riods
of innovation and growth: "When two previously unconnected civilization
establish contact, technical information is exchanged that may yield potenti al
economi ¢ gains to both...Technologically creative societies started off a
borrowers and typically soon turned into the generators and then the exporters
of technology. In the seventeenth century, England was regarded as a backwad
soci ety that depended onforeigners for its engineering and textile industries;
by the nineteenth century, the directions were reversed. Mdern day East Asa
finds itself in the sane position."®

Wthin this context, restrictions on international trade which reduce fl ow
of technol ogical information across borders are associated not only with té
di stortionary | osses exami ned exhaustively in thetrade literature but also with
negative effects on technical change and |ong-run growth. As David Mwery ad

Nat han Rosenberg have noted in reference to the United States: "efforts b

8 Grossman and Hel pman (1991), p. 170. In another paper, Rivera-Batiz and
Xie (1992) show that integration in goods restricts growh in the high-growh
region and speeds it up in the | owgrowth region.

1 For a sunmary of the various effects of economic integration on nedim
and long-termgrowth, public finance, and regi onal devel opnent, see Rivera-Batiz
and G nsberg (1993).

20 Mpkyr (1990), p.188-189.
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restrict the international flow of basic scientific and technol ogi cal infomation
and research...will inmpoverish U S. citizens..."™

Al though international trade can greatly increase the local stock 6
information available in an econony, this is a necessary but not a sufficieh
condition for growth. The inpact on economic growmh nmay be limted if thk
donestic innovation systanis not able to handle the new know edge. Such is the
case if key local resources are not available that can gainfully use the nw&
i nformati on generated by openness. The next section presents a sinple nodel of
endogenous growth incorporating the role played by national innovation systens

on growt h.

5. NATI ONAL | NNOVATI ON SYSTEMS AND LONG- RUN ECONOM C GROWIH

A national systemof innovation is the network of institutions that suppor
the initiation, modification and diffusion of new technol ogies?? Mor e
specifically, a national innovation system includes "home-based suppliers ad
related industries in those products, conponents, machi nes, or services that are
speci alized and/or integral to the process of innovaion in the industry."? This
section will show how the state of devel opment of national innovation system
i nfl uences technol ogi cal change and growth. The econony considered is a closed
econony. The inplicatiors regarding the inmpact of trade on donestic growth are
exam ned in the next section.

To sinplify the analysis, the nodel used is a straghtforward extension of
Romer -t ype endogenous growth nopdel s.?* We consider an econony whose aggregate

production function is given by:

2 Mowery and Rosenberg (1989), p. 292.
2 Cantwel | (1992), p. 166.

2 Porter (1994), p. 453.

24 See Ronmer (1990).
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Y = HLS® .EAX(i )F (23)
i =

where Y is output of final, consuner goods, H represents the use of hunm

capital in the production of consumer goods, L, denotes the ampunt of unskilled
| abor used in production, and X(i) is the amount of an intermediate or capital
good i used in final goods production, where there are A of these internmedi ate
goods, all slightly differentiated fromeach other. It is assunmed that"™ + 3 +

F = 1.

G ven the synmmetric way in which capital goods enter the productia
function, and the sinmlarity of their cost, and tlkerefore supply, functions --to
be established bel ow- the anmount of each servicethat industry will purchase is
identical. As a result, the aggregate quantity denmanded of each capital god wil |
be X(i) = X. The total demand for capital goods is then given by:; X = nX.

Equation (23) can therefore be transformed into:
Y = AFHLSXF (24)

Equation (24) states that final goods production is related to the quantities of
| abor, capital and producer services demandedand to the number of capital goods
used, A. That the nunber of capital goods used by industry has an effect o
out put independent of tha of their quantity denanded is an outconme of the form
of the sub-production function for capital goods and reflects the presence b
speci ali zati on econonies in the use of intermedi ak& goods. Note that the form of
(24) is such that it canbe interpreted as representing a standard Cobb- Dougl as
production function with inputs given by human capital, unskilled |abor ad
physical capital, with a shift paraneter equal to A¥P. As noted earlier, npst
grow h theory previously assuned that this shift paraneter was exogenously
determ ned [see Sol ow (1956)]. |In endogenous growh theory, though, A represents

the equilibrium nunmber of capital goods produced in the econonmy and is ths
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endogenous.
Profits in the final goods sector, B, are given by:
A A
B =PHLSE X(i)F - W, - WH - E P(i)X(i) (25)
i=1 i =1
where Wis the wage rate for unskilled labor, Wis the wage or return received
by human capital, P(i) represents the rental cost of each "real" capital good i
used in final goods production, and R is the price of final goods. The latter
is normalized to equal 1.
From the first order conditions for profit maximzation, the follow g

expressi ons can be derived:

H="YW (26)

L, = BY/W (27)
and

P(i) = (1-"-B)H/LS X(i) ™" (28)

These inplicitly define the final goods demands for wunskilled |abor, hum
capital and each capital good.

