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Abstract

This paper develops a model of North-South quality-ladder growth and for-
eign direct investment, and uses this model to examine how local content require-
ment by the Southern government affects innovation and welfare within a dy-
namic general equilibrium model. This paper shows that the relaxation of the lo-
cal content requirement may result in higher prices of consumable goods, but
this simultaneously promotes innovative activities in the North, which in turn ac-
celerates the improvement of goods' qualities. This paper characterizes the condi-
tion under which the latter effect overcomes the former to improve welfare in
both countries.

Keywords: foreign direct investment; endogencus innovation; local content re-
quirement; quality-ladder growth,
JEL classfication: F21; F43; 032; 033

1. Introduction

Recently, under pressure from GATT/WTQ, governments in developing countries
have been obliged to eliminate a range of restrictions on foreign direct investment
(FDI). Specifically, the Agreement on Trade-Related Investment Measures (the
TRIMs agreement) under the Uruguay Round, in order to facilitate investment, pro-
hibits some TRIMs including local content requirement (LCR} as a viclation of
GATT Art. II:4. However, it is unlikely that the TRIMs agreement has been
strictly enforced. For example, although Art. V:2 of the TRIMs agreement states
that developing countries were given a transition period of five years to start to imple-
ment their TRIMs obligations, 10 developing countries notified the WTO Council for
Trade in Goods (CTG) of their TRIMs still to be eliminated, and submitted their re-
quests to extend the transition period. As a result of the debate, the CTG decided to ac-
cept the requests from the countries for an extension of the deadline.! Furthermore,
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Of course, any errors are the responsibility of the author.
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1) This decision is contained in Section 6.1 of “Implementation-Related Issues and Concerns”

of the WTO’s 2001 Ministerial Conference in Doha as the following text: {the TRIMs agree-
ment) “[t]akes note of actions taken by the Council for Trade in Goods in regard to re-
quests from some developing country-members for the extension of the five-year transi-
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at the WTO’s 2005 Ministerial Conference in Hong Kong (China), it was argued that
for less developed countries, the deadline shall be extended by the CTG (WTO, 2005).
These facts teach us that elimination of TRIMs seems to be one of its long-term objec-
tives.?

Although the massive and rapid increase in FDI is one of the most striking phe-
nomena, economic evaluations of LCR are surprisingly limited. Several researchers
considered LCR in the context of static international trade theory. Under perfectly
competitive markets for both final- and intermediate goods, Grossman {1981) system-
atically analyzed the effects of LCR on resource allocation, and this research was ex-
tended to the model of imperfect competition in intermediate goods markets (e.z.,
Krishna and Itoh, 1988) and final goods markets {e.g., Davidson et al., 1985; Lopez-de-
Silanes et al., 1996). However, these papers did not investigate any welfare implica-
tions: i.e., they did not judge whether or not the developing countries should relax
LCR. Furthermore, in these studies foreign firms’ location choice is not introduced.
Lahiri and Ono (1998), in contrast, tackled this problem in a two-country framework
of Cournot oligopoiy. They showed that the optiméll LCR policy depends on the num-
ber of firms in the host country and the cost gap between firms in the host country
and foreign country, as well as the endogenously determined number of foreign
firms engaging in FDI.

Although the above literature gives important policy implications, it may over-
look the role of FDI in technology transfer from developed- to developing countries.
Using a cross-country regression involving 69 developing countries, Borensztein et
al. (1998) emphasized that FDI by firms in developed countries is an important vehi-
cle for the trdansfer of technology. They showed that FDI may contribute to growth
relatively more than domestic investment in developing countries, unless the stock
of human capital in the host country is sufficiently low. From a theoretical perspec-
tive, Helpman (1993, Sec. 4) and Lai (1998) respectively constructed North-South vari-
ety expansion models of exogenous and endogenous innovation, in hoth of which a
change in the Southern government’s IPR policy affects the Northern firms' FDI.
By formulating North-South quality-ladder models, Glass and Sagei (2002), Glass
and Wu (2007) and Futagami et al. (2009) also investigated the same topics.¥ Because

tional period provided for in Article 5.2 of Agreement of Trade-related Investment Meas-
ures.” (WTQ, 2001). According té UNCTAD (2007), in consegquence, an extension of the transi-
tion period was granted until the end of December 2003 for Argentina, Colombia, Mexico, Ma-
laysia, Pakistan, Romania and Thailand, and until the end of June 2003 for the Philippines,
on condition that these countries submit elimination plans and undergo status reviews.

2) Furthermore, under regional trade agreements such as the BU or NAFTA, the so-called
“Rules of Origin” work in a similar way to the LCR. As Veloso (2006) reported, in the automo-
bile industry, for example, content requirements in NAFTA account for 62.5% of compo-
nent value, In the Mercosur and European regions, this value is 609, while it is 452 in the
ASEAN Free Trade Area.

3) Among others, Futagami et al. (2009) ansalytically investigated the effects of strengthen-
ing patent protection in the South on welfare in the North and the South, and showed that
strengthening patent protection in the South can be Pareto-improving.
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none of these studies has explored the implications of FDI-deterring policies such as
LCR for innovation and technology transfer through FDI or welfare, these recent con-
tributions motivate us to clarify the effects of LCR in a dynamie framework. The pur-
pose of this paper is to examine analytically how growth and welfare are affected
by LCRina dynamic general equilibrium meodel.

