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Product Development, Imitation
and Economic Growth: A Note
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ABSTRACT A dynamic Nerth - South general equilibrivem model of  intemavional
product cyele @ presented in this paper. The gualitative effects of sirengthening
intellecrual property rghes (TPR) on vhe balanced growh rave of the world economy
iv seudied i rwo alternarive cases: (i) imitation is direct from North ro South
(i) muliinationalizarion is the channel of product transfer.
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Introduction

Technological change plays the most important role in determining the rate
of economic growth of a country. Strengthening the Intellectual Property
Rights {IPR) is an important factor that motivates technological change.
This issue has received much attention in recent times. The agreement on the
Trade Related Intellectual Property issues (TRIPs) under the GATT-WTO
of 1994 requires that the developing countries should strengthen their
intellectual property rights (IPR) protection. Formal scientific studies on the
effects of strengthening IPR on the rate technological progress/economic
growth are also available in the theoretical as well as empirical literature of
economics; and there has been an ongoing debate on this issue.

Existing theoretical literature 1s based on either one of the two alternative
frameworks provided by Grossman & Helpman (1991a, 1991b) — product
variety framework and Quality ladder framework.! Models developed by
Grossman & Helpman ( 1991b), Helpman (1993), Lai (1998) etc. are based on
product variety approach according to which technological change is viewed
as product development. In these models, R&D sector develops new product
designs (technology) using labour as input and thus the number of products
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(varieties) grow over time. In addition, all these models assume a world
consisting of an innovative North and an imitating South and consider a
steady-state growth equilibrium of the entire world economy. In Grossman
& Helpman (1991b), the imitation rate in South isendogenously determined.
However, this rate of imitation is exogenous in Helpman (1993) and in Lai
(1998). Grossman & Helpman (1991b), and Helpman (1993) did not consider
the multinationalization of Northern firms and in their model imitation is
assumed to be direct. In Lai ( 1998), the Southern firms can imitate only after
multinationalization of the Northern firms.

The nature of the effect on the rate of innovation due to strengthening
IPR also varies from model to model. In Grossman & Helpman (1991b) and
in Helpman (1993), strengthening IPR in the South leads to a fall in the rate
of innovation in the North. However, Lai (1998) has shown that the rate of
imitation will fall due to stronger IPR protection if multinationalization is
the channel of production transfer.

In all these mentioned papers the production function in the Northern
R&D sector has a very simple structure. It has two important character-
istics. One, there is scale effect and that is questioned by Jones (1995).
Second, all the past innovations receive equal weight in the knowled ge spill-
over specification although the different innovations have taken place at
different dates. The innovations of the recent past are always more
important in the knowledge spillover than the innovations that took place
long ago. So we question this second characteristic in this paper and modify
the concept of knowledge capital such that South-based products have
relatively lower weights than North-based products. This makes sense if the
products imitated and produced in the South are older than those being
produced in the North. It should be noted that Dollar (1986, 1987) in his
MNorth—South model of product cycle assumes that the Southern products
do not receive any weight in the knowledge spillover specification. However,
Dollar (1986, 1987) does not analyse the effect of strengthening IPR on the
endogenous growth rate. According to Vernon (1966) a Northern
innovating firm will think for a transfer of its production to lower wage
compared with a Southern country once its products have been standardized
in the home country. This takes some time.

This is the only minor change in assumption we introduce in this present
note. However, this gives interesting results. If we introduce this change in
an otherwise Helpman (1993) model, we find that the policy of sirengthening
IPR will raise the rate of innovation in the North if the weight attached to
the South-based products is very small compared with that attached to the
Morth-based products. This result is completely opposite to that found in
Helpman (1993). However, we get the Helpman (1993) result when the
weight attached to the South-based products s close enough to that
attached to the North-based producits. When multinationalization is the
channel of production transfer then the rate of innovation in North will fall
due to stronger protection in the South iff South-based products have very
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low weights. This result is opposite to that obtained in Lai (1998). However
the result of Lai (1998) is valid if the weights given to the South-based
products and North-based products are close to each other.

We define the knowledge capital in the following section. In the section
after, we consider the benchmark model which is otherwise identical to
Helpman (1993). In the fourth section, we introduce multinationalization as
the channel of production transfer in the basic model; and so the model
presented in this section is otherwise similar to that in Lai (1998).
Concluding remarks are given in the fifth section.

Knowledge Capital

In the existing literature, knowledge capital to which labour productivity in
the R&D sector in the North is proportional, is defined as the sum of all
products produced in North and South. So (ny+nyg) s the knowledge
capital where n,, and n g are the numbers of products produced in North and
imitated and produced in South, respectively. This means that innovation of
all the old products contributes o human capital development at an equal
rate irrespective of the date of innovation. This is a restrictive assumption
when the blueprints of different products develop at different points of
time. Any innovation of the recent past should contribute to the knowledge
capital development at a higher rate than that of an the innovation that
occurred long ago. Ideally ﬂ: Aa(tiw{t)dr should be defined as knowledge
capital where si{ ) is the number of blueprints developed at point 1, and wit)
is the weight given to them. Here o/(t) <0 implies that the older
innovations receive lower weights. If @/(1)=0, then [jri(t)m(t)dr is
proportional to a(f) = nad )+ ns ) and we find this in the existing literature.