What deternines the nunbe and output of capital goods? The production of
a capital good by a firmor entrepreneur requiressone investnent funds (venture
capital) plus owning a design for the capital good. The investnent funds com
from the savings decisions of consuners. As in the Sol ow nodel, out of toth
output, a certain fractim, C, is consuned and a fraction S is saved, where S =
dK/ dt represents the investnment funds available to firns at a rate of interest,
r. It is assumed that the amount of financial capital required by each capital

goods firm K(i), varies with output:

K(i) = pX(i) (29)

where p is a fixed paraneter denoting the venturecapital per output required by
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firm i. The cost of borrowing financial capital for each firm is the
r(i) =rpX(i).

In addition to the investnent funds, in order to produce a capital good,
a firmhas to purchase a design or blueprint for the capital good. These designs
are produced, in turn, by a research and devel opnent sector conposed of various
types of specialized human capital, all of themograting within the environnment
of a national innovationsystem It is assuned that there are N different types
of specialized human capital in the research sector of the econony. Tk
production function for the research and devel opmat sector is postulated to be:

. N
A=dAdt =* ( EH)Y A (30)

1=1

where H represents the amount of eachspecialized type of human capital used in
i nnovation activities (involving engineering, design, |egal services, etc.),,

is a paraneter between zero and one to be interpreted shortly, and* is a
paraneter reflecting the productivity of the donestic research and devel opnment
sector in creating new product designs out of the stock of know edge, A
available to it.

On the sinplifying assunption that the ampunts of each specialized type of
human capital used in the national innovation system are equal to each other

t hen, equation (30) becones:
A= dAdt =* NEOH A (31)

where Hy, = NH. Equation (31) states that the nunmber of new capital good
desi gned over any given time period is related to: (1) the total amount of human
capital used in the research and devel @ment sector, H, (2) the productivity of
that human capital in designing new products out of the existing know edge, *,
(3) the existing body of know edge, as reflected in the nunber of existig
product designs, A, (4) and the number of different types of specialized human
capital in the research and devel opnent sector, N

The status of the national innovation systemof a country determ nes the
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values of * and N in equation (31). Hi gh values of * are related to highly
productive innovation systems. Lowyielding national innovation environnens
woul d have small vaues of *. If, for instance, the innovation system ina
country is rooted in old, declining technological paradigms, then is
productivity in using the avail abl e knowl edge to devel op new i deas will decline
and the * paranmeter will be smaller. Even though new knowl edge may be flow ng
into the econonmy at a fag rate (increasing A very quickly), the devel opment of
new products will |ag because of the inability of the local innovators to take
the new i deas and desi gn new capital goods based on them This may occur i, for
i nstance, new technol ogi es are bei ng devel oped abroad, which reflect either new
i ndustrial innovations or otherwi se new areas of scientific discovery. In this
case, as John Cantwell has observed: "with the energence of a new paradi gm
t echnol ogi cal | eadership tends to nove away from a society whose institutios
were particularly geared towards problemsolving ativity within the confines of
the previously-prevailing paradi gm'®

The degree of specialization among a country's skilled | abor force may als
influence its rate of tednol ogi cal change. Urban historian Jane Jacobs, anong
many ot hers, has noted that one of the key factors behind the econonm c growh
associated with urbani zation historically has been the great diversity of th
speci alized | abor services in the cities. As she notes: "G aphics consultants,
stationery engravers and designers, specialists inthe ventilation of buildings,
lighting consultants, and advertising agents are sone exanples. Thg
si mul t aneously serve other |ocal organizations providing producers' goods ad
services, exporters, and enterprises supplying consuner goods and services b
| ocal people."?® The specialized |abor allows inveriions of all types to be nore
easily designed, engineered and market ed.