This paper develops a model of North-South quality-ladder growth, where FDI
is determined by firms’ endogenous location choice of their assembly plants. Follow-
ing most related studies, ther¢ is one primary factor, labor, in each country and the
Southern labor is cheaper than the Northern labor. In the presented model, labor is
used for production of both a single intermediate input and final goods. Thus, the fi-
nal goods firms 'produce their output by using the input and labor. Following
Grossman et al. (2006), we can interpret the latter use of labor as assembly activi-
ties. In order to examine the effects of LCR, this paper considers the situation
where the intermediate input is cheaper in the North than in the South, which may
be realistic as long.as we focus on the developing countries that resist complying
with the TRIMs agreement.” Because the final goods firms can choose the location
of their assembly plants, if LCR were not imposed by the Southern government,
they could choose the most profitable production process for themselves: e.g., they lo-
cate their plants in the South, import the input from the North and use the South-
ernt labor for assembling. However, the Southern goévernment imposes LCR on for-
eign firms such that the firms in the North that are shifting their plants to the
South must buy at least a fixed proportion of total demand for the intermediate in-
put from the local market: i.e., the Southern market. Obviously, this makes FDI less
profitable for the Northern firms. Thus, as expected in reality, a relaxation of LCR
triggers Northern firms’ FDI in this model.

In this framework, the paper firstly shows that the relaxation of LCR by the
Southern government promotes innovation activities in the North, but simultane-
ously weakens the domestic intermediate input sector. Then, from a positive point of
view, this result seemingly suggests that there is a conflict between the Northern
and Southern governments concerning whether or not to relax and/or abolish LCR.
The Northern government, in order to prommote domestic innovation activities,
wants to continue the process of investment liberalization, whereas the Southern gov-
ernment wants to protect domestic industry that otherwise will suffer a decline as a
direct result of abolishment of LCR. However, from a normative point of view, the
welfare analysis in th1s paper shows the possibility of both countries agreeing to re-
lax LCR.

4) Needless to say, from a global point of view, now many firms in developed countries volun-
tarily outsource the production of intermediate goods to firms in developing countries: e.g.,
Chinese and Taiwanese firms. In order to focus on the role of LCR as an FDI barrier for devel-
oped countries and its implication for growth, this paper does not address the firms’ volun-
tary outsourcing strategies, as Antras and Helpman {2004) did.
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The welfare effects of reducing the LCR consists of three parts: the growth ef-
fect, the price effect and the income effect. First, as stated above, reduction of LCR
promates innovation activities in the North, bringing about improving consumption
qualities in the future. The second and third effects arise from a change in the
wages in both countries. Because of an increase in R&D investment, the probability
for leader firms to be overtaken by new firms rises. This makes the stock value of
firms lower; which in turn_rnakeé the wage rate lower in the North through the free
entry/exit condition for innovation activities. This implies that the income effect is
negative for the Northern consumers. However, because of the reduction in LCR,
FDI becomes more profitable and hence the wage rate in the South relative to that
in the North increases. On the one hand, this places upward pressure on the labor in-
come in the South. On the other hand, this may make the marginal cost of follpwer
firms increase, which is transmitted to a leader firm's charging price through its
limit pricing strategy. Thus, the price effect-and the income effect combine to be nega-
tive for the Northern consumers, but to be generally ambiguous for the Southern con-
sumers. Under free trade, however, the consumers in both countries can equally en-
joy the growth effect. This paper analytically characterizes the conditions under
which the first growth effect outweighs the other two possible negative effects and
hence reducing the LCR is Pareto improving,

The remainder of the paper is organized as follows. Section 2 formulates the
model. Section 3 characterizes the equilihrium of the economy. Section 4 examines
the effects of LCR. Section 5 concludes.

2. The model

Consider a.wor_'ld that consists of two countries, called the North {denoted by N) and
the South (denoted by S). The population size in country { € {N, S} is given by L,,
and .households are not mobile between the two countries. The basic structure fol-
lows a standard quality-ladder growth model (e.g., Grossman and Helpman, 1991,
Ch. 4): there is a continuum of industries with unit mass, and within each industry
there are many goods differentiated by their qualities. The allocation of labor re-
sources to innovative activities can push forward the quality frontier. As in many ex-
isting studies, the highest quality can be invented only in the North, and thus only
the Northern labor is devoted to innovation activities. . .
The final goods are produced from labor and an intermediate input (e.g:, a ma-
chine- and electronic component), and the input is produced from only labor under con-
stant returns to scale technology and perfect competition. Although the firms can
shift their production bages from the North to the South instantaneously without
any set-up cost, the Southern government imposes an LCR on foreign firms such
that the firms in the North that are shifting their plénts to the South must buy at
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least & € [0, 1] X100% percent of total demand for the intermediate input from the
local market: i.e., the Southern market.