We modify the knowledge capital as (ny+ Ang) where 0 <4 < 1. Here, all
the non-imitated products and all the imitated products receive equal
treatment within their own group. However, 4 < | implies that the represen-
tative non-imitated product contributes to the knowledge development at a
higher rate than the representative imitated product. This definition is not
ideal but less crude than the existing one because generally the older
products are imitated. If A =0, then our definition of knowledge capital is
identical to that in Dollar (1986, 1987).

The Basic Maodel

This model is identical to that in Helpman (1993) with the only change being
in the definition of knowledge capital The representative consumer
maximizes welfare gven by

W= [ e Pl og U t)dr
S
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subject to the intertemporal budget constraint given by

f e E(T)dr = f e B0 (thdr + A(t) for all ¢
r P

Here U/{¢) 15 the instantaneous utility function given by

L = (.[a"[” .r{z]l’a’z)li: l<a<l

Here, E(t), lit), nit) and A(7) stand for instantaneous expenditure, mstan-
taneous income, number of existing variety and the current value of assets
respectively at time 7. x(z) represents the level of consumption (production)
of the zth variety; p and r stand for the rate of time preference and the
nominal interest rate respectively. o represents the elasticity of substitution
between any two varieties.

Solving this problem of a price-taker consumer we obtain the following
optimality conditions:

%:=r'—p (1)
and

2
x(z) = E(f) —-
o () du

Here, equation (1) implies the Ramsey rule and equation (2) represents
the demand function for the zth variety. p(z) is the price of the variety = and

Wz e (0,n(f) (2)

is the price-elasticity of demand for the zth variety. Here,

H=Hy+ng

and npy (ng)is the number of vareties produced in the North (South). North
is the innovator country and South is the imitator. The producer of the zth
variety produced in the North is a profit maximizing monopolist while the
Southern imitators play the Bertrand game. One unit of labour can pro-
duce one unit of each product.” Labour is internationally immobile but is
perfectly mobile among all the sectors within a country. So the price of any
Morthern product s given by

P&) = py="2 3)
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for all z< [l,ny]; and the price of an imitated Southern product is
given by

Kz) =ps=wg (4)

for all z €[0, ny]. Here py (pg) and w,, (wg) represent equilibrium price® of
any Northern (Southern) variety and equilibrium wage' of Northern
(Southern) labour respectively.

In the North, labour is employed in the production of Northern varieties
and in the R&D sector. So the labour market equilibrium in the North is
given by

Lls..' = AN N + L_.- {Sj

where Ly, nyxy and L, stand for the labour endowment, labour employed in
production sector” and labour employed in the R&D sector. In the South,
imitation is costless and the entire Southern labour, Ly, is employed in
producing the imitated varieties. Hence

Lg=ngxs (6]

is the labour market equilibrium condition in the South.

R&D sector in the North produces new product designs using labour as
the only input; and thus the number of varieties grow over time. This
equation of motion & given by

. Hy+dng
n= L

dy

(7)

iy

where ;" is the labour requirement to develop a new product-design;
and (ny+ Ang) is the knowledge capital. Here 0 <2< 1:and if =1, then
we return to Helpman (1993) where this equation of motion is

. W
H=—1"L,
ay

Using equation (7) we have

i n—(1—Ang
aL, iy

This means that the marginal productivity of labour in the R&D sector
varies directly with 4 The marginal product of labour s maximum for A= 1
and minimum for =10 given ny and ny.
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The free-entry condition in the R&D sector in the North is given by

Ly N

Wy = (8]

ay + Ang 4 m

where the lefi-hand side of equation (8) is the cost of developing a new
variety and the right-hand side is the present value of the expected stream
of profits of a Northern monopolist producing the representative variety.
Here n,, is the maximum profit of the Northern monopolist producing any
variety; and using equation (3) we have

l —u

WHX N (9

Ty =

Here m stands for the exogenous rate of imitation defined as

Mg
m=—
Ry

The world is in a steady-state growth equilibrium and hence

n Ry Ay

no ny  ng

where g is the balanced growth-rate. The market value of each firm is
normalized to unity and hence

The Walras law 1s to be sausfied and labour-endowments Ly and Ly are
exogenously given. So, in the steady-state equilibrium, we have

i ay  ng s iy E .
g=-=—=—=—=—=_ (10)
" Hy mg wg wy E

This completes the equational structure of the model. Now we solve for the
long run rate of innovation, g.
Using equations (3), (7) and (10), we have

- g( Sl ) (11)
g+aim

which shows the steady-state equilibrium supply (availability) of labour to
the Northern production sector and it varies inversely with g and positively
with 4.
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MNext, using equations (1), (8), (9) and (10), we have

— ayglp+g+m o (12)
il g+ Am l—a E

This is the steady-state equilibrium demand function for labour in the
Morthern production sector, which is obtained from the freeeniry condition
in the R&D sector, which equates the profit rate of the firm to the effective
cost of capital. This labour demand varies positively with g and m and
inversely with 4.

