                             Tim e Preference, Productivity, and the Grow th Effects of Integration

By Michael Frenkel  and Thomas Trauth* **

                         Visiting Konrad Adenauer Professor, Georgetown University, Center for Ger man and European

*

                         Studies,  Washington D.C.,and Professor of Economics, WHU - Otto Beisheim Graduate School ,

                         Burgplatz 2, D-56179 Vallendar, Germany

                         University of Mainz, Department of Economics, D-55099 Mainz, Germany

**

                                             Financial support by The German Marshall Fund of the United States  is greatly appreciated.

Abstract

                         Traditiona l trade theory emphasizes static gains form trade, whereas the growing literature
on  endog enous growth is able to explain dynamic gains from trade, i.e., how trade influence s
econ omic  growth. Empirical studies suggest that dynamic gains are likely to be significantl y
more  important than static gains. More recently, a debate has evolved around the question: do
welfare  improving effects of trade still prevail when countries are "unequal" in some sense? Thi s
paper  extends the discussion by investigating how differences in time preference rates and R& D
productivity  under alternative assumptions concerning knowledge diffusion affect the effec t
gr owth.  We show that even when a developing country completely looses competitiveness i n

R&D, it experiences positive welfare improving effects with opening trade.

1. Introduction

                         Traditiona l trade theory emphasizes static gains form trade, whereas the growing literature

on  endog enous growth is able to explain dynamic gains from trade, i.e., how trade influence s

econ omic  growth. Empirical studies suggest that dynamic gains are likely to be significantl y

mor e  important than static gains. Among the theoretical approaches on dynamic trade effects ,

the  Romer  (1990) model has become one of the mainstream models for analyzing th e

interdependence  between trade and growth issues. In this model, growth is driven by private ,

pr ofit -seeking  R&D entrepreneurs who invent designs for new capital goods. These good s

simultaneously increase productivity of further R&D and manufacturing activities. Rivera-B atiz

and  Romer  ( 1991a) extend the Romer model to an open economy and investigate the growt h

enhancin g  effects of integration between two equal countries. Their analysis shows that bot h

countries ex perience positive level and growth effects. In their model, the dynamic gains from

trade  stemalmost entirelyfromthe opening of two channels of international technology transfer .

Firstly,  imports of high-tech capital goods increase the productivity in manufacturing because

of the uniqueness of each capital good, and it augments the diversity of the capital stock. This,

in turn, increases t he potential benefit from specialization. Secondly, technological knowledge

may flow more freely across the borders after trade liberalization, whi ch causes researchers and

engineers to become more productive in inventing new designs.

                         Mor e  r ecentl y, a debate has evolved around the question: do welfare improving effects o f

trade still prevail when countries are "unequal" in some sense? Grossman and Helpman (1990)

show that trade may be detrimental for th e growth process of some countries. Rivera-Batiz and

Romer (1991b) add to the discussion that technology transfer may indu ce allocation effects that

can  lead to a decline in the growth rate. Furthermore, it was argued that developing countries,

in  particular, could loose from trade liberalization and should, therefore, protect their market s

fr om  foreign competition. Rivera-Batiz and Xie (1993) investigate the effects of integratio n

when coun tries differ in their endowments of human capital. They show that indeed economic

growth may fall in one country but, nevertheless, the overall welf are effects across all countries

would be positive. Frenkel and Trau th (1996) consider other differences between countries but

analyze only situations of complete knowledge diffusion.

                         T he  pur pose of the following analysis is to extend the discussion by investigating in mor e

detail how different assumptions concerning knowledge diffusion alter the effects  of integration

among  countries that differ in their demand or supply side structure. We show that even when

a  developingcountry completelylooses competitiveness in R&D, it experiences positive welfar e

improving effects with opening trade. In th is paper, we focus on economic integration between

    Another approach to investigate the effects of integration on g rowth is chosen by Young (1991).
            1

He  us es a learning-by-doing model and presents ambiguous results as to the effects of integratio n
on  lea rning-by-doing induced growth. However, there is no R&D activity in his model. In Youn g

(1 993)  invention and learning by doing are integrated in one model but the focus is on the close d
economy.  GrossmanandHelpman(1994) surveydifferent approaches that deal with dynamic effect s
of trade induced by technology transfer.

countries endowed with a given amount of skilled and unskilled labor. 1

                         The rest of the pape r is structured as follows: Section 2 briefly presents the model which is
taken  from Romer (1990). This section also develops key implications which are used later in
the  analysis. Sections 3 and 4 study effects for countries with different time preference rates .

Sections  5 and 6 analyze the influence of productivity differences on the integration effects. Th e
main results are summarized in section 7.

2. The structure of the model

                         The following model is based on Romer’s (1990)  analysis of endogenous growth. There are
two countries, referred to as the home and the foreign country, respectively. Production in each
count ry  comprises two sectors: the manufacturing sector producing consumption and capita l
goo ds  and the R&D sector producing designs or blueprints for innovative capital goods. Th e
knowl edge  stock in the economy increases as a byproduct of each invention. Therefore, th e
output of the R&D sector is two-dimensional . On the one hand, there are good specific designs
for  which intellectual property rights can be enforced and, thus, be sold. On the other hand, eac h
invention  adds to the knowledge stock and can therefore facilitate future research. Knowledge
as  such  can be seen as a public good, i.e., everyone can use it at the same time without an y
r estr iction.  For simplicity, it is assumed that each invention of a new design incorporates a
certain constant amount of knowledge. Therefore, the number of designs in an economy can be
r egar de d  as a proxy for the size of the knowledge stock. Both aspects of innovations increas e
productivity intheeconomy.New designsincreasethediversityofthecapitalstockand,thereby ,
tota l  factor productivity in the manufacturing sector. A higher knowledge stock leads to mor e
sop histicated  researchers and, therefore, more inventions with a given factor input. In othe r
words,  the R&D sector produces technological progress, embodied in new designs and th e
increasing knowledge stock, and thereby drives the growth process.