2.1 Househblds
The lifetime utility of the representative consumer living in ¢ € {N, S} is defined as:

U, = f, exp(—ptIn u, dt, ‘ <

where p > 0 is the constant subjective discount rate, and ;, is the instantaneous util-
ity, being specified as:

Inu,= j:ln[m E% (j)(l)'":':,-.,(m, j)}dj, (2)

where z;,(m, 7) denotes the-demand for good j of quality m at date ¢. Following the ex-
isting litérature, I describe the index of quality as the infinitely countable number,
m e M;= {1,2;3,....}, and specify the quality m as 1" for any industry 7 € [0, 1],
where A is assumed to be greater than unity. Thus, the degree of quality increment
is ideritically given by A for all industries. The consumer’s intertemporal budget con-
straint is:

- A,D+H,u+ 11mA,,exp( frdr) 5 E,,exp( S mde)dt, (3)

together with the no- Ponm-game condltlon lim ,_.WA,,exp( f :rdr) =0, the

equality of which will be shown to hold later. In Eq. (3), 4,, and &;, stand for the con-
sumer’s financial- and human wealth, respectwely, the latter of which is given by:

H,= f wl,exp( J; dr)dt, _ (4)

wheré w; is the wage rate in country i. In Eq. (3}, the term E,, represents the con-
sumer’s total expend1ture over all goods as-follows:

E,-.-:d.= J;][ 2 p(m, 1z (m, J)}dJ. _ (5)

SR
whiere p,(m, J) is the price’of good 7 of quality m.

As is"well established, the consumer’s maximization problem can be broken
down into the fo]lowmg two steps. In the first stage, the representative consumer de-
termines the time profile of his/her expenditure E;, across time so as to maximize
the lifetime utlllty (1) subject to Eq. (3). In the second stage, at each point in time,
he/she allbcétes his/her expenditure E;, across industries, so as to maximize u,,
given in Eq. (2) subject to Eq. (5). Let 72,(7) denote the value of m for which the quality-
adjusted consumer price of good j is the lowest: i.e.,#,(f) = arg min_ {p,(m, 1)/2™:
m € q1,(7)}. Then, in the final step, the consumer allocates the demand for good
7 = [0, 1] across quality levels as follows: -

£ () = EYCT) .1f_m = m,(j), . 6)

0 otherwise.
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Then, in the first step, from his/her intertemporal optimization, the consumer
allocates the expenditure across time according to the following Euler equation
and the transversality condition: E‘,-,,/E,-., =#—p and lim ,_ . A;; exp(— fux r,dr) ={.
Throughout the paper, the expenditure aggregated over the North and the South is
taken as the numeraire such that LyEy,+LsEs, = 1Vt = 0, which is combined with
the Euler equation to make the interest rate equal the subjective discount rate: 7 =
pvt= 0.

2.2 Firms-

2.2.1 Production

The intermediate input is assumed to be competitively supplied. In country i € {N, S},
8; units of labor are employed to produce one unit of input. Let q; and Z; respectively
denote the price and supply of the input in country . Then, the profit maximization
yields the following set of first order conditions:

q < B, Z; 20, Z,(q;—8:w,) = 0. (1)
Eq. (7) says that perfect competition results in the component firms in country 7 earn-
ing zero profit if the component is produced there, which will be shown below to
hold true in both countries because of the LCR. Hereafter, the value of 8y is normal-
ized to unity without any loss of generality:

Oy=1, 6s=86.

Turning to the final goods sector, in each industry the firms are separated into
two types by their quality of products: a leader firm and follower firms. A firm is
called a leader firm if it has the ability to produce its product at the level of cur-
rently available highest quality. Otherwise, it belongs to follower firms, Because the
innovative activities occur only in the North in this paper, thé leader firms have
been born in the North. In this model, however, the firms can select their location of
production without any cost. Throughout the paper, as in related studies, it is as-
sumed that wg < wy holds in equilibrium, This implies that the firm engaging in
FDI can use Southern labor, which is cheaper than Northern labor.?

On the other hand, the Southern government imposes LCR such that the leader
firms shifting their location to the South must buy at least £X100% percent of to-
tal demand for the intermediate input from the Southern market. Here it is as-
sumed that 8 is assumed to be large enough that wy < Gwy: that is, gy < g5 holds in
equilibrium.? Combining this assumption and the aforementioned one, wg < ﬁJN, we

5) The assumption that the wage rate is cheaper in the South is made also in most related
studies that construct dynamic general equilibrium models of North-South technology trans-
fers not only via FDI, but also licensing (e.g., Yang and Maskus, 2001; Tanaka et al., 2007).

"6) This assumption is made simply because if g > g, all firms would voluntarily buy the com-
ponent {rom the Southern market irrespective of LCR. The assumption that the input is
more expensive in the host country is widely used in a large hody of literature that studies
LCR. ‘
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focus on the following case:
1/80< 0w <1 w=ws/wy.

Accordingly, @ > 1 is assumed. This implies that as long as this inequality holds,
the firms engaging in FDI would prefer to use the intermediate input made in the
North, but the firms must purchase the intermediate input from the local supplier
at a proportion of £X100%. Then, for the firms engaging in FDI, the cost to buy z
units of the intermediate input becomes g2z, where: '

gr = (1—r)gyt+rgs = g (8>

the equality of which holds true when £ = 0. Thus, because of LCR, the firms engag-
I ing in FDI face a higher input price in compensation for enjoying the cheaper labor
cost in the South. The term £(gs—qy) in Eq. (8) captures this effect and this can be
viewed as the cost of FDI. Note that it is a general property of LCR that it provides
neither government revenue (as a tariff would) nor quota rents.”