Then equating the right-hand side of the two equations derived above we
obtain the following equation

2 an _fpran [ may R
g’(l_:‘t)—g[f,h (1_:) (1_1)] Lydm =10 (13

This is a quadratic equation having two roots. In Appendix A, we show
that one root is negative and the other is positive. The negative root implies
negative growth-rate in the steady-state equilibrinm, which does not make
sense because employment in the R&D sector cannot take a negative value.
So we consider the positive root given by

x4+ 1|,|' 4"”‘":1:?
(14)

E= 2 _ay

T l-a

where x = (Ly — & — 144).

—a

Using equation (14) it can be shown that

g B 1 ALy —%
HHP 2 1||||'IIII 3 +4|:'"I' :IL.\'II.HF

(15)

and the derivation in detail is shown in Appendix A. Here : —-"— S0ifl>d
and ‘JE‘— < 0if 4 = 4 where
+ Ly—F&

o |—2

Ly

and it is obvious that 0 < i < 1. Strengthening IPR lowers the rate of
imitation, m. S0 we have the following proposition

Proposition 1

Strengthening IPR raises {lowers ) the inmovation rate i the North if 4 iy
lower [ greater) than A
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This 1s the more general result; and the Helpman (1993) result is obtained as
a special case when A=1. When A takes a very low value, ie. when the
South-based products contribute to the knowledge capital at a far lower
rate compared to the rate of contribution of the North-based products,
strengthening IPR leads to an increase in the rate of innovation. This is
just the opposite of the result obiained in Helpman (1993).

We now turn to provide an intuitive explanation of this result. Here,
equation (11) represents the supply (availability) of labour to the production
sector in the North; and equation (12) represents the demand for labour
from the production sector in the North. Both the demand for and the
supply of labour in the production sector are expressed as functions of
the innovation rate, g, and equating the supply to demand we determine the
value of g. So the steady-state equilibrium rate of innovation, which is also
equal to the rate of growth of wage-rate in each of the two countries, clears
the Northern labour market. Equation (11) shows that the supply curve of
labour slopes negatively and equation (12) shows that the demand curve
for labour slopes positively. The labour market diagram is presented in
Figureﬁ 1. The DD curve is the demand curve and the 85 curve is the supply
curve.

In Helpman (1993), when 4 =1, the decrease in the imitation rate caused
by strengthening IPR, causes an upward shift of the demand for labour
curve. This is so because a stronger IPR protection leads to a reduction in
both the effective cost of capital (r + m) as well as the profit rate {:‘_—\'L where vy
is the cost of developing a new variety) and its impact on the effective cost of
capital is smaller in size than the impact on the profit rate. However, this
does not cause any shift of the supply curve because with 2= 1, the labour

OnXy &

O E

Figure 1. The labour market equilibrium
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requirement in the R&D sector to maintain a given rate of innovation is
independent of the rate of imitation. So g falls in the new equilibrium.
However, in the present case with 0< A< 1, the decrease in m causes an
upward shift of the supply curve because with a lower threat of imitation the
R&D sector can maintain a given rate of innovation with a smaller amount
of labour. The demand curve may also shift downwards when 4 is very low,
because when spillover from the imitated product is too low in the Northern
R&D sector then the impact of the stronger IPR protection on the effective
cost of capital may be higher than its impact on the profit rate. So g may rise
in the new equilibrium when 4 takes a very low value. In the extreme case,
with 4 =0, there is no impact on the profit rate; and so only the reduction in
the effective cost of capital matters, causing a downward shift of the demand
curve. g must rise in the new equilibrium in this case owing to the upward
shift of the supply curve.

Multinationalization and Imitation

In this section we consider multinationalization as the channel of production
transfer from the North to the South; and this extended model is similar to
that of Lai (1998). A Northern firm will decide in equilibrium whether to
transfer production to the South to take the advantage of lower wage there.
We will assume that the South can imitate a multinatonal (MNC) firm's
product and direct imitation of the Northern based product is not possible.
Then due to lower unit cost of production in the South, MNC’s in the South
earns a higher profit at each date compared with their Northern counterpart
but they also face the extra risk of being imitated at the next instant by a
Southern firm. Production technology for both the imitator and the MNC is
the same—one unit of labour can produce one unit of the output. Once a
MNC’s product is imitated it is sold at a price equal to the marginal cost since
both the imitator Southern firm and the South-based MNC face the same
marginal cost of production and there is price competition between them. The
MNC loses all its profits once its product gets imitated.
Here
n=ny+ng=ny+ (g + 81

where ny, n, and »; stand for the number of North-based products,
South-based MNC products, and South based imitated products respec-
tively. Here
Ry
n=—
LU
15 the imitation rate and

is the multinationalization rate.’
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Consumer behaviour is identical to that described in the earlier section.
Soequation (1) remains unchanged. The demand function for different types
of products are given by the following:

xy=E— (2E.1)
Jo i) e
w=Eg :’" (2E2)
ik
el (2E.3)

