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Abstract

This paper shows that technological progress caused by a domestic high-tech firm always
increases the skilled-unskilled wage inequality, using a two-sector, two-labor model. Also,

we derive a sufficient condition for the technological progress to be effective in increasing
domestic welfare. In the Cobb--Douglas production function case, if the equilibrium relative
wage is greater than a threshold level, domestic welfare unambiguously increases in response
to the technological progress. Moreover, we also provide some policy implications of our
results, in the context of developing countries.
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1. Introduction

How does the rapid pace of globalization affect the wage inequality between skilled and
unskilled workers? Since the highly cited papers of Feenstra and Hanson (1996, 1997), an
increasing number of studies have been undertaken to examine the same question.! The
theoretical models constructed by Feenstra and Hanson (1996, 1997) assume that a single
final good is produced from a continuum of intermediate inputs—each of these intermediate
inputs differs in intensity of skilled labor. In these models, foreign direct investment (FDI)
takes the form of outsourcing activities from developed countries (North) to developing
countries (South). It is shown that an expansion of outsourcing activities widens the wage
gaps between the skilled and unskilled in both North and South. In contrast to Feenstra
and Hanson (1996, 1997), Das (2002) concludes that FDI reduces the skilled-unskilled wage
inequality, using a two-sector, two-labor model. There are many other papers examining the
relationship between wage inequality and trade liberalization (e.g. Das 2003, 2005). Also,
various types of international factor movement are investigated by Chaudhuri and Yabuuchi
(2006), Yabuuchi and Chaudhuri (2007), and Yabuuchi (2007), within both full-employment
and underemployment frameworks. This paper is different from the above-mentioned papers
in that our analysis explicitly examines the effects of domestic technological progress on wage
inequality and domestic welfare.

The imperatives of globalization have been bringing genuine competition all over the
world. The need of technological progress for competitiveness has been putting strong pres-
sure on domestic firms that are exposed to the threat of foreign rivals. From the perspective
of developing countries, it is partly true that globalization makes it easier to acquire advanced
technologies from developed countries, and to achieve a rapid catch-up. This situation seems
to be applicable to some emerging markets—especially, new economic giants such as China
and India. However, we cannot overlook the presence of ‘dualities’—the particular feature
in developing countries. In fact, there exist a variety of different dualities—such as urban-
rural, advanced-backward, formal-informal, and skilled-unskilled dualities. Some industries
(e.g. computer software industry in India) have been rapidly increasing their international
competitiveness, while some other industries in the same country have been stagnant. Thus,
formal analyses of unbalanced technological progress with a dual economy model are neces-
sary to capture the various facts in developing countries in the context of globalization.?

The purpose of this paper is to examine how technological progress in a high-tech sector
affects skilled-unskilled wage differential and domestic welfare, using a two-sector (high-
tech and low-tech), two-labor (skilled and unskilled) model. The high-tech sector has a
duopolistic market structure, where a foreign firm employs domestic workers and competes
with a domestic high-tech firm.? The low-tech sector is perfectly competitive and consists of

'Feenstra and Hanson (1997) provide empirical evidences of Mexico that show the wage gap between
skilled and unskilled workers decreased between 1978 and 1985, then it turned to increase between 1985
and 1989. The expanding skilled-unskilled wage gaps are observed in Chile (Robbins, 1994), Argentina,
Malaysia, the Philippines, Taiwan and Uruguay (Robbins, 1996). (For other empirical studies, see Wood,
1994, 1999; Beyer et al., 1999; Robbins and Gindling, 1999 and Arbache et al., 2004 among others.)

2Using cross-country data, Bourguignon and Morrisson (1998) find empirical evidences which show a
positive correlation between inequality and the extent of duality. Also, Temple (2005) emphasizes that dual
economy models deserve a central place in the analysis of growth in developing countries.