The production technology is given by f(z, IJ, where z and I respectively are the
demand for the input and that for labor. As in Grossman et al. (2006}, we can inter-
pret this use of labor as assembly activities.® The function.f is assumed to be increas-
ing, concave, twice differentiable and linearly homogenous. Then, the unit cost of a
leader firm in the North, denoted by cy, is given by ¢y = c(gy, wy), where c(gy, wy)
=min g {gvast whay 1= f(aw, ay)}. The function c(-, +) satisfies 1ncreasmg,
concave, twice differentiable and linearly homogenous. a% and a% respectively repre-
sent 'a Northern leader’s demand for the input and labor per unit of output. In the
same way, the unit cost of a leader firm engaging in FDI, denoted by ¢z, is given by
cr = ¢(gp ws), where c(gp, ws) = min gz {grai+wsaz: 1 = flaf, 23)}. af and af
respectively represent the demand for the input and labor per unit of output by a
leader firm engaging in FDL® '

Now we are in a position to explain the leader firms’ pricing bebaviors. Follow-
ing Grossman and Helpman (1991, Ch. 4), it is assumed that all firms engage in
price competition within each industry 7, and that at each point in time, manufactur-
ing procedures of the second highest quality are in the public domain for all fol-
lower firms to be able to produce without any innovative activities. Then, in each in-
dustry, the leader firm chooses a limit price such that it just keeps its rivals, who

7)  As is apparent from Eq. (8), this paper defines L.CR in physical terms. Grossman (1981) dis-
tinguishes between LCR defined in physical terms and that defined in value terms to investi-
gate their different impacts on the intermediate goods sector. In order to cbtain tractabil-
ity of analysis, this paper uses LCR defined in physical terms.

8) For simplicity, this paper does not assume any heterogeneity in firms' productivity level,
as Grossman et al. (2006) did.

9) More formally, the firms engagmg in FDI mmlmize their unit cost, gyad' +gat +wak,
subject to 1 = f(a2, ab) and &% = ra®, where a2’ and a2 respactively denote demand for the
Northern-made input and that for the Southern-made input. An LCR constramt is given by
a> = xat, Because gy < ¢s, this constraint is always binding, eZ = xaZ holds and thus the
-unit cost of firms engaging in FDI is given by ¢(gp, ws)..
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are able to manufacture the product that is one step behind on the quality-ladder,
from earning a positive profit from production. Let py and p; respectively denote
the price charged by the Ieader firm when it stays in the North and when 1t engages
in FDL From Eq. (8), 1t is found that the leader flrm 1rrespect1ve of its location
choice, chooses a pr1ce equal to the quality 1ncrement A times its nearest r1val’s mar-
ginal cost in order to monopohze its 1ndustry Then, who is the nearest rival?
Throughout the paper, it is assumed that the ‘Southern government imposes LCR i in
a discriminated manner. More speclfically,L the Southern gove'rnment imposes LCR
only on firms engaging in FDI. Therefore, there are potentially three kinds of follow-
ers: the Northern followers, FDI followers and the Southern followers, whose unit
cost funetions are respectively given by ¢y, cr and ¢5 = c(gy, ws). Because we focus
on the case that wy < wy and gy < gr, it is readily found that ¢y < ¢ and ¢ < cp:
Thus, the Southern followers are always the nearest rival. In consequence, in any ih-
dustry 7, the leader firm squeezes out its follower f1rms by charging the f0110w1ng
limit price: - - - : oo R
Dy == A -
0 =agledwy; dlw) = ol @) : (9

Using Egs. (6} and (9) and the normehzatlon LNEN+LSES =1, the leader firm’ s out-
put is given by 1/A¢cs. Then, it Is read1ly tound that the lnstantaneous prof1t of

firms steylng in the North is:

o

= R c(gy, 'wN) o -
iy = (AC‘S CN/ Z.CS = /'lgé(w)wN (103
and that of f1rms engaging 1n FDI is:
= (Aeg—cy ._M c(gp, ws)‘
= Qes=e) 7 —= 1300 Swn (11)

Finally, using Shepherd.’s lemma, the first condition of Eq (7) with equa.hty,
and Eqg..(8): o ‘ : SR
“=e/(1,1)
ay= (1)
K aF-— as(w) = cl(l é’(w))
= a2(w) = o,(1, Hw)); C(w) = w/[(l m)-i-rc@wl <

where cl( *) (resp. ¢;(, *)) is' the partial derivative of c(-, ) with respect to the
first (resp second) argument. For these . der1vat1ons, the fact that the function
(e, +) is homogenous of degree zero is also utilized:

2.2.2 R&D- and FDI activities , S ‘

Now, we can turn to the R&D activities in the economy. It is assumed that if a North-
ern follower in an industry, devotes aNI units of Northern Jabor for a time interval
of length dt, it succeeds in updating the highest quality in this industry with
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probab1l1ty Idt, where al, > 0 is assumed to take a fixed value. The f1rm that can suc-
ceed in inventing the highest quality can acquire the patent of the product with this
quality, and becomes a leader firm in this industry. Let vy denote the market value
of the leader firm. Then the free entry conditions of the R&D.activities are:

t vNSwNaN I>O I(vN wydy) =0, s C(12)

whlch means that vN wNaN holds as long as I > 0. Let 4 J) denocte the labor de—
mand for R&D act1v1t1es in mdustry jiie, I (J) 15 the sum of I w1th1n 1ndustry 7.
Then the aggregated labor demand for R&D over aIl 1ndustr1es 1s given by

I f I (J)d;r It i is assumed that the labor demand for R&D 1is symmetric across in-

dustries such that I(j) = I. This 1mphes that in each industry, the probahility for
the cu‘rrentr—leader 10, be. overtaken by a new entrant is.simply given by Jdt for a
time interval of length dt. - PO
Once a Northern firm succeeds in inventing the brand new highest :quality, the
firm*determines its location pattern, that is, it determines whether. it stays in the
North or it{engage-'sdn: FDI. Let vr denote, the market. value of the leader firm when
it, engages 1pFDI ;Throughput the paper, we focus, on the case in,which the follow-
ing xeleti.ee,hplsies,j;.- o . R . | ,
Uy, = Up VI 20, SRR

Eq.,{13) implies that in equilibrium, leader firms are indifferent between staymg n
the North and engaging in FDI.