T . —
* IE}' Pl 1= by

where xn, x, and x; stand for the level of demand for the product
produced by the North-based firm, MNC and the Southern imitator
respectively; and py, pn. and p; stand for their corresponding prices. In
equilibrivwm

Wy .
PN =wr (3E.1)
Wy &
it y)
Pn=— (3E2)
and
pi=wg (4E)

The labour market equilibrium conditions in the North and South are
given by

Ly=nyxw+ Lg (5E)

-L.'i' = MinXm + Xy {f}ﬁj

respectively. The MNC products are produced by Southern labour.

Equation (7) in the basic model, which shows that the intertemporal
growth of the number of varieties also remains unchanged here.® Equation
{8) of the basic model 15 now modified as follows

: SaWk TN (RE.1)
Hy+Ang r g

and

anwy Ton
Hy+ing  r+m

(8£2)
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The difference arises because it is the MNC not the Northern firm who faces
the risk of imitation.

The maximum profits of a Northern monopolist and of a MNC are
given by

WNX N (9E1)

and

Wk (9E2)

respectively.
Steady-state equilibrium growth condition is given by
W Ay A B Wy _wg E

SR e — (10E)
R Ry Ry Hy Wy Wy E

This model can solve for g and o simultaneously. It is otherwise identical to

Lai (1998). The difference hes only in equation (7).
Using equations (8E_1) and (9E.1) we have

I—z

WX N
— Wy = —=
Hy + AHg r

fy

Mow we use equations (1), (10E) and the above-mentioned equation and
obtain the following equation

e (12K
_m'hrf+f;llﬂ.-~&r THEPT (12E)

Hyxy = 1
This shows the demand for labour in the production sector in the North.
This is independent of the imitation rate, »i, because the Northern based
firms do not face the threat of imitation. MNCs who face the threat of
imitation do not use the Northern labour. The supply of Northern labour in
the production sector can be found from the Northern labour market
equilibrium condition (5E) and equation (7). It is gven by

g +w
g+ i

ayxy = Ly —ayg (11E)
MNow using equations { 11E) and {12E) we obtain the labour market clearing
equation in the Northern production sector

g ALy —ang (13E)
W Tanlp +g) — Ly +ang
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MNext, using equations (8E.1) and (8E . 2) we have

Ty r

a_r'+m

and then using equations (1), (YE.1), (9E.2), (2E.2)(2E.3), (3E.1), (3E.2),
(4E), (5E), (6E) and (10E) we can express the above mentioned equation in
the following form”

Ly(g+ dw) —anglg +w) @ E . m Y ptg
g+ Aw)lg g \g+m g4+m pteg+m
(ME)

This is the multinationalization equilibrium condition. The policy of streng-
thening IPR affects this condition because the imitation rate, m, enters into
it. The MNCs face the threat of imitation and so their discounted present
value of profit varies inversely with the rate of imitation. This does not
happen for Northern-based firms because imitation 18 not direct here.

If £=1, from equation (ME) we have

Ly —ayg w (H+Hﬂ"') Y pteg
Lg z g+m ptg+m

and this is identical to the multinationalization equilibrium condition as
derived in Lai (1998). Using equations (13E) and (ME), we solve for g
and . In Lai (1998), the multinationalization equilibrium condition gives a
clear positive relationship between o and g. However, for 0 < 1 < 1, this is
not necessarily true. Indeed, the relationship is inverse when g and/or o take
high values. In Lai (1998), e with A=1, we find a positive relationship
between g and w from equation (13E) for all g < {i—“j_ This is not necessarily
true for 0 < 4 < 1. Indeed, in the other extreme case of A =0, equation (13E)
gives a4 negative relationship between g and o for

g < oo
-z
From equation { 13E) we solve w in terms of g and then, replacing this value
of @ into (ME), we obtain the following equation

=r 2pray— Ly +ang g+ma* g r

Lg At A — g +m T r+m

(14E)

This is one equation in one unknown, g. For A= 1 in equation { 14E) we
get the equation of Lai (1998). We assume that

Ly = pay li



Downloaded by [Indian Statistical Institote] at 04:03 26 August 2011

Produce Development, Imitation and Economic Growth 39

which implies that the North can sustain a positive rate of innovation as a
closed economy. In Appendix C we show that there exists a unique
equilibrium solution for g for a given value of 4. For