Supply side

                         The manufa cturing sector produces output, Y, using unskilled labor, L, human capital, H ,

Y

  Y

                                    H

                                                   �

                                                Y

                                                             L

                                                                         �

                                                                                          P

                                                                                            A

                                                                                            0

                                                                                                        x ( i )

�
di
�

P

A

�

0
m ( j )

�
dj ,

  Y �

                                             H

                                                            �

                                                          Y

                                                                   �

                                                                             L �

                                                                                                �

                                                                                                                  P

                                                                                                                 A

�

                                                                                                                     0
x � ( j )

�
dj
�

P

A

0
m � ( i )

�
di .

  K

                                      P

                                        A

                                        0

                                                  x ( i ) di
                                                                                             �

                                                                                                            P

                                                                                                           A

                                                                                                                   �

                                                                                                               0
m ( j ) dj .

       �

  A

                                                 A

                                                            A

                                                                      H

                                                                                   A

                                                                                                 ,

       �

  A

               �
                                               �
                                                                 A

                                                                              �

                                                                            A

                                                                                         H

                                                                                                       �

                                                                                                     A

                                                                                                                     .

    The home and foreign capital goods fit i n the home capital stock with the same weight, because

            2

the  terms of trade between home and foreign capital goods are one. This is due to the fact tha t

production costs of capital are determined by the interest rate which is the same in both countries.

and  a set of capital goods, produced at home, x(i), and abroad, m(i). The production functions

are

(1)

(2)

                         Note  that  home economy variables are denoted without asterisks and foreign econom y

var iable s  with asterisks. The x (j) are the capital goods produced and used abroad, while th e

*

m ( i)  ar e t he capital goods produced at home and used abroad. The output, Y, is a composit e

              *

good consisting of homogeneous consumption goods, C, and the various capital goods x(i) and

m ( i) .  Con sumption goods and capital goods are produced with the same technology and, fo r

              *

simplicity, it is assumed that the same amount of resources is needed to manufactur e one unit of

the consumption good or alternatively one unit of the capital goo d. Therefore, the marginal rate

of transformation between consumption and capital goods is one.

                         The indices, i and j, represent distinct capital go ods that have already been invented, so that

i � (0,A) and j � (0,A ). To avoid integer problems, i and j  are defined continuously. With a given

*

level  of A and A  the production functions (1) and (2) are assumed to exhibit constant return s

                                                                                                                     *

to scale, i.e., 1=

                                                                                                          �
                                                                                                                    +

�
+

�
. New designs increase the set of capital goods and, thereby, production

possibilities because a more differentiated capital stock is more productive.

                         T he  capit al stock, K, is defined as the sum of foregone consumption. Since the amount o f

each type of a capital good equals the amount of consumption goods  foregone, the capital stock

is simply the sum of all capital goods produced at home and imported from abroad: 2

(3)

                         The private R&D sector  only uses human capital to produce designs. The R&D production

functions for the two countries are

(4)

(5)

  H

                                       H

                                                   Y

                                                                �
                                                                                  H

                                                                                              A

                                                                                                            .

  p

                                      0 Y

                                       0 x

                                                                                  �

                                                                                                H

                                                                                                              �

                                                                                                            Y

                                                                                                                        L
�
x
�

1

.

He re  A  denotes new designs. H  is the human capital used in R&D,

 is a productivit y
                                               �

A
parameter, and A  is the knowledge stock available to researchers. In the following we want to

                                                                                                                     A
distinguish  between two cases. In the first case, it can be assumed that capital and goods market s
are  integrated but that the exchange of technological knowledge cannot occur. This might be th e
case  when communication channels like research exchange do not work because of, e.g. ,
language or cultural barriers. In this case researchers cannot benefit from the foreign knowl edge
stock  and, as a result, there are distinct national knowledge stocks, i.e. A =A. In the second case ,

A
it  can be as sumed that knowledge can freely flow between the countries so that researcher s
bene fit  from scientific insights regardless of the origin of the inventions. As a result, bot h
countries  share a common knowledge stock, i.e., A =A . For simplicity, we assume that al l

A A

*
ideas in both countries are distinct, i.e. no redundancy occurs so that A =A =A+A .

A A

* *

                         The  endowment of human capital and labor is fixed. While labor is only used in manufactur -
ing,  humancapitalcanbe used in manufacturing as well as R&D. Byassuming full employment ,
human capital is divided between the two sectors, i.e.:

(6)

Market structure

                         T he  model assumes that within all sets of capital goods, i.e., x(i), x (j), m(j), and m (i) ,
* *
demand andsupply conditionsarethesame.Asaconsequence,pricesandquantitiesofeachtyp e
of  capital good within these sets are the same so that the indices can be left out. Furthermore ,
perfect capital mobility leads to international interest rate equalization.

                         E ach  ma nufacturer has to decide how many units of consumption goods and how man y
capital  goods he produces. In order to produce capital goods, the manufacturer must buy a paten t
r ight  fr om an R&D enterprise. The costs of the patent right are independent of the number o f
capital  goods produced. These costs add as fixed costs to the variable costs for human capital,
labor,  andcapital goods. The manufacturer is able to payfor the patent right because he become s
a monopolist for one distinct type of capital good and is ther efore able to reap a monopoly rent.