Finally, 'we charsctérize the nio-arbitrage dondition. The no-arbitrage condition
for the leader firm in the North is given by:1®

PUN: WN:"'”N: IUN: , . e e (14)

. L T R
\(

In the above equatjon, the term Dy s represents cdpital gains, while the term ; Lvm
shows the expected capital loss thai occurs with probability Jdt. Because it is as-
sumed that the leader firm can choosge its tocation at each point in'time without any
cost, the no-arbitrage condition for the leader flrrn Iocatmg in the South is given in
an analogous way: '

OV, = g+ 05, —Lvg,. (15)
From Egs. {14) and (15), Eq. {(13) means: o
Ay = Ay VEZ0, - e

DT

2.3 *'Maiket-clearing eoridition
Let'n denote the measure of the leader firm engagmg in FDI. We have the labor mar-
ket cledring- condltwns in- the. N orth and the South as follows: .

10) Recall that 7, = p holds for all ¢ = 0.
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(1—n)aj

— A TN
Ly = ahl+ Zy+ g S an
B naw(w) :
LS - QZS'," A{b(w) N, (18)

Next, the market-clearing condition for the intermediate input is characterized. The
firms locating in the North can freely buy the intermediate input from the North-
ern market where it is cheaper than it is in the South, Then, their demand for the
Northern-made input equals their total demand for the input, and this is given by
(1—n)d%/ (A¢{w)wy). On the other hand, because of LCR by the Southern govern-
ment, the firms engaging in FDI can buy only (1--£) X 100% of their demand from
the Northern market. Because their demand for the component is given by naé(w)/
(1¢(w)wy), the market-clearing condition for the intermediate input in the North-
ern market becomes:

_ (I-n)ak  n(l—k)di(w)
T oagldwy ¢ (w)wy
Accordingly, the Southern-made intermediate input is bought only by the firms en-
gaging in FDI, which actually buy xX100% of their total demand from the South-
ern market. Therefore, the market-clearing condition for the Southern-made interme-
diate input is:

Zy

(19

- nkai(w)
s A¢(m)w;\r'

(20)
From Egs. (17) and (19), the resource constraint in the North is given by:

Ly=dahI+ [(A=n)g+n(l—r)ab(w)]; ¢ = db+ajy = c(1, 1), (21)

1
Ag(wdwy
where ¢ represents the resulting amount of labor used by a leader firm in the North
to produce one unit of final goods. The identity ¢ = ¢(1, 1) is readily shown to
hold, once we recall that ¢(wy, wy) = wyab+wyak,

On the other hand, Eqs. (18) and {20) give the resource constraint in the South:

L [gh(w) -+ x8aZ(w)]. B¢

Ls= Ad(wdwy

3. Equilibrium

In this section, the equilibrium of the economy is characterized. From Egs. (8}, {10),
(11} and the linear homogeneity of the unit cost function, Eq. (16) is rearranged as:

¢ = c(l—x+rbw, w,)vt=0. ' (23
Because the function ¢(-, ) is increasing in each argument, it'is found that the
.right hand side of the above equation is increasing with respect to w. Furthermore, be-
cause & > 1, it follows that:
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lir{}a c{l—k+rbw, w) =¢(1,1/8) < ¢ < c(1—x+x8, 1
= lim c(1—£+rfw, ) Ve & [0, 1],

where the inequality ¢ < c(1—x+x#, 1) holds with equality if and only if £ = 0.
Thus, from the intermediate value theorem, there uniguely exists w*(x) € (1/6, 1)
such that it solves Eq. (23) as follows: ‘ . |

w, = *(K) V=0, _ (24)
where w, = 1 if £ = 0. Because the unit cost function is linearly homogenous; its par-
tial derivatives are homogenous of degree zero. Therefore, once w, is determined as
w*(x), a5(w) and a=(w) are also given as functions of & alone as follows:

af* (k) = ai(w*(x)) = ¢)(L, (k) < af,

ai* (k) = ak(w* (k) = ¢, (1, £* (k) 2 ab; (k) = L(w*(x)),
where a%* (k) < a% and o5 (k) = af come from *(x) < o) *(x) and the properties
of the unit cost function: ¢, (+, +) > 0 and ¢, (-, +) < 0.

From Egs. (9) and (24), the charged price by leader firms is found to be:

by =pr= A" (Duwy; ¢* (k) = ¢le* (k) = (L, 0* (k). - (25)
Note that from the definitions of ¢ and ¢*(x), ¢*(x) < @, the equality of which
holds true when « = 0: i.e., w*{x) = 1. Substituting Eq. (25) and the fact that gy =
wy into Eq. (10), the instantaneous profit of the leader firms is found to be:

¢

A (k)
Hereafter, it is assumed that 1 is sufficiently large such that 2 > @/t (1) > 1.