. Ly — pay =
0=iec—r—I32
- La{l+ %)

the equilibrium value of g satisfies the following:

PAT

= Ly — pani;
1—A{1 +:5)

ax(1+ %)

2

<g<

Also :—fj‘ﬁ =0 at the equilibrium point. In Appendix C, we also show that a
positive equilibrivm solution for o exisis for 4 satsfying

. _ ONE
0=i<—=
=<,

Therefore for 4 satisfying
G : {L.*.'—Pﬂ.n'ﬁ—z H.\-é'}
A< iy ——————, ——
- Ly{l+:%) " La

| —a

we have positive equilibrium solutions for both g and « with %’fj = 0 and
ﬁ = () at the equilibrium point. For example, if 2 =0 then equilibrium g is

positive and from equation (13E)

E_ (—ang)

@ (1Z%(p + glax — Ly +ang)

is positive (since the denominator is negative for g satisfying the above
range) imply o is positive. Then

l—a

Ly—2\p+glay —ayg
=

oy

and a decrease in m leads to a decrease in g and this leads to an increase in .
We also show in Appendix C that for (1 —=) < 4 < | there exisis a positive
equilibrivm value of g in the range given by

Ly— AN I'—z.z — Ly — Py Ii.z

ay() ay 15

with the property that gﬁ{ﬂ at the equilibrium point. Equation (13E)
shows that the existence of a positive equilibriom @ is guaranteed for
4 = (‘7). Therefore, for 4 satislying

l=4i= ma.t{{l — ), HLLE}
N
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we have positive equilibrium solutions for both g and « with % < 0 and
du () at the equilibrium point.

ikt
In the last two paragraphs we have seen that equilibrium solution for g

and & depends on the choice of 4. If

Ly —pant®= aw
{}Ei{mm{ A L ;g}

Ly(l +15) ' Ly

then a decrease in m leads to a decrease in the innovation rate and to an
increase in the multinationalization rate. However, for

1= d= mﬂ.t{{l — ), %}
Ly

a decrease in m keads to an increase in the innovation rate and to an increase
in the multinationalization rate. We state the main resulis in the following
proposition.

Proposition 2

Strengthening IPR in the South raises (lowers | the innovation rate in the
North i 4 rakes a value clove o unity (zero ). However mudtinationalization
rate i always increased dwe to stronger IPR protection i the South.

This is a generalization of the result of Lai (1998) where i=1 and
strengthening IPR in South raises the innovation rate in the North. The
intuition for the result is as follows. A stronger IPR in the South increases
the expected PDVY of profits from being a multinational and hence the rate
of multinationalization, w, increases given g.'"" Now the changes in
affects both the supply of labour to the production sector and the demand
for labour from the production sector of the North given by the equations
{11E) and (12E). This is so because an increase in o causes the labour
productivity of the R&D sector in the North to fall through its negative
effect on the knowledge spillover term and hence more labour s required
by the R&D sector to maintain the same innovation rate. The labour
market clearing in the production sector in the North can be analysed
using the same Figure 1, because here also the demand curve and the
supply curve behave similarly as in the basic model without multi-
nationalization. From equations (11E) and (12E) we find that the supply
curve slopes negatively and the demand curve slopes positively as function
of g. At the extreme case, when A=1{), an increase in « causes the more
allocation of labour to the R&D sector (given g) and hence the supply
curve of labour to the production sector shifis downward. However, the
demand curve for labour does not change in this case. Hence, in
equilibrium, the rate of innovation, g, is decreased. However, at the other
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extreme case when 4 =1, an increase in « makes the demand curve for
labour shift downward while the supply curve remains intact. This causes
the equilibrium g to increase. For values of A between 0 and 1 both the
demand for and the supply of labour curves shift and in the new
equilibrivm g may fall or increase depending on the value of A4

Conclusion

In this note, we have reanalysed the effects of strengthening IPR in the
South on the steady-state equilibrium rate of growth in a North—South
model in two cases. In the first case, our analytical framework is otherwise
identical to that in Helpman (1993); and, in the second case, it is otherwise
identical to that in Lai (1998). In both the cases, our definition of
knowledge capital is different from theirs and this is the only modification
introduced here. However, with this minor modification, we find major
differences in the results. The nature of the qualitative effect of
strengthening IPR on the growth rate may be completely opposite to
what obtained in the original models of Helpman (1993) and of Lai (1998).
So the existing theoretical results related to the policy of strengthening
IPR are not robust with respect to the variations in the definition of
knowledge capital. We do not clam that our definition of knowledge
capital is the ideal one. We only claim that this note establishes the
importance of further research in this line considering the more general
definition of knowledge capital.