3There are a lot of empirical evidences, which show that FDI of foreign firms toward developing countries
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domestic low-tech firms only. The high-tech sector is skilled-labor intensive and the low-tech
sector is unskilled-labor intensive. Our main result shows that an improvement in production
efficiency caused by the domestic high-tech firm always increases the wage inequality between
skilled and unskilled workers, whereas its effect on domestic welfare is generally ambiguous.
However, it is able to derive a sufficient condition for domestic technological progress to
be effective in increasing domestic welfare. In the Cobb—Douglas production function case,
the sufficient condition depends on whether the equilibrium relative wage is larger than a
threshold level. If the equilibrium relative wage is greater than the threshold level, domestic
welfare unambiguously increases in response to domestic technological progress. Otherwise
it is possible that domestic technological progress decreases welfare.*

The remainder of this paper is organized as follows. Section 2 describes the model and
its equilibrium solution. The framework of our model is based on that of Das (2002), but we
highly simplify his model to focus on the effects of domestic technological progress. Section 3
examines the effects of technological progress caused by the domestic high-tech firm. Section
4 displays the welfare analysis. And the final section provides some concluding remarks.

2. The model

Consider an economy which consists of a high-tech sector (sector z, henceforth) and a low-
tech sector (sector y, henceforth). Sector y, producing the numéraire, is perfectly competi-
tive, while in sector z, duopolistic firms (one is domestic and the other is foreign) compete
in the Cournot fashion. The foreign firm operates only in sector x. It sets up a local plant
through FDI and employs domestic workers for its production. We put international trade
away, thus each market clears domestically. Let the economy’s demand side be represented
by a Cobb-Douglas type social utility function:

U(D,,D,) = DID}, 0<y<1, (1)

where D; (i = x,y) denotes the consumption of good i and the constant - represents the
share of expenditure on good x. Maximizing (1) subject to the economy’s budget constraint:
E =pD, + D,, we obtain the following demand functions.”

Dm:/VE/pa Dy:(1_7)E7 (2)

where p is the relative price of good x and E denotes the national income (or expenditure).

There are two types of workers: skilled and unskilled; and their endowments are de-
noted by L, and L,, respectively. The production of good y needs unskilled labor only. For
simplicity, we assume that one unit of good y is produced from one unit of unskilled labor

is prevailing in oligopolistic market. A huge number of theoretical studies examining the ‘strategic trade
policy’, pioneered by James Brander and Barbara Spencer, also use oligopolistic (or duopolistic) frameworks.

“In this context, our result is relevant to the literature of ‘welfare reducing domestic innovation’ (e.g.
Takahashi, 2007; Mukherjee and Sinha, 2007). Takahashi (2007) shows that the private returns from in-
novation can be greater than the social returns, using the fixed fee license model. Mukherjee and Sinha
(2007) examine the welfare effect of foreign firm’s production strategy (i.e., strategic choice between FDI
and export). They show that domestic cost reduction may reduce domestic welfare when the foreign firm
switches its strategy from FDI to exporting.

5The price of good y, the numéraire, is assumed to be one.
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employment. Therefore, the total output of sector y, denoted by @,, equals the total em-
ployment in this sector, denoted by L,. Consequently, in this sector, the equilibrium wage
rate in terms of the numéraire is given, and it can be normalized to unity.5

In sector x, as stated above, a domestic high-tech firm (firm d, henceforth) and a foreign
firm (firm f, henceforth) compete in the Cournot fashion. Both types of labor, the skilled and
unskilled, are indispensable to produce good x. Assuming that the production technology
of good z is constant returns to scale and satisfies standard neoclassical properties. It is
useful for our manipulation to represent this technology in the form of cost function. We
represent the ‘unit cost function’ of firm f as C(ws, w,), where wy denotes the wage rate of
skilled labor (skilled wage, henceforth) and w, is the wage rate of unskilled labor (unskilled
wage, henceforth). Recall that the unskilled wage in sector y always equals unity, and
unskilled workers are assumed to be able to move freely between the two sectors; therefore
the unskilled wage in sector x also equals unity. Since C'(ws,w,,) is homogeneous of degree,
it can be rewritten as