Now we are in a position to derive the equilibrium path of the economy Apply-

EN= ﬂ'p= 1'_" (26)

ing the above results into Eq. (21):
(1-n¢ , nl—r)ai*(x)

— Al T4
B A P2 PR P 7 P @n
On the other hand, from Eq. (22):
N
PR ol ¢ bl OF ) o)

A (K wy w*(x). ’
where the following identity is utilized: ¢ = (1— k+rfw* (k) a? (rc)+co (k)as*(x),
which comes from the fact that ¢(gy, wy) = c(qF, wg) from Eq. (16) (or Eq. {23)) and
the definition of the unit cost function.

We focus on the case in which the free entry/exit condition for R&D is always
binding ie., the first condition of Eq. (12) holds with equality for all : = &: v, =
wyay, for all ¢ > 0. Then, from Egs. {14), (26), (27) and (28), the following linear ordi-
nary-differential equation holds:

o pay+Ly+tw*(k)Ls

U ( Z )v,v_,—l.

The above equation constitutes an autonomous dynamic system of thls economy.
This equation implies: '
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ay

od ALyt w* (k) Ls

Uy 0wy, Zog(e) =

Because vy, is a forward- lookmg variable, the above result says that the economy
has no transitional dynarhnics and vy, = vy (%) for all £ > 0. ‘

Our final task in this section is to derive thé other maJor eﬁdogénoué variables
and check some consistency conditions. Substituting the result that vy, = v;(x)
into Eqs (27) and {28) respectively yields: : ‘

[1 &/ (Ag* (k)] (LN+w‘(K-)LS)

aN’

L= I(n).= B/ (A6* (),

and , o
w*(x) A (k)Ls
¢~ —r)ai* (k) paytLytw*(k)Lls

cn,=n*(r) =
Therefore, we have to-check 7*(x) > 0'and n*(x) €(0, 1) - Note that from Eq. (19},
Zy > 0 is automatically satisfied if n*(x} € (0, 1. -

.. At first, differentiating I* (x) yields:

ar* (x) ¢[(LN+w*(fc)Ls)/aN+p] d¢*(.~s) [1 ¢/(A¢*(fc))]Ls dw*(rc)
ax ACgr () ' de’ 'aN' dr”
(29)

the sign of which holds true from the following facts:

Ce o (R =Dar )
e = Gy
4906/ = (L, 0" (6)) () /) < 0.

Thus, I*(£) is a decreasing funetion of «, meamng that I"‘(l) >0 must be satisfied in
equilibrium. This condition is arranged as L > @* (1)~ 1[¢pa~/ (.14?5 = &) — LN]
: On the other hand, it is readily found that n*(fc) >0 for all £'E [0 1]. Then,
in order to understand the condition n*(x) €(0,1), we have to examlne when
*(fc) <1 only Logamthmlcally d1fferent1atmg n"(rc) we have:

dn* (o) /n* () _ __ nap () (1_ 1 )da;m/dx) o
dre/e. d— 0 —=r)ak* (x> AL g
+x(d¢*(ﬁ.)/drc) [ @t OLs )x(dw*(fc)/dfc) o
C ) - pditLytw*(R)Es ) w*(k) !
R, Tpe (30) .

the sign of which is shown to be true from dw*(x)/dk < 0, d¢*(ﬁ") /dx < 0and
daZ* (n)/dr = c,(1, C*(x))(dé’*(fc)/dfc) <0

Then, in equilibrium, n*(0) < 1 must be met. This condmon is rewritten as
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Log € ailLyipaid /(A —as 10 If Ly is. sufficiently large and p is sufficiently
small, the set of Lg'is not empty where both #2*(0) < 1 and I"(l) > 0 are satisfied.
Then, we can:state the following proposition: -

Proposition . 1..Suppose that Ls » w*(1)7' [dpal/(A¢*{(1)—@)—L,] and Lg< ak
(Lytoai)/(Ad—ak) are satisfied.- Then, there uniquely. exists an equilibrium of the
dcononty with endogenous-innovation, FDI, LCR and without transitional dynamics.

B L T TN

4; Effectslof LCR . .. . - - - . ‘ S e

4 1 -Effectsioni 1nnovat10n, DI and intermediate input sector- . . ;

From, the analyses in the previous section, we can 1mmed1ate1y arrive at the follow—

ing lemma: &, Ly s . i LT, . o :
PR W LR LR AP P S PN ' R . S .

Lemma: 1.. The reinforcement (reldxation) of LCR by the Southern government re-

duces:(promotes) FDI and innovation-in the North.

Proaof. This.Jemma:is shown to be trie from Egs: (29) and {30).: . . ; .l

... The mechanism generating this lemma is as-follows. In this model, a reducing

LCR.: (a decréase. in.i) by the Southern government has four main- effects on the re-

source constraint in the North: the compulsory-resource allocating effect, the compo-

nents<intensification -effect, the. price effect and the FDI-inducing effect. To grasp

how these. effects affect-innovation. in the North, we- differentiate Eqs. (27); {14) with

=.{),,and: (28} to obtain:

.7-'-”" RES 1‘ Cofeer. g . dag*(,c) . f - . i - .
Lodlit == n*| o r—(l K)—————lde - Lo SR K
PRI A IO A¢xv-‘v E BN dfc s . B o . Lo .7