Equati ons (30) and (31) incorporate the productivity of specialized skilld
| abor in generating innovation by adopting a Dixit-Stiglitz-Ethier productino

function which relates the nunber of new products developed in any given tim

% Cantwel | (1992), p. 166.
%6 Jacobs (1969), p. 195.
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period to the array of specialized types of Iaboravailable domestically, N The
exponent , measures the extent of specializationeconomes in the use of skilled
| abor for innovation purposes. The stronger the specialization economes, th
cl oser the value of , to zero, and the greater the inmpact of increased division
of skilled labor on the rate of technical change. On the other hand, as,
approaches 1, specialization loses its value and the role played by Nin egation
(31) tends to di sappear.

Wthin the present nodel, the extent of specialization anmong skilld
workers is assumed to be exogenous. A recent literature on econonic geography,
however, endogeni zes this variable.?” By increasing the extent of the nmarket,
urban agglomeration allows a greater division of labor, leading to a noe
diversified labor force. It is precisely the aval ability of such a diversified
| abor force that boosts innovative activities and stinulates econom ¢ growt h?

Equation (31) retains the traditional role played by increased huma
capital on technical charge, but its inpact on technol ogical change is nediated
by the econony's innovation system Note also that the production of new dsigns
is augnented by the total |evel of knowl edge in the econony, other things thk
same. Such knowl edge is reflected in equation (31) by the total nunber ©
designs, A. This is so because of the non-excludable nature of technol ogy
Everybody has access to the designs and blueprints involved in producing al
capital goods. This information is freely-avail able.

In order to produce a capital good i, a firmmust make an investment, K(i)
plus buy a design for the capital good as supplied by the research ad
devel opment sector. This gives the firmthe right to produce using the design.

The profits of each firm producing capital goods is then:

B(i) = P(I)X(i) - ruX(i) (32)

Maki ng use of equation (28), the first order condition for profit maxim zation

27 See Rivera-Batiz (1988a) and (1988b), and Krugman (1991). A npdel ®
econom ¢ growth based on the growmh of cities is presented in Rivera-Batg
(1994). This model determ nes the division of skilled | abor endogenously.

2 See d aeser and Mare (1994) and Rauch (1991).
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for producer i |eads to:
P(i) = rp/(1-'-B) (33)

Since the margi nal cost of producing a capital good is ry, equation (33) sggests
that the price of capital good i is at a markup above margi nal cost.
Substituting the equilibrium price in equation (33) into the profi

equation in (32) yields:
B(i) = ("+B)P(i)X(i) (34)

These woul d be the produdion profits of each capital goods firmduring a given
tinme period. Fromthese pofits, each firmmust pay for the price of the design
it must purchase in order to produce the capital good i. Denoting the price of
a design by P, then potential entrants into the capital goods market drive the
present value of the profits fromselling the capital good to equal the price of

a design, or:
P, = B(i)/r = ("B)YP(i)X(i)/r = ("+B) (1-"-B)H/LS2 X(i)¥"%r (35)

This determines the price of a design.
Hurman capital is used in the production of final gods and in the research
and devel oprment sector. If the supply of human capital in the econony is fixed

at H, then:
H=H + H (36)

If the human capital narket is conpetitive, the wage rate for hunan capith
in the two sectors --final goods and research/devel opnent-- nmust be equalized
The marginal product of human capital in the production of designs (in th

research and devel opment sector) is:

dA/ dH, = *N=I7-A (37)

And if the price of a design is denoted by R, then the wage rate received by

human capital in the research sector is equal to the margi nal val ue product of
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human capital in that sector:

W = PrANCE (38)

From equation (26), the marginal product of human capital in the final good

sector is:

W= ARSI ) R (39)

Equating (38) and (39) results in:

PFANL D! = ARSI EX(T ) B (40)

And substituting the expression for R in equation (35) into (40) results in:

Ho= [/ N1 B) ("+B) ] (41)

Equation (41) shows that the higher the interest mate, the greater the anount of
human capital allocated to final goods. The reason is that, as r rises, th
present val ue of the profits generated by producing a capital good declines This
pushes down the price of a design and, therefore, the value of the margina
product of human capital in the research sector. A a consequence, human capita
shifts out of research and into final goods production.