C(ws, wy) = w,C(ws/wy, 1) = wye(w) = c(w); ' (w) >0> " (w),

where w (= w,/w,) denotes the relative wage.” The condition w, = 1 implies that, in
equilibrium, a change in the relative wage is represented by a change in the skilled wage
(i.e., dw = dws). The input-coefficients of skilled and unskilled labor are shown to be ¢/(w)
and c¢(w) — wd (w), repectively, by applying Shephard’s lemma.

The only difference between firm d and firm f is the degree of efficiency in production
process. According to Das (2002), we simply formalize this feature by multiplying a param-
eter b to the unit cost function of firm f. Hence, the unit cost function of firm d takes the
form

ca(w;b) = be(w); b > 1.

In Section 3 and 4, we examine the impacts of technological progress caused by firm d.
This technological progress is formalized in terms of a marginal improvement in production
efficiency (i.e., a decrease in b).

Denoting the total output of sector x by )., the market equilibrium condition of good x
(i.e., @, = D,) and (2) implies that the inverse demand function of good z is p = YE/Q,.
Facing this function, each firm maximizes its profit, 7; (j = f,d), by choosing the quantity
of its output, ¢;, where the subscripts stand for ‘firm f’ and ‘firm d’, respectively. Solving
the profit maximization problem for each firm yields the following first-order conditions:

87rf:0<:>p—c(w)_q_f 67rd_0<:>p—bc(w)_ﬂ 3)

gy P Q. Oq P Q.

The full employment conditions of skilled and unskilled workers are given by (4). And

6Throughout the paper, all wages are measured in terms of the numéraire and we will not explicitly
mention that again.

"Without loss of generality, we assume that skilled workers enjoy a higher wage rate, that is wy > w, = 1
and w > 1.



the market equilibrium conditions for goods x and y are given by (5).%

Ly = ' (w)(qs + bqa), L, = [c(w) — wc (w)](q + bga) + L. (4)

Equilibrium Equations (3)-(5) are sufficient to jointly determine the endogenous vari-
ables, p, w, qq4, ¢; and @Q,. (As already noted, @, = L, and @, = ¢4 + ¢s.) From these
equations, Appendix A derives the output share of each firm in sector z:

a _ b e _ 1 (6)
Q, 1+0b Q, 1+b

These equations imply that the output share of firm f increases and that of firm d decreases,
as b increases. Moreover, in equilibrium, each firm produces a positive amount of output
irrespective of the value of b.°

After some manipulations, the two full employment conditions in (4) can be rewritten

as the following two equations which represent the two distinct relationships between w and
Q. (see Appendix B).

2b Ly
SS curve: 51 be = o(w)’ (7)
, L= +b) b _ L [z [ew) —wdw)] £
UU curve: y + T b] Q= () {Lu [ o (w) ] Ls} . (8)

The SS and UU curves essentially capture full employment of skilled and unskilled workers,
respectively; and these curves include only two endogenous variables, @, and w.!* Figure 1
depicts that the SS and UU curves uniquely determine the equilibrium value of (), and w,
denoted by Q% and w*. (Appendix C analytically examines the slopes of SS and UU curves.)
Substituting w* and Q% into (6), (A1) and (A5), we obtain the equilibrium values of p, ¢y,
¢a and @, (see Appendix D).

3. The effects of domestic technological progress

This section examines the impacts of technological progress caused by firm d (the domestic
high-tech firm)."" As far as our specification in the unit cost function used here, we cannot

8The last term of the second equation in (5), [p — c¢(w)]gy, is the profit of firm f, assumed to be remitted
to the home country in terms of the numeraire.