Lot @, () duy
+[(1 n*)¢+n (1 x)af;*}<¢ o )drc+ >+[¢ {(1— n)ai*]dn}
a: TR — . N . . (31) .
(,:;H’*)2 Agb*z M ..
o welk) o / o dar()
d,n“ = n* dr—— ar—(1—r)——— ldx
o s e S ¢'—(1—".'C)df-*\ : de o
L) dﬂ S R )
- ¢,‘(> dri+ i _ . - . (33 ‘

o

11) To prove this, we can utilize the facts that w (0) = 1 {from Eq 23), ¢*(0) = c(l D=¢
and £*(0) = 1, the last of which means a2*(0) = ¢4, a2*(0) = ok,
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These expressions clearly show how each of the aforementioned four effects af-
fect innovation through the resource constraint in the North. In Eq. {31), the first
term represents the sum of the compulsory-resource allocating effect and the compo-
nents-intensification effect, where the former is captured by e%*(x) and the latter
by (1—x£){daZ*(k)/dr). These two effects are found to jointly reduce innovation if
LCR is relaxed. This is because as LCR is relaxed, the firms engaging in FDI pur-
chase more intermediate input from the North {the compulsory-resource allocating ef-
fect), and each firm uses the intermediate input more intensively (the components-
intensification effect).!?

On the other hand, the second term captures the price effect. From the endoge-
nous location choice of leader firms, relaxing LCR has upward pressure on the wage
rate in the South (dw*(x)/dr < 0), because Eq. (23) must -be met. This makes the
marginal cost of follower firms increase, which is transmitted to a leader firm’s
charging price through its limit pricing strategy. Because the output of final goods
is given by the inverse of the price, reducing L.CR can positively affect innovation ac-
tivities in the North. This effect is captured by the term ¢ (x) < 0. From Eq. (32),
however, the price effect also has a negative impact on innovation through a kind of
general equilibrium effect. In this model, innovation causes an increase in the capital
loss, because of being overtaken by the new leader firms. This implies that the wage
rate in the North declines through the free entry/exit condition for innovation activi-
ties. This may make the charged price lower, which in turn may reduce innovation.
This effect is captured by dvy, which is affected by dar*. Thus, the price effect on inno-
vation is ambiguous. . . -

Finally, the third term represents the FDI—mducmg effect. By a close look at
Eq. (33), it is found that this effect emerges from the resource constraint in the
South and the aforementioned three effects. The first term of Eq. (33)is the direct ef-
fect of reducing LCR on FDI: a decrease in £ makes it more profitable for firms to en-
gage in FDL The second term is the sum of the compulsory-resource allocating ef-
fect and the components-intensification effect. Note that this effect has an impact on
the resource constraint in the South opposite to that in the North. As LCR is re-
laxed, the firms engaging in FDI purchase the intermediate input from the North,
meaning that this makes the labor used for the production of final goods in the
South more abundant. This promotes FDI by the Northern firms. The third effect is
the price effect, . .

Obvicusly, substituting Eqs. (32) and (33) into Eq. (31) yields Eq. (29), and substi-
tuting the result back into (33) yields Eq. (30). Thus, we can now conclude that the re-
sult obtained in Eq. (29) shows that the FDI-inducing effect outweighs the other ef-
fects, which possibly have opposite effects on innovation.

The above discussions explain one reason why the Northern government wants

12) To see why, recall a2*(x)/dr < 0.
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the Southern one to liberalize foreign investment. On the other hand, the following
lemma shows that from the Southern government’s point of view, maintaining LCR
plays a role in protecting the domestic intermediate input industry.

Lemma 2. Suppose that & = 0. i.e., the Southern government abolishes LCR and the in-
termediate input is freely traded between the North and the South. Then, the interme-
diate input sector in the South shuts down and hence all final goods firms purchase
the input from the Northern intermediate input sector.

Proof. Substituting the results obtained in the precedihg section inte Eq. (20):

raz* ()
Zs=Zs(K) = — — w* (k) L.
_ ‘ ¢~ (1—r)az*(x) _
Substituting w*{(0) = 1, a2*(0) = d&* and ¢*(0) = & into this, it is easily. verified
that Z3{x) = 0 if k = 0. Then, in order to prove this lemma, it is sufficient. to-show

that Z; = 0 is consistent with the intermediate good firms’ profit maximization: i.e.,
we have only to check that the first condition of Eq. (7) holds with strict inequality.
If the input is freely traded, gy = g5 = ¢ must be met. On the other hand, w*(x) =1
if © = 0, which implies w; = wy. Then, ¢ = wy < wy holds, which means that the
first condition of Eq. (7) holds with strict inequality and hence the intermediate in-
put sector in the South could earn a negative profit if it operates. : |

Thus, Lemma 1 and Lemma 2 seemingly suggest that there is a coriflict between
the Northern and Southern governments concerning whether or not to relax and/or
abolish LCR. The Northern government, in order to promote domestic innovation ac-
tivities, wants to continue the process of investment liberalization, whereas the South-
ern government wants to protect domestic industry that otherwise will decline as a di-
rect result of the abolishment of LCR. However, the results obtained here do not
really help us to judge whether strengthening LCR is beneficial or harmful for the
South, because we have not presented any welfare implications yet. The next subsec-
tion therefore investigates the welfare implication of LCR.