Using the full enploynent equation (36):

H=H-H
= H - ["/*NT(1-"-RB)("+B)]r (42)
If the econony is at a steady state, its rate of growth, g, will be:

g = YIY = AA = *NEIH, = *NEILH - [ (1-"-R) ("+B)]r = *N=I0H - Jr  (43)

where J = ["/(1-"-RB)("+B)] is a constant.
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In order to conplete the nodel, the interest ratenmust be determined. This
requires nodeling the consunption/savings decision of househol ds. Fol |l owi ngRoner
(1990), it is assunmed that consumers nmaximze the utility derived from a
infinite stream of consunption beginning at tinme &0, discounted to the present:

14 c(Jrn-1

u=-ey (44)

where the utility function is assuned to be of the constant elasticy type:

SORS!
W =) (45)
1-N

Maxi m zation of utility subject to the budget constraint then | eads to:

c r -1
) =) (46)
C N
If the econony is at a steady state, its rate of growth, g, will be:
g=YY=dC=(rd1)/N (47)

Combi ni ng equations (43) and (47) results in the economy's steady state growth
rate:
*NE-ILH - J1

g =) (48)
NI + 1

In addition, the equilibriuminterest rate is given by:

1+ N*NED/H
r =) (49)

NI + 1
Equation (48) shows the long-run growh of the ecmony under autarky. Note
that, the higher the stock of human capital, the greater the growh rate. B
all owi ng greater human capital enploynment in reseach and devel opnent, econonies
wi th hi gher endowrents of skilled labor will grow faster. This, of course,is the

traditional explanation for high rates of growmh in nmany countries. As Gay
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Saxonhouse notes of Japan: "Throughout the past catury, relative to these other
econom es [other industrialized nations], Japan, while uniquely poorly endowed
with natural resources, has also been well endowed with a high-quality |abo
force and with wunusually thrifty households. These distinctive Japanes
ci rcumst ances nay go a long way toward explaining its superior economc growth
per f or mance. .. "?°

Still, cross-country differences in human capital endowrents fail b
expl ain a substantial portion of growth differentials3 In the nmodel devel oped
in this paper, the inmpact of human capital on thegrowth rate is mediated by the
status of the national innovation system The nore devel oped the innovatian
system of an econony, the greater its long-run growth rate, given the aggregate
endownent of human capital. This is reflected in higher values of * and N, as
di scussed earlier.

What is the inpact of trade on long-run economic growth in the presenh

nodel ? The next section exani nes this issue.

6. THE | MPACT OF | NTERNATI ONAL TRADE ON ENDOGENOUS GROWH

Suppose that, within the franework devel oped in the previous section, two
i dentical econonmies are originally under autarky and suddenly engage in fre
trade. What is the impact on economi c growth?!

Inthis framework, there is production of only one, honpbgeneous final good
We are therefore precluded from exanm ning international trade in final goods
whi ch requires at least two differentiated products. However, the inpact oftrade
in intermediate goods (trade in the capital goods) and in ideas (the flow &
designs or blueprints) can be examned in great detail. This sinplifies thk

analysis by excluding the sectoral effects noted earlier. It would bk

2 Saxonhouse (1993), p. 150.
%0 See Lucas (1993).

8. This is the type of experiment carried out by Rivera-Batiz and Rone
(1992).
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strai ghtforward, though, to extend the nodel to a two-sector econony. Wthin that
context, the issues raised by the present nodel would also apply, though th
overal | inpact on growth woul d depend on how production is altered across sctors
and the relative intensity of human capital utilization in each sector.

For purposes of the analysis, we assune that under autarky the tw
econom es consi dered are produci ng capital goods which are totally differen from
each other. A rationale for this assunption is that technol ogical change tends
to be localized. Innovations follow particul ar paradi gns which nay take di®rgent
paths in different countries, even if those countries have identical facto
endowrent s and consuner tastes. Countries isolatedfrom each other are likely to
follow di fferent paths of invention.

When trade occurs, each ountry has now avail able the ideas and know edge
of the other, as represerted by the stock of blueprints, A The greater body of
knowl edge (twice as nmuch as before) increases the rate of invention and
therefore, growh would rise in both econonmes. Infact, the steady state growth
rate under free trade would be given by:

2NEIH - J1
g =) (50)

NI + 1

The effects of trade on growh can be severely linted by the extent to whe¢h the
national innovation systemcan in fact utilize effectively the new information
and know edge in the production of new ideas. It may be that the specializd
human capital required to use effectively the new i deas and know edge is nb
| ocally available. Synmbolically, the value of N in equation (50) nediates th
extent to which the foreign ideas have an inpact on donestic innovatie
activities. If N is small, openness wll result in a very small growh
i mprovenment. At the same time, if N is large, the inpact on growh could b
substantial. The sanme applies to other aspects of the local innovatie
at mosphere: the more linmted their ability to devel op new products with tk
new y-avail abl e i deas, the smaller the inpact of trade on grow h.