Obviously there are many other directions in which the basic model can
be extended. We can introduce outsourcing of high technology jobs from the
MNorth to the South because in reality this outsourcing of ‘the best of the
West" jobs to the developing countries is a major issue in the US and in
many other industrial countries. Qutsourcing generates employment in the
South, makes imitation easier and encourages innovation activities there.
This leads to an increase in the South — North relative wage. In the absence
of outsourcing, i.e. in the basic model of this paper, the profit rate of the
Morthern firm is independent of the South — North relative wage. However,
the presence of outsourcing establishes a negative relation between this
profit rate and the South— North relative wage. A policy of strengthening
IPR in the South now has two conflicting effects on the profit rate. One is
the direct effect obtained in Helpman (1993) and in our paper. The other is
the indirect effect, which works through the change in the South— North
relative wage. So the profit rate of the Northern firm may not necessarily be
reduced when [PR is strengthened. However, the effect on the effective cost
of capital remains the same as in the basic model. So this strengthening of
IPR causes an additional downward shift of the demand curve in Figure 1;
and, as a result, the equilibrium rate of growth will rise at a even higher rate
in the presence of outsourcing when £ =0. A complete analysis of the
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growth effects of outsourcing in this product-variety framework is beyond
the scope of this paper. Glass & Sagpi (2001) and Glass (2004) have analysed
the growth effects of outsourcing using the quality ladder framework.

In this paper, the case of strictly positive effect of IPR protection on
innovation rate advocates the traditional view . However, Saxanian ( 1994) has
pointed out the importance of the relatively weaker property rights in driving
the outstanding innovationin California and in Silicon Valley. The present
paper does not consider the positive externalities of imitation. So the
strengthening of IPR, which causes a reduction in the imitation rate does not
generate any negative effect on the productivity of researchers by decreasing
the flow of knowledge to the researchers. If knowledge capital is expanded
through imitation and if this in turn makes labour more productive in
the R&D sector, then the strengthening of [IPR may produce a negative effect
on the innovation rate.' ' In Silicon Valley, intense communications among re-
searchers, high rates of inter-firm mobility, transfer of information regarding
new firms and products fosters imitation. This ensures the faster diffusion of
new knowledge, making labourers more productive. However, this positive
external effect of imitation is strong when imitators are local firms. In this
model, the Northern products are imitated by the Southern firms.

Knowledge capital 1s measured here as the sum of all products. This is
similar to the Krugman (1979) assumption that returns to scale emerge
when more similar products are created. However, in many cases, it is the
mass products that create economies of scale and not a great many
different and similar products. Thus, innovation should not necessarily be
measured by a possible large number of rather similar products. However,
all the models built on the Grossman & Helpman (1991b) and Helpman
(1993) product variety framework suffer from this common limitation. Our
exercise 15 nothing more than a contribution to the existing product variety
literature.

Acknowledgements

This is a revised version of the part of the research work of the first author
leading towards a PhD degree. We have received interesting and helpful
comments from the seminar participants at 151 Kolkata on an earlier
version of this paper. Specifically we wish to thank Dr Brati Sankar
Chakraborty, Professor Dipankar Dasgupta and Professor Abhirup Sarkar
for their insightful comments. We are grateful to the editor and the referee
of the journal for helpful and interesting comments on an earlier version.
Remaining errors are ours.

Notes

! Grossman and Helpman { 1991a), Glass and Sapei (2002), Yaneg & Maskus (2001, ete have
developed models based on the Quality ladder approach. Since.  contribution is based on
the product variety approach, we shall survey only works based oo s approach.
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* This production echnelogy is the same for all Morthern and Southern products.

* Price (quantty) of all the varietes produced in 2 country take the sume equilibrivm value
because utility funcion is symmetric and technelogies are identical.

* Wage rate is the marginal cost of production of a variety.

* This is equal to total production of all the Morthern varieties.

“ They may have different curvature for different values of £ But their slopes and the nature of
shilts remain the same. ;

T We Tollow Lai (1998) in defining o, ”""=:Ir_ﬂ.,l the result may be different.

* We may have an allernative specification of knowledee capital given by (0, +n,, +4n) and
the results may be different there, See Appendix [

? The derivation of this equation is described in Appendix B,

"™ From equation {(ME] we see that the kft-hand side decreases and the right-hand side
inereases owing Lo a decrease in m. Given g, equilibrinm can be restorad only by increasing o
under the assumpton that the relative labour supply of the Morth is sufficienty high.

" An analysis along these lines is available in Arnold (1995).
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Appendix
Appendix A

2 an dNpy Py ,
#(125) ~e(te - 110 )~ bm =0

= g’j ( lﬂjlm) —gx —Lyim=10, wherex= (L,r.- -

x+ \/r + 42 Lydm
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l—a 1—=a

dypd By
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and g = -y fX +4[E_ 1Ly din L‘IE&I‘I}'
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Let us write, g = L X () Ly T
o Pl

FIEES)
g1 >0 and g1 < 0. Then,

a (21:{_"'1) =_r+|v|'xr +4( i )L,-.u'.m

Differentiating both sides with respect to m we get,

. -
g R O [r’- +4(1“*’ )Lyim] {—2.t+4.=.LN]|( L )
. o

1 —adm l —u l —u
i}‘g —x +2iLy
Bm \/r + d{ ) Lydm

Thus : i"'i =0 mply {—x +2iLy) = /32 +4(725) Lyim.