The  representative monopolist rents the capital goods to other manufacturers. His marginal cost s
can  be  expressed in terms of forgone consumption goods. Since he has to forego one unit o f
consumption good for producing one unit of capital good and since  there is no depreciation, his
marginal  opportunity costs are simply the interest rate. The other manufacturers are willing to
pay  a periodical price, p, expressed in units of consumption goods, equal to the marginal produc t
of a capital good, which is:

(7)

   p �

                                                 0 Y

                                                0 m

                                                                                              �
                                                                                                            H

�

                                                                                                                        Y

L

�
m

�
1
.

  %
                                     p ( x
                                                                  �

                                                                               m � )
r ( x
�
m � )
r

�

( x
�
m � )
r ( x
�
m � )

1

�

�
r ( x
�
m � ) .

  x

                                  m

                                                                       � 2 / ( 1

                                                                                                         � )
                                                                                                                      H

� / ( 1

� )

Y

L

� / ( 1

� )
r

1 / ( 1

� )
.

  x �

                                           m �

                                                                                         � 2 / ( 1

� )
H

�

Y

� / ( 1

� )

L �

� / ( 1

� )

r

1 / ( 1

� )
.

   P

              A

                                             P

                                               �

                                               0

                                                           e

                                                                           r t %
                                                                                                      d t

%

r

1

�

�

( x
�
m � ) .

    Alternatively, it could be assumed tha t the manufacturers are willing to pay the present value of

            3

an ever lasting stream of rents, which would be p/r=(r/

�
) # (1/r)=1/

�
.

Likewise, the inverse demand function for imported capital goods is 3

(8)

                         The monopolist knows the demand curve of the manufacturers and maximizes his profits,

%
.

The  latter is the difference between his rental income, p(x+m ), and the opportunity costs, whic h

*

equal his capital costs, r( x+m ). Equations (7) and (8) imply that the price elasticity of demand

*

fo r capital goods is equal to 1/(

�
-1). According to Chamberlinian markup pricing it is optimal

for  the monopolist to charge a constant markup over marginal costs. This implies p=r/

�
. Not e

that  the price for the patent paid by the monopolist represents his fixed costs and, therefore, doe s

not  affect his profit maximizing price. International interest rate equalization and identical mark -

up parameters in both countries l ead to identical prices for all types of capital goods, i.e., p=p .*

Based on these arguments, the profits of the monopolist are

(9)

                         Equations  (7) and (8), together with p=r/

�
, can be transformed to yield the demand for x an d

m  asfunctionsoftheendowmentwithlabor, the allocation of human capital, and the interest rat e

(10)

The demand for capital goods of the foreign manufacturers is

(11)

The price of a patent right, P , is determined in a poly polistic market between potentially many

A

manufacturers  of capital goods and many R&D enterprises. The manufacturers’  willingness to

pay  fo r a design depends on the present value of all future monopoly profits, which, togethe r

with equation (9), is

(12)

Hence,  in equilibrium, the monopolist uses all his profits from producing and selling capita l

goods to pay for the patent. The price of the patent, i n turn, determines the wage paid to human

capital in the R&D sector so that profits in this sector are also zero.

Technology equilibrium

                         A crucial feature of the model is the allocation of human c apital between the manufacturing

    g

                                             �

                                        C

                                        C

                                                                                     �

                                                                                Y

                                                                                Y

�

                                                                                                                       K

                                                                                                                       K

�

A

A

 H

A

.

   r

          t

                                        5

                                                         H

                                                                      Y

                                                                                                       5

                                                                                                                        ( H

H

A

) .

  r

         p

                                       ’

                                                    �

                                                                  )  H

                                                                                                        A

                                                                                                                      .

    The appendix explains i n more detail the allocation effects of moving along the r  curve, i.e., of
            5
t
a change in the interest rate.

Equilibrium in autarky

                         I n  the fol lowing sections the autarky situation serves as our benchmark case. Therefore ,
autarky equilibrium must be studied first. In autarky, the following steady state condition holds:

(23)

The technologyequilibriuminautarkycanbe derivedfromequation(16) together withm=m =0 :*

(24)

                         I t  is now p ossible to derive a curve r , showing combinations of r and H  that ensure s
t A
equilibr ium  of the factor market for human capital. We refer to this curve as the technolog y
cur ve.  I n  human capital market equilibrium, this curve reflects that marginal productivity o f
hu man  capital in the manufacturing sector is equal to its marginal productivity in R&D. Th e
slope  of the r  curve in Fig. 1 is negative, since an interest rate increase leads to more huma n

                                                                                               t
capital in manufacturing and less human capital in R&D. 5

                         In autarky, which implies that C =A =0, equation (22) becomes
* *

(25)

                         The  above equation is shown in Fig. 1 bythe preference curve, r . The steady state is reache d
p
when r  e quals r , because here human capital allocation is optimized and private agents utility

                                               t p
is maximized here.

                         If

                                                H/
                                                                  5 � ’

                                                                                                 neitherinnovationnorgrowthistakingplace. Theendowmentwithhumancapita l
is  too small to enable growth: in other words, the interest rate that ensures equilibrium allocatio n
of human capital is smaller than the time preference of private agents.

   g

                                                   H

                                                                                5 ’

                                              ) 5
                                                                          �

                                                                                        1

                                                                                                                  .

Figure 1

                         Equations  (24) and (25) can be combined to derive the steady state growth rate in autarky,

g, which is

(26)

                         In  the next two sections we study the specific effects of integration on the growth rate and

the allocation of human capital.

  H

              A

                            > H

                                                            �

                                                          A

                                                                          ; H

                                                                                                                        Y

< H

�

Y

.

  x
                                  � 2 / ( 1
                                                                    � )

                                                                                              5

                                                                                                                      1 / ( 1
� )

L

� / ( 1

� )

( H

H

A

)
( 1
� ) / ( 1

� )

                                  � 2 / ( 1
                                                                    � )

                                                                                              5

� / ( 1

� )

L

� / ( 1

� )
r
( 1
� ) / ( 1

� )

.

3. In tegration  effects w ithout know ledge diffusion w hen rates of tim e

                         preference differ betw een countries

                         We  begin the analysis by briefly examining the pre-integration situation of two countrie s
which  differ onlyintheir ratesoftimepreference.Otherwise,they have the same technologyan d
al so  the same endowment of labor and human capital. The initial growth equilibria of the tw o
economi es  in isolation are shown in Fig. 2. In the following analysis we assume that th e
domes tic  economy has a lower rate of time preference. Equation (25) shows that, in this case ,
the domestic economy’s r  schedule has a smaller intercept with the vertical a xis as compared to
p
the corresponding foreign schedule, r . Howeve r, both curves have the same slope. Since the r
p t

*
schedule  is independent of the rate of time preference, it is the same in both countries. Th e
autarky  equilibria in Fig. 2 reveal that along the initial equilibrium growth path the domesti c
interest rate is lower and the human capital use in the domestic R&D sector is higher t han in the
foreign economy. By contrast, given the same endowment with human capital in both countri es,
the foreign economy uses more human capital in the manufacturing sector:

The equation g=A � /A=

H   exp lains why along the balanced growth path in the pre-integration

A
situatio n  the growth rate is higher and the interest rate is lower in the domestic econom y
compared  to the foreign economy. It is interesting to see which country uses larger quantities (x )
of  any type of capital goods. Since the r  curve is the same in both countries, we need to examin e
t
how x changes along the r  curve. Replacing the interest rate or alternatively H  in equation ( 10)
t Y
by  the expression in equation (24), the demand function for capital goods can be expressed as
a function of H  or r:

                                                                                                         A

                         This shows that moving down the r  curve is assoc iated with an increase in capital goods, x.

t

There are two oppo site effects which cause this result. On the one hand, a less intensive use of
human  c apital in the manufacturing sector implies a lower productivity of capital goods and ,
therefore,  demand for capital goods decreases. On the other hand, lower interest rates reduce th e
costs  of capi tal. As explained before and shown by the equation above, this is the dominatin g
effect. Hence, in the initial equilibrium, the dom estic economy uses more capital goods of each
type than the foreign economy.

Figure 2

                         We no w assume that the policymakers in the two countries decide to abolish all barriers to

inter nat ional  trade and capital flows. In the context of the model analyzed here, economi c

developments in the two countr ies can be affected through two international channels: through

the  flo w of goods and the flow of ideas between countries. While the first is the result o f

inter natio nal  trade, the latter is determined by the process of communicating ideas throug h

telecom munication  networks, printed media, studies abroad, travel, and investment b y

multinational corporations. However, language barriers and lack of communication impede the

diffusion  of technology. Although in most cases of integration both forms play a role, a better

examinat ion of the different channels through which integration affects the growth rate can be

made  if t he two forms of integration separation of these two forms is useful in the analysis i n

or der  t o examine different channels through which integration affects the growth rate of a n

economy.

                         Initially, we assume that integration of the goods and the capital market is not accompanied

by international knowledg e diffusion. We begin the analysis with two observations. First, with

   r

         t

                                        5

                                                                                  A

                                                               A

                                                                             �

                                                                                           A �

1

�

H

�

Y

H

Y

� / ( �

�

� )

H

Y

.

perfect capit al markets, the domestic interest rate cannot deviate from the foreign interest rate.

With  p=r/
                                                                  �

                                                                            , interest-rate equalization implies that there is no price difference between domestic -
designed and foreign-designed capital goods (p=p ). As a result, equations (7) and ( 8) show that
*
x=m  and x =m . Second, since in isolation the domestic economy is more innovative than th e
                                                                           * *
for eign  econo my, it can also be assumed that also the level of invented designs in the pre -
in tegration  situation is higher in the domestic than the foreign economy so that A>A . Thi s*
implies that A/(A+A ) � (0.5, 1).
*

                         The reallocation of human capital between the manufacturing an d the R&D sector triggered
by integration depends on the relative wage effects given the initial production structu re and the
inter est  rate level. The wage effect can be seen from equation (17) which, together with L=L *
as assumed above, we can write as

Note that the numerator of the first factor in brackets on the right side of  this equation is A. The
reason  for this is that in the absence of knowledge diffusion the knowledge level available to th e

R&D  sector (A ) is given by A for the home country. Since we assume that the level of invente d

                                                                                                       A
designs  is higher in the domestic economy prior to integration, A is bigger than A , i.e .*

0.5< A/( A+A )<1.  Since H >H , the second factor in brackets on the right hand side of th e
                                                                                           * *

Y Y
pr ec eding  equation is greater than two. Therefore the total value of the expression in bracket s
is greater than one. Recalling that the function for the r  schedule in the p re-integration situation
t
is ident ical to the preceding equation without the brackets, a value of the brackets greater than
one implies that f or given values of the interest rate, w /w  is greater than one. This induces

HA HY
a shift of human capital out of the manufacturing sector and into the R&D sector. When human
capital  incr eases in the R&D sector in the home country, the wage rate declines in this secto r
while  i t increases in manufacturing. The opposite effects are induced in the foreign countr y
where human capital migrates from R&D into manufacturing.

                         So far, we have only analyzed the migration of human capital triggered by goods and capi tal
market integration. We still have to investigate the new balanced growth path. Af ter an increase
in human capital in the R&D sector of the domestic economy and a decline abroad, one factor
co ntinues to drive a wedge between the wage rates of the two sectors. Since the home country
is more innovative, the share of the home country in the total numb er of designs, i.e., A/(A+A )*
increases. This is tantamount to a faste r growing productivity of human capital in R&D than in
manufac turing  in the home economy. The opposite holds in the foreign country. Hence ,
migration  continues until the foreign country is completely specialized in manufacturing and th e
hom e  country is diversified into manufacturing and R&D. To formally see the describe d
dynamics,  we consider a change in the share of one country’s designs in the total designs of bot h

        �
      �

      �

                                                  �
                                             A

                                             A

                                                                                          �
                                                                                     A
                                                                                               �

                                                                                                              �
                                                                                                         A

                                                                                                                      �

                                                                                     A
                                                                                               �

                                                                                                         A �

       �
     �

     �

                                                      ( 1

                                                                                  �
                                                                                           ) ( H

                                                                                                                      A

H

�

A

) .

             �
        K

        K

                                                                               �
                                                                          A x

                                                A x
                                                                         �

                                                                                       A � m

�
A

A
�

A �

<

�
A

A
with
lim

t � �

�
K

K

�
A

A

.

    lim

   t � �

                                          �
                                      Y

                                      Y

                                                                           lim

                                                                          t � �

                                                                                                                  �
                                                                                                             K

                                                                                                             K

.

countries.  Denoting this share for the home countryas

�
=A/(A+A ), we can derive the followin g

*

expression for the change in this share as

which  we can rearrange byusing the production functions for the domestic and the foreign R& D

sector, i.e., equations (4) and (5), to get

This  showsthattheshareofthehomecountry(

�
) increasesaslongasitusesmore human capita l

in  the R&D sector than the foreign country does. Thus, this process can halts only when

�
=1 .

L ikewise,  since the share of the foreign country in total designs is 1-

�
, the share of foreig n

design s  will asymptotically approach zero. This result for the effects of integration withou t

knowledge  diffusion in the case of diverging rates of time preference corresponds to th e

De vereux  and Lapham (1994) result of complete specialization in the case of countries whic h

have identical preferences and technological structures but d iffer in their initial level of designs

invented.

                         Having  ana lyzed the effects of integration on the production structure we now turn to th e

effects  on economic growth. To do so, first we examine the change in the capital stock (K). Wit h

all  typ es of capital goods used in the same amount we get K=Ax+A m. If the foreign countr y

*

ceas es  to invent new designs, then the growth rate of the capital stock in the home countr y

eventually is

The  growth rate of the capital stock approaches the growth rate of new designs since foreig n

designs becomenegligibleovertimecomparedto theamountofdomesticdesigns.However,thi s

is  an asymptotic process as

� �
1. With given levels of x and m (with x=m) the productio n

function of the manufacturing sector shows that the growth ra te of Y is equal to the growth rate

of the capital stock:

T his  implies that the growth of production approaches the growth of new designs. Since th e

home country uses more human capital in the R&D sector along the n ew (asymptotic) balanced

gr owth  path ( the new level is indicated by H ’ ) the growth rate of new designs is higher afte r

A

integration:

   lim

  t � �

                                                            �

                                                       Y

                                                       Y

                                                                               integration

 H
�

A

>  H

A

.

            �

       K

                     �

       K �

                                                                            �

                                                                       A

                                                         A

                                                                   �
                                                                             A �

<
lim
t � �

�

K

�

K �

�

A

A

.

   r
                                  ’

                                             �

                                                         )

                                                                           �

                                                                     C

                                                                     C

                                                                                                           ’ �

�

)

�

C

�

C �

.

           �

      C

      C

                          >

                                                   �

                                              C

                                                            �

                                              C �

                                                                           .

            �

       C

                      z

       C
                      z

                                                     �

                                                               C

                                                                             r
                                                                                                 ’

                                                                                       )

                                                                                                                   �
( 1
�

C

)

r
’ �

)

with �

C

C

C

�
C �

.

    Note that this refers to the steady state that is reached asymptotically in our analysis.
            6

T hus ,  growth increases through integration. For the foreign country the growth rate will als o
incr ease  and approach

H ’ . To show this, first we have to consider the change in the foreig n

A
country’ s capital stock. With its level being K =A x +Am , the capital stock grows at the rate
* * * *

Since growth of foreig n manufacturing output is asymptotically equal to the growth rate of the
capital  sto ck, the foreign country experiences the same growth rate as the domestic economy .

Therefore, our result is that integration has a positive growth effec t. The country with the lower

R&D activity initially exhibits a particularly strong increase in growth. Int egration thus leads to
an  incr ease in the worldwide growth of production and identical growth rates even if, due t o
different rates of time prefe rence, the growth of production was different in the pre-integration
situation.

                         An  important feature of the integration process analyzed here concerns the growth path o f
consumptio n.  A first observation in this context refers to the implications of interest rat e
equalization and diverging rates of time preference. The Keynes-Ramsey rule yields

Since
                                           ’

                                                    <
                                                              ’

                                                                            , identical interest rates imply that even after integration
                                                                        *

For the growth rate of world consumption which is indicated by superscript "z" we get

Thus , world consumption growth is a weighted average of the consumption growth of the two
countries.

                         A  second observation is that the difference between output and investment grows at the sam e
r ate  i n both countries.  This is due to the fact that integration leads to an identical growth rat e
6
in manufacturingoutputandthe capitalstockinthehomecountryandabroad.Hence,thisisonl y
consistent  with different rates of consumption growth if the home country with the lower rat e

             �
        C

        C

                            >

                                                     �
                                                C

                                                               z

                                                C

                                                               z

                                                                                                      �
                                                                                                 Y

                                                                                                               z

                                                                                                 Y

                                                                                                               z

�
Y

Y

�
Y

�

Y �

>

�
C

�

C �

.

    Note that the marginal productivity of human capital in R&D is

A and is thus an increasin g

               7

function in A .

                                                                                         A

    Theanalysisassumesthat A>A  in the pre-integration situation. However, the results are the sam e

           8 *

even  if A=A  in the pre-integration situation. In this case the upward pressure on the wage rate in th e

                                                                                 *

R&D sector relative to the change in the wage rate in manufacturing is relativelyhigher in t he home

countrybecause it uses more capital goods (x=m>x =m ) and thus experiences a smaller increase in

* *

productivity in the manufacturing sector.

of  timepreferenceinitiallyrunsacurrentaccountsurplus,whiletheforeigncountry initiallyrun s

a current account deficit. Denoting variables for the world as a whole again by a superscript "z ",

the balanced growth path is thus characterized by

                         T he  ana lysis shows that integration is beneficial for both countries since output growt h

incr eas es  worldwide. The integration of the goods and capital markets allows countries t o

disconnect  the growth rate of consumption and production. While this effect is well known fro m

intertemporal macroeconomics, it is new in the setting of the Romer model.

                         In  sum, the benefits of integration discussed here are threefold. First, integration increases

worldwide growth. This effect stems from the fact that integ ration allows for a better allocation

of  world resources and induces a growth-related form of international specialization. Through

inte gration,  the more innovative country can increase its R&D activity, which is a type o f

compa rative  advantage given the R&D production functions used here.  The country with th e

7

higher  time  preference rate will eventually give up R&D activities, but it can nevertheles s

incr ease  it s growth rate of production.  Thus, while one country is completely specialized i n

8

manufacturing, the other country produces bot h new designs and manufactured goods. Second,

diverging rates of time preference integration allows coun tries to choose different growth paths

for consumption and production. The new gr owth path only forces world consumption to grow

at  the same rate as production. Third, assuming that capital goods are produced in the country

in which the designs are invented,  integration leads to international trade flows that reflect that

the  mo re innovative country produces the capital goods for the foreign country and receive s

consumption goods from t he less innovative country. The trade surplus of the home country in

capital  goodsisAm -A m.AsA  remainsconstantandAincreases,the trade surplus of the hom e

* * *

country increases too.

   H

               A

                                                                    H

                                                  ) 5

                                                                              �
                                                                                           1

5 ’

 ( ) 5

�
1 )

.

  r

         t

                                        5

                                                                                  A

                                                               A

                                                                             �
                                                                                           A �

1

�

H

�

Y

H

Y

� / ( �

�
� )

H

Y

.

reflected by

                                                                                             >

                                                                                                                     in the production funct ions (4) and (5). The pre-integration growth equilibria
                                                                                                                *
ar e  illustrated in Fig. 3. by the intersection of the r  curve (reflecting equation (23)) and the r
t p
curve (reflecting equation (25)). Since the productivity parameter for t he R&D sector enters the
expression for the slope of both curves, t hese autarky curves are steeper for the home economy
than  the foreign economy. Setting equation (23) equal to equation (25) yields the equilibriu m
human capital allocation to the R&D sector:

Thus, the balanced growth path in autarky is associated with a higher human capital i nput in the

R&D  sector  in the home country. A higher productivity level allows the R&D sector to pa y
higher wages for human cap ital and, thus, to attract more human capital. This primary effect is
par tly  reversed by the induced interest rate increase which is required to retain intertempora l
consumption  equilibrium. The higher interest rate increases capital costs and thus leads to highe r
demand  for human capital in this sector. This, in turn, leads to higher wages and lowers th e
incentives for human capital to move to the R&D sector.

                         I f  now the home and the foreign country establish free trade and liberalize internationa l
capital flows and if there is no knowledge diffusion the allocation effects can be analyzed using
equation  (17), which we reproduce here for convenience using again the simplifying assumptio n
that L=L  again:*

Since  H <H , the expression in brackets on the right hand side of the preceding equation i s

                                                         Y Y

                                                                                              *
greater  than two. This more than doubles the factor on the right side of the equation as compare d
to  t he expression in equation (23) for the autarky situation, even if the more innovative hom e
countr y  only has as many designs as the foreign country in the pre-integration situation. As a
result,  given the initial allocation of human capital, the wage rate in the R&D sector increases
r elativ e  to the wage rate in manufacturing. This induces a shift of human capital out o f
manufacturing  and into the R&D sector in the home country. In the foreign country the opposit e
effect  occu rs. With more human capital used in the R&D sector, the home country is mor e
innovative  and human capital continues to migrate into R&D in the home country. Gradually,
the foreign country gives up R&D and eventually completely specializes in manufacturing.

Figure 3

                         In  sum, integration leads to a higher worldwide growth rate since, as already discussed in th e

context  of integration with different time preference rates, free trade and perfect capital mobilit y

create advantages in in ternational specialization. Since the asymptotic balanced growth path is

characterized by conver ging growth rates of capital, production, and consumption of the home

and the foreign country, the foreign country also benefits from integration. This is the case even

though the R&D sector of the foreign economy is eventually eliminated.

6. P rodu ctivity  differences and the effects of integration w ith know ledg e

                         diffusion

                         I n  or der to investigate the integration effects on the demand side of the economies in th e

pr e sence  of knowledge diffusion, we investigate the Keynes-Ramsey rule which yields, as a

result of interest rate equalization:

   r
                                  ’

                                               �
                                                             )

                                                                                  �

                                                                             C

                                                                             C

                                                                                                                  ’

�
)

�

C
�

C �

.

  w

             H

                      A

                                                    P

                                                               A

                                                                              ( A

                                                                                              �
                                                                                                        A � ) ; w

H
�

A

P
�

A

 �

( A

�
A � ) ,

      w

                  H

                          A

      w

                 H
                           �

                          A

                                                               �

                                                                                      .

w

H

A

/ w

H
�

A

       H

                   Y

     H
                    �

                  Y

                                                                  �

                                                                                            ( �

                                                                                                      �
                                                                                                             � ) / �

.

T hus,  the  growth rates of consumption in both countries are equal along the new balance d
growth path.

                         Turning  tothesupplysideoftheeconomy,thewageratepaidintheR&Dsector is a functio n
of marginal productivity of human capital:

where  A =A+A . The R&D wage rate is higher in the countrywith the higher R&D productivit y

                                                          A

                                                                                                             *
parameter since both countries can make use of the same knowledge level and because interest
rate equalization implies that patent prices do not differ i nternationally (see equation (12)). The
two  pr ecedi ng equations imply that the R&D wage ratio equals the ratio of the productivit y
parameters

T his  shows that R&D wages are higher in the more productive country. Therefore, n o
int ernational  wage equalization occurs. However, national wage equalization is triggered b y
in tersectoral  mobility of human capital which implies that, in the example of

>

, als o
*
manufacturing wages are also higher in the home economy than abroad after integration.

                         I f  the expression for the manufacturing wage rate from equation (13) is divided by th e
corresponding  equation for the foreign countryand set equal to the ratio of   , we get th e
human capital allocation:

Our  r esul ts show that integration with knowledge diffusion leads to a more extensive use o f
human  capital in the R&D sector of the more productive country. At the same time, unlike in th e
case  without knowledge diffusion, the less productive country continues to engage in R& D
activities.  However, since the home economy is more productive in R&D, more new designs ar e
invented in the domestic economy than abroad. In addition, integration induces a shift of h uman
capital  toward the R&D sector in both countries. This is due to the fact that knowledge diffusio n
has  asimilar effectontheallocation of human capital as an increase in the human capital endow -
ment.  As a  result, both the worldwide growth rate and the interest rate increase. Moreover ,
because knowledge diffusion increases th e productivity of R&D activities, the growth effect of
integration is higher in the case of knowledge diffusion.

7. Summary and conclusions

                         This  paper extends previous analyses of Rivera-Batiz and Xie (1993) and Frenkel and Traut h

(1996)  on the growth effects of integration to countries which differ in the demand or the suppl y

side structure of thei r respective economies. Unlike previous papers, it examines the relevance

of international differences in productivity and time preference for the results of the integration

process,  both with and without international knowledge diffusion. We show that not only d o

these  differences matter, but that the results depend on whether international knowledg e

diffusion occurs or not as well. Certainly, reality may not be characterized by either of the two

extreme casesbutthe analysishelpstounderstandthechannelsthroughwhichintegrationworks .

Even with advanced communication technolo gies, knowledge diffusion may well be prevented

by  patent owners in cases where patents do not work or, for example, appear to be costly fo r

producers.

                         Although our results emphasize the bene ficial effects of integration for all countries even if

they are unequal, the integration process may temporarily imply  frictions during the adjustment

pr oces s.  Moreover, the positive growth effects materialize even for those countries tha t

exper i ence  relatively smaller growth in their R&D sectors than other countries. The analysi s

shows  that one result of integration could be that a country may even give up R&D altogether

because  of a complete loss of international competitiveness, but, nevertheless, still gain fro m

integr atio n.  This can be called a dynamic specialization effect which is a new finding in th e

lit erature on the growth effects of integration. Likewise, a very innovative country can benefit

from integration with a less innovative partner country.

                         Applications  of our results could be to the recent integration process of the NAFT A

agreement  or thediscussionofextendingtheEU to the East. With respect to NAFTA, our result s

imply beneficial output growth and level effects for all member countries. Regardi ng the effects

on allocation, the results also suggest that M exico may lose competitiveness in the R&D sector

and could therefore specialize in manufacturing.

References

Devereux, M.B., Lapham, B.J. (1 994): The Stability of Economic Integration and Endogenous

                         Growth, in: Quarterly Journal of Economics 109, 299 - 305.

Frenkel,  M., Trauth, T. (1996): Growth Effects of Integration between Unequal Countries, in:

                         Global Finance Journal, forthcoming.

Gr ossman,  G.M., Helpman, E. (1990): Comparative Advantage and Long-run Growth, in :

                         American Economic Review 80, 796 - 815.

Gr ossman,  G.M., Helpman, E. (1994): Technology and Trade, in: NBER Working Paper No .

                         4925.

Rivera-Batiz,  L.A., Romer, P.M. (1991a): Economic Integration and Endogenous Growth, in:

                         Quarterly Journal of Economics 106, 531 - 555.

Rivera-Batiz, L.A., Romer, P.M. (1991b): Inter national Trade with Endogenous Technological

                         Change, in: European Economic Review 35, 971 - 1001.

Ri vera-Batiz,  L.A., Xie, D. (1993): Integration Among Unequals, in: Regional Science an d

                         Urban Economics 23, 337 - 54.

Romer, P.M. (1990): Endogenous Technological Change, in: Journal of Political Economy 98,

                         71 - 102.

Young, A. (1991): Learning b y Doing and the Dynamic Effects of International Trade, in: The

                         Quarterly Journal of Economics 106, 369-405.

Young, A. (1993): Invention and Bounded Learning by Doing, in: Journal of Political Econom y

                         101, 443-472.

          0

                          �
                     A

     0 H

                             A

                                                                A

                                                                                      A

                                                                                                    .

    The slopes of the two curves are interrelated. Starting from a point where most of the huma n

              10

capital is used in manufacturing, a decline in H  leads to a modest increase in the marginal product

Y

of human capital in manufacturing. Therefore, the incent ives to substitute human capital for capital

goods in manufacturing a re relatively low. Then, the market size for monopolists, their profits, the

patent price, and the marginal product of human capital in R &D increase only moderately. The less

human  capital is used in manufacturing, the higher the increase in the marginal product of huma n

capital  in manufacturing is, the bigger the substitution process in the manufacturing sector is, an d

the higher is the increase in the marginal product of human capital in R&D is. As a result, wh en one

curve becomes steeper the other curve does as well.

Appendix

T he  slope of the r  curve reflects that an increase in the interest rate leads to a decrease in th e

t

human  capital used in R&D. This can be illustrated by two curves reflecting the margina l

product  ofhumancapitalinthetwosectors.Thehumancapital allocation can, for a given huma n

capital  endowment,H,alternativelybedescribedbyH  or H .Thedistanceof the horizontal lin e

A Y

shows the total human capital available in the economy. The left hand sc ale shows the marginal

product ofhumancapitalinmanufacturingwhiletherighthandscaleshowsthemarginalproduc t

of  human capital in R&D. The marginal product of H  declines with increasing factor input (se e

Y

equa tion  (13)) according to the standard neoclassical assumptions. The marginal product o f

huma n  capital in R&D is shown as a function of H and H . It is bounded from above an d

Y

approaches zero as H  approaches the total endowment with human capital. To understand the

A

shape  of the curve, note that the marginal product of human capital in R&D measured in design s

is constant for a given knowledge stock and equal to

The relative price between designs and consump tion goods, as given by the patent price, varies

with the human capital allocation. If all human capital is used in manufactu ring, the demand for

capital  goods and, in turn, the monopoly rents and the patent prices are highest. Since the marke t

size is limited, the patent price and, therefore, the marg inal product of human capital will never

approach  infinity.IfallhumancapitalisusedinR&D,thereisnodemand for capital goods sinc e

the assumed Cobb-Douglas production function i mplies that manufacturing is impossible if the

manufacturing sector lacks one of the factors. In this case the patent price would be zero.  10

                         The  intersection of the respective demand and supply curves in the diagram (solid lines )

in dicates  a point of full employment and efficient allocation. A special case arises when th e

intersection of the w  curve with the w  axis lies above the intersectio n of the w  curve with

HY HA HA

the w  axis. Then, the R&D se ctor is not able to pay a competitive wage rate to attract human

                                     HA

capital. The manufacturing sector employs all the human capital.

                         Mar ginal  pr oduct curves can be derived for every given interest rate. Therefore, ever y

inter est  r ate implies a certain human capital allocation. A rise in the interest rate shifts bot h

mar ginal  product curves down, as can be seen by the second lines of equations (13) and (14) .

    The decline of the marginal product of human capital in R&D is due to the decline in the marke t
           11
size and the induced depreciation of the patent price.

Figure 4: Marginal products of human capital

                         Furthermore, these equations show that the w  curve is shif ted down by more than the w

HA HY
cur ve.  As  a result, a rising interest rate implies a shift of human capital from R&D t o
manufa cturing.  The intuition of the allocation effect of a rising interest rate is as follows. Th e
interest  rate influences the marginal products of human capital via two channels. Firstly, a risin g
inter est  r a te increases production costs of capital goods, and, in turn, the demand for capita l
goods  declin es. Since x and m  are affected in the same way, the marginal products of huma n
*
capital  in both sectors decline proportionally, as can be seen by equations (10) and (11) and (13 )
and  (14), respectively.  As a result, both curves are shifted to the same extent, and the human
11
capital allocation does not change. Secondly, an increase in the interest r ate reduces the optimal

     w

               H

                      Y

             r

                                                    �

                                                  � 2

                                                                        ( A
                                                                                         �

                                                                                                    A � ) x

                                                                                              H

                                                                                                        Y

.

     This can also be illustrated if equation (1) is differe ntiated with respect to H  and equation (7),

            12

Y

together with r/

                                                                                                       �
                                                                                                                 is rearranged to yield an expression for the factor price ratio in manufacturing
inpu t  ratio of capital goods to human capital used in manufacturing.  This represents a n

12

incentive to substitute human capital for capital  goods in this sector. The substitution of human

capital for capital goods in manuf acturing puts upward pressure on the human capital wages in

manufacturing.  As a result, the downward shift of the w  curve is partly reversed. The margina l

HY

product curves, after a rise in the interest rate, are indicated in Fig. 4 by the dashed lines.