What ever the inpact of the increased flows of ideas and technol ogy across

borders on long-run growth, the present nodel suggests a definite positivei npact
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of trade on nediumtermgowh. The Dixit-Stiglitz-Ethier technol ogy enphasized
by endogenous growth nodels is one where the availability of additional types of
capital goods increases productivity. As the two econonies trade with eachot her,
final goods producers find it profitable to expand the use of capital goods by
adopting those produced abroad. If the two economies are identical, then there
is a doubling of the nunber of capital goods and this has a positive inmpact on
total factor productivity in each country. Indeed, the effect on aggregat

production is:

Y)Y, = 2 (51)

where Y, represents output under free trade and Y is the output under autarky.
Mediumtermgromh is thus augnented by trade by naking available a wider ariety

of capital goods in production.

7. SUMVARY AND CONCLUSI ONS

Is international trade an "engine of growh"? The existing enpirich
literature studying in a rigorous way the connection between openness and growth
overwhel m ngly suggests that increased trade or reluced protectionismare |inked
to greater economc growth. However, when one studies the mechanisns throuf
whi ch trade affects econaric growth, good reasons energe to suspect that, while
openness and trade may sti nul ate econom ¢ expansion in sone countries, it could
reduce growth in others.

What are the nechani sns through which trade affects econonmic growth? The
nodern theory of econonic growth suggests that increased supplies of factors of
producti on such as physical capital and |abor account for a substantial portion
of growth, but that it is technological change that explains npst of tkhk
i ncreased productivity of the |l abor force and, therefore, incone per-capita. In
order to investigate how trade affects growth, one nust focus on how opennes
i nfl uences technol ogi cal change.

Openness can influence technol ogi cal change in many ways. This paper has

focused on several key mechani sns t hrough which trade and i nnovation are rleat ed.
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Firstly, by increasing donestic rivalry and conpetition, trade can indue

domestic producers to increase their R& activities, augnenting innovation and
rai sing nediumterm growh. In exam ning the reasons why some firns have higher
rates of innovation and are nore conpetitive thanothers in different countries,

one factor energes as critical: the extent of rivalry and conpetition faced by
firms is a key determ nant of their innovative activities. Insofar as openness
and international conmpetition increase rivalry and conpetition anmong donmestc

firms, innovation wll be stinulated and growth wll rise. By contrast

protectioni smand policies that restrict trade would result in reduced inneation

and a sl owdown of growt h.

Secondly, trade can affed growth by reallocating resources anpbng sectors
and industries in the ecamony, thus fostering or discouragi ng domestic research
and devel opnent. For instance, hunman capital is oe of the key resources used in
i nnovative activities. The anmount of human capital dedicated to innovation in an
econony is closely linked to technol ogi cal change. | ncreased international trade
can severely constrain innovation and growh if it tends to generate wd
sectoral shifts that reduce the use of scarce human capital in research ad
devel opment activities. Such is the case, for exanple, if trade raises tk
producti on of manufacturing industries intensive in the use of human capitla. The
i ncreased denmand and enpl oynent of skilled |abor within the production actvities
of these industries would drive hunman capital away fromresearch and devel pnent,
reduci ng i nnovati on and growt h.

Thirdly, insofar as international trade fosters the transnmission 6
know edge and ideas across any two countries, the additional information nw
avail able in each economy will tend to spur technol ogi cal change and growt h.
Wthin this context, restrictions on international trade which reduce flows of
technol ogi cal information across borders are associated not only with tk
di stortionary | osses exanmi ned exhaustively in thetrade literature but also with
negative effects on technical change and | ong-run grow h.

Al though international trade can greatly increase the local stock 6
information available in an econony, this is a necessary but not a sufficieh

condition for growth. The inpact on economic growmh nmay be limted if thk
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donestic innovation systemis not able to handle poductively the new know edge.
Such is the case if key local resources are not aail able that can gainfully use
the new i nformati on generated by openness. Substantial supplies of specialized
| abor services are required to engage in the research and devel opnent invol ved
in the creation of new goods. Such supplies may be absent in slowgrow g
econom es. By contrast, economes with a diversity of specialized, highly
skilled, workers available for the research and devel opment of new good
(possibly located withinproximty of each other, in cities) are likely to grow
faster. Under these conditions, trade is nore likely to stinulate higher rates

of long-run grow h.
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