Thf n;?ht—hand side of this mequa]/nt:, is alu.d:,‘; pasm've But the left-hand
side of this inequality is positive if (—x +2ALy) >0 =4 >3-

MNow for 4 = yi; Wwe get

{—.r+2}.L\-:I > t’+4(1_ )Lw.m

. Ly —aypii;
= 4= g e e Y o
Ly

: s i :
Since x < (Ly —ay ’]lwegelz}ﬂ':-z}i

Thus, for 4 > ﬂ'—t 2£ > (. This is Helpman's result. Note that £ <1,
L
For 3+ <4 {‘—f”l’j, we get, 2£ < 0. And for 1< 55, & is clearly

nfgatwe. Combmmg these two we have for £ < L‘—":"E ﬁ < (. This is our

result. And for 4 % & _0

* ik
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Appendix B
We will derive equation (ME) here.

s
TN r KXWy r XN
— = = - = [ =
T F+m XuWyg r+m Xon

o - ( Lolg + den) — aygle + wm) : Rt ™ 4 Hyy ) :

¥om g+ A ny T
e r i L,\' {H + .l:..f.l:.l'j — {[Ng{g + f.t.l‘j i "‘fI_'l' +g s B ¥
r+m (g +iw)Ls g m+g Ftm

Appendix C

Replacing o in terms of g from equation (13E), equation (ME) can be
written as

4

-,—rg-rw w nia~ +g 2_ r
g+ ) Lv; g m+g T r4m

4

4

I—J'Hb.' +g o
Lg g+mu:| H?+g r+ m
(12—2 ray maT + g) et

Lg .f+*"—J:| m+g r+ m
1 —E& "
3 - ] iz ++ g _ _:'_
ALy —ang m r m
4 +W) 4

i -l—jl -'—jﬂ\l — Ly + ang §+HFI .-_-]z_ r

Lv; —.rr +ig—pg g+m r+m

This is equation ( 14E).

Existence of g and . We write equation (14E) as follows

2

L r _ray — Ly + ay + ma r+m
l _T-2 T-aTdN Lq\ \H_Hg+m o — 1 (14E.A)
(ticray —Ly +ang) >0ifg > :r_ﬁ-rllLL g" (say), and (25 ir +ig —g) =0

if = (1 —a) for all g > 0. Thus for g > ¢" and 1 > (1 —a) we get that the
expression in the third bracket of the lefi-hand side of equation (14E.A) is
positive.
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The first term within the third bracket of the left-hand side of

this equation, o increases as g increases for all g = 0 (and hence

for g=g' ]andx = (1 —a).
To prove that the term |=22 LL"“”“ ”1‘:‘;}] LEm(— A say) increases as

g increases we take the log of this expression and then differentiate with
respect to g. This gives,

iHogld) Y ( ) ¥
= ay+day | +——
iz eray— Ly +ang \ 1 — o g+ mm
o 1 1

g+m r+m r

Tz N 1 1 x %
= |3 ——|+ — + —
ToraN — Ly +awg r r+m g+m g+ mat

The first term in the third bracket is positive if g{:% and
the second term in the third bracket is positive il g >4
Also, from equation (12E) we see nmyxy =% ray for i=0 which

L_L'm‘ i 4 s
= E= :r\{1—| —g{‘%&}:l Nﬂ"-’-'~§:—‘g" fr-g}& il

Ly > awp1s ql +1—]| and gog=pg< fr—: if 2.5, Also g' = ¢ since
o< 1.

Thus we say that the lefi-hand side of equation (14E.A) 15 a monotonically
increasing function in the range of g € (g", ¢") and 4 = (1 — 2) under the
sufficient condition 2> 0.5 and. Ly > anpi® (1 + ). Again as g—g" ™),
the lefi-hand side of equation (14E.A) —0; and as g — g" ', the lefi-hand
side of (14E.A) — (some value greater than 1) if Ly > Le2 + Zanp.

[ALy—dayg) f ¥ .

From equation (13E), £= m For g" = g < ¢*, the denomi-

nator of this equation is pof-:ntwe The numerator is positive for 4 > £
Thus, the existence of an unique equilibrium solution for g € (g", ) and it

is ensured for 4 > max{(1 — 2, (7£)} under the sufficient condition 2 =0.5
|—={1+|—:| Lg%+ Lanp}.