In Das (2002) model, it is necessary to put an upper limit on the value of b to assure a positive amount of
output for the domestic firms (see page 60 of Das, 2002). Furthermore, he assumes b = 1 (i.e., no technology
gap case) to simplify the welfare analysis (see Section 4 of Das, 2002). The need to put these constraints on
the value of b arises from the generality on the number of firms (existing in his model). This is the main
reason why we choose a simple duopolistic structure in the current analysis, because we would like to focus
on considering the technology gap between the domestic and the foreign firms.

OFor the detailed explanations of the SS and UU curves, see pages 61 and 62 of Das (2002).
1 As described above, the technological differential between firms d and f is represented in the parameter
b. Thus, in our model, domestic technological progress is expressed in an exogenous marginal decrease in b.
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explicitly solve for Q% from (7) and (8). For this reason, we employ a graphical analysis to
show the effect of domestic technological progress on (Q;. Appendix E shows that an increase
in b shifts both the SS and UU curves lgftwau"d.12 Thus, it is apparent from Figure 2 that
the new equilibrium value, denoted by (%, is unambiguously lower, while the change in w*
seems unclear.

In turn, an analytical approach must be employed to check the relationship between w*
and b. Appendix F shows the following result:

dw*  [(b+1)(b—1)+ 7] / [(I?u + Low)e(w*) " (w*) — Ly[d (w*)]”

db 2712 LyJe(w*))?

< 0. (9)

These observations complete the following proposition.

Proposition 1. Technological progress in production efficiency caused by the domestic high-
tech firm (i.e., a decrease in b) increases the relative wage and the total output of the high-tech
sector (and vice versa); that is dw*/db < 0 and dQ%/db < 0.

The widening gap between the skilled and unskilled wages caused by the domestic tech-
nological progress is a notable result. Intuitively, this result comes from the demand-side
factor of the labor market. A drop in b increases the total output of high-tech sector at any
given value of w. Since the high-tech sector is skilled-labor intensive, an expansion in this
sector increases the relative demand of skilled labor. Thus, the relative wage must rise to
absorb the excess demand for skilled labor.

A change in b also affects the other equilibrium variables derived in (A10)-(A13). The
impacts on p* and ¢} are ambiguous, while the effects on ¢; and () can be summarized by
the following proposition (see Appendix G).

Proposition 2. Technological progress in production efficiency caused by the domestic high-
tech firm (i.e., a decrease in b) increases its own output and decreases the total output of the
low-tech sector (and vice versa); that is dqy/db < 0 and dQ;/db > 0.

4. Welfare analysis

This section examines the welfare effect of technological progress caused by firm d, using a
standard duality approach. Consider the following aggregate expenditure function:

E(p,u) = min {pDy + Dy| U(Dx, Dy) = u}, (10)
zH =y
where u denotes arbitrary given level of utility. Since the total output of the economy in
terms of the numéraire is allocated to the wage incomes of the skilled and unskilled and the
profits of firms d and f (i.e., pQy + Qy = wLs + L, + mq + 7y = E + ), another way of
expressing the aggregate expenditure (or national income) is

E(p,u) = wLg + Ly +Tq = wLy + Ly, + [p — be(w)]qq. (11)

12Note that an increase in b stands for technological deterioration of firm d. If we only reverse the result,
we can analyze the effects of domestic technological progress.
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Totally differentiating this equation and defining a change of welfare by dW = (0E/0u) x
du,'® we obtain

dW = du = dE = Lydw + [p — be(w)]dgg + qadp — ggbc’ (w)dw.

Thus, the following equation shows how a change in b affects the equilibrium welfare level.

dw*  _ dw* dg; dp L dw”
- dw* dg; dw*
— L * * * / * 1

where the above second equality comes from substituting (A14) into (12). The first and
second terms of (13) are negative, while the third term of (13) is ambiguous. Hence, the
sufficient condition for dWW*/db to be negative is

dw* c(w*) dw*

<0 & - .
db — (w*) — db

c(w*) + ¢ (w”) (14)

If the condition (14) is satisfied, technological progress in production efficiency caused