4.2 Welfare effects’ ,
Because the economy has no transitional dynamics, the lifetime utility. (1) is now re-
written as:

U,-=%[1nEf.o— In(2¢* (Rwyd] + ;7 (2 [ i di)exp(~pndt,  (30)

where the first term is the utility from the quantity of consumption, while the sec-
ond term captures utility from the quality of consumption. The first term, in turn, de-
pends positively on the household’s expenditure {or income), but negatively on the
price. Thus, the welfare effect of reducing LCR can be decomposed into the
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following three effects: the growth effect, the income effect and the price effect.
From Egs. (3) and (4), the expenditure is given as the following well known form:

By = pAptwy, .

Because the asset market equilibrium implies LyAy,+LsAs, = v*(x), and country
i’s initial share of asset holdings is given as the initial condition, we can set 7, €
(0, 1) X100% of equities to be held by the Northern households without any loss of
generality: ie., LyAy, = 7,v*(x). Using this, the expenditure of the representative
consumer in the North and the South, Ey and Es, is respectively:

NO (pai,nu/LN+l)v“(,~s)/a“N,

Eo = Loah(1~m) /Lt w* (K)o (x)/dly.

On the other hand, j;l #,(7)dj in the second term of Eq. (34) is the sum of the
number of events (innovation) that have occurred up'to time ¢ in all industries. Be-
'cause the measure of industry is unity, this can be viewed also as the sample mean,
From the law of large numbers, this is:equal to an expected amount of innovation
that will occur up to time ¢ in an industry: In other words:

L = f I*(rc)dt =I"(x)t.
Substltutmg the above results into Eq (34) ylelds welfare in the North and South as

follows

S g, = {ln[paNnu/LN+1]—hl ¢*(rc) T A +-2A I*c )}

A =—~{1n[paN(l =7/ Lst w* (k)] — In ¢* (rc)—ln gt B2 I’( )} ’

D1fferent1atmg UN and U w1th respect tox y1eldS

dUN,_=_(lnA.dIf‘(fc) o1 dﬁ,(tc):) ‘ }, o Vﬁtés).‘
L@ e\ o de k) ae S L T
dU:S ﬂ . s/p - dew* (x) . (‘36)

+
de | de | p(l-- no)aN+w"(rc)Ls . dr
Because.dw*{x)/dre < 0, Egs. (35).and (36) ]01nt1yx say that dUs/d.'r, < 0if dUN/d.'c <0,
which is summarized as: * . -,
Lemma 3. If the welfare of Northern households improves by relaxation of LCR, then
the welfare of Southern households necessarily improves. "

Then, based on this result, let us hereafter consider the possublhty that both coun-
tries arrive at an agreement to relax LCR (decrease £ ): i.e., relaxmg LCR is Pareto im-
proving. From Lemma 3, dUN/ dr:<.0.is the sufficient condition for relaxing LCRto
be so. . . )
Taking a close look at, Eq (35) it is found that-the income effect and the,prlce ef-
fect combine to be negative for the Northern representative consumer. Thus, we
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have to examine.when the growth effect dominates siich a negatlve effect, Subst1tut-
ing Eq. (29) and d¢*(x)/dr, we have: ' '

aly 1 In2/. ¢ . dw*(x)/dr

de p[ Tix )+p d (l M*(fc))w (E)le w (k) S
_ lnl ('5 LN+CL)*(J'C)LS =

L) = A 95*( )(1+ oay ) 1.’

t

where a= wcz( l w)/ c(l, w) € (0, 1) equals the labor share. Hereafter, a is as-
sumed to be constant 8 From Eq. (37), it is found that dUy/dk < 0if T'(x) > 0. Fur-
therrhore if the value of ¢ is sufficiently large, T(x) is an increasing function of x.
Thus; the- suff1c1ent cond1t1on for dUy/dr’'< 0 to hold is given by r(0) > 0, which'is
rewrltten as: -

L o IR
B o A e M P . S © »
Py P : S . -

Now, we tan’state the following proposition:

,-..s‘i;,-‘ 0 u'\

Proposmon 2 Suppose that the two assumptwns in Proposmon 1 are satzsfzed and
that d' is suffzcnently large. Then a relaxation of LCR is Pareto. zmprovmg if
T >0 . . .- L L

5.. Concluding remarks

Man‘y develop‘inrghoountries have been obliged to elim'inate a range of restrictions on
tie, 1ndustr1es Whether or not to abohsh LCR is'a typmal example of such a prob-
lem. This paper constructed a North-South quahty-ladder model where FDI i is endoge-
nously determmed and is affected by such an lnvestment measure and gives a hypo-
thetmal answer to this problem This paper showed that once the endogenous loca-
tion ¢hdice-and innovation are exphmtly 1ncorporated into “the general equilibrium
model which has been overlooked in the existing literature on LCR, reducing LCR
can raise welfare not only in the North but alse in the South Thus, this result can
give @ ratlonale for recommendlng that developmg countries liberalize forelgn invest-
ment. . ) .

To analytlcally examme the problem of LCR in a dynamw general equ1llbr1um
framework this i paper makes. some restnctwe assumptmns First, the ncenexistence
of any fixed costs for firms to engage in FDI rules cut transitional dynamics. Al-
though this facilitates a simple analytical examination of the welfare effects of
LCR, fixed costs are likely to be present in reality. Second, in order to focus on

luﬂ

13) Thus, we assume the unit cost function ¢(g, w) to be ¢q
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firms’ location choice, this paper assumes away any trade barriers such as transporta-
tion costs. Thus, this paper should be seen as a benchmark case against future policy-
orienited papers.
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