Again  (Zray—Ly+axg) <0 il %ﬁ-a ¢, and

(Fir+ig—pg) <0 if g>1 'W'_ =g (say). Thfn we  wrile equation

{14EA} as follows

and Ly = max{ay

|: = —rsrax+Ly—ayg g+me*]® r+m 1

—SAr—Ag+g Lg g+ m ¥

For g' < g < g", the bracketed term of the left-hand side of this above

equation is positive. This range of g is non-empty if 4 < M}_‘:zﬁ =/
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(say). Also, g = 0 implies & < (1 —a) =4 (say). But 4 = 4; = 1 < 45 Thus
we say, for 4 < — i and g’ < g < g", the bracketed term of the
lefi-hand side of this above mentioned equation is positive and the lefi-hand

side of this equation monotonically decreases as g increases from g' to g*.

-,-'_?.r
—Tiptr—Ag+g

= Ly—ang . . :
—Eﬂf—-"—ﬂﬂ‘- decreases as g increases, -“—:jrlf" decreases as g increases and =2

[1—a) Ly —agury
]"n

It monotonically decreases because decreases as g increases,

decreases as g increases satisfying ¢ < g < g“ and 4 < ;.

In addition, as g — g" ™ then the left-hand side of this equation tends to
+o0 and as g — g™ ' then the lefi-hand side of this equation tends to zero.
So the lefi-hand side of this equation must intersect the right-hand side of
this equation at some g satisfying ¢’ < g < g*. Hence the existence of a

unique positive equilibrium g € (g’, g") is guaranteed for 4 < ["—”Lf"ﬂ
Again from equation (13E), £ — b adl  pop o o0 = g*  the

i1 [raw+avg—La)”
denominator of this equation is negative. The numerator is negative for %

Thus the existence of an unique equilibrium solution for g € (¢, gz and w

is ensured for A < min{ (L2520 (auty) mm{ﬁ"—ﬁ;;’:ﬁ%j, (48)

To find the sign of 5}?;'1 and 5 The left-hand side of equation (I4E.A)
decreases for a decrease in m for ge(g”, ¢') and 4 > max{(1 —a),(75)}. In
addition, we have already shown that the lefi-hand side of equation (14E_A)
increases with an increase in g for ge(g”, g") and 4 > max{(1 - 2), (75)}.

So, by the implicit function theorem, we say 5 < 0. In addition, we have

I 3 ™
S _ iy [evE AL 5" f o ayg 9
do _ X | J__}—_H_mx s] < 0 for 4> max{(l —a), ($%)}. Note that 4 has an

upper bound equal to one.
The lefi-hand side of the rearranged form of equation (14E A) decreases
for a decrease in m and decreases for an increase in g for ge(g’, g9

and A < min{ ({220 (awy) Thys, by the implicit function theorem,

I 3 i

iy i e e rONETSHALNS

we say £ 0. In addiiton, we have 22 =[5 %] o for
il il i L ALy—awg

[1—2)Ly—apuy

FRES TR i

), (F%)}. Note that 4 has lower bound equal to zero.

Appendix D

We extend the fourth section of our paper (Multinationalization
and Imitation) to incorporate the following denition of knowledge
capital ky=ny+n,+ 4in; with all other things remaining unchanged in
our model.

With this definition, aggregate employment in the Northern research

sector becomes Ly = a,sﬁ-gj‘l—’ll'-:—‘r’?% and Ly =npxy+ L. These two together
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Him+n;

n -
Ll.—arl.,wn—l:'_—-

imply xy = . Then the Northern free entry implies
B i Lu(ny + ny + nid) — axg{ny +ny, + n;) (15E.4)
—a Yy
o (1] g L M
T 2 (e pan
;\-1_1““ 'N( +gg+m+fgg+m)

w g woom A
—angl| 1 4+— — 16£.4
H"'H( +gg+m+gg+m) \ )

” w (g+m)itanr+avg— Ly)

g Lulg+im) —ang(g+m)

The multinationalization condition implies

2 " —E .
AN o ” ﬁa.,.-r : Ry + R _ 1
Xin r+m Hy + Ry + AN Ly r+m

1 (g+ma*)(Eanr +ang — L))" r
o 4+ m

Le g +_.F..nr:| —Em(l - 4) '2;’ 2 (1TEA)
. |:i (g +ma™){z5anr +ang — L.-.':I] r+m

Lg g+m r

g+ Am) —Em(l — A) '%’ x
= [ g+m ]

Equation (17E.A) has been derived using equations (153E A) and (16E.A).
This is one equation with one unknown g. The lefi-hand side of this
equation is exactly the same as Lai (1998). Lai (1998) has shown that the
lefi-hand side of equation (1 TEA) increases as g increases and m increases.
We show that the right-hand side of equation (17E.A) decreases as we

increase g and m under the sufficient condition £ ~ 2 _ Thyg, L85 of
[g+nT [1—a)p RIS

equation (17E.A) increases as g increases and also increases as m increases.
Therefore by the implicit function theorem :ﬁ = 0, implying that Lai’s result
is valid for all A £[0.1]. Note that this was not the case in the fourth section
where we define the knowledge capital as ky=ny + Aln, +n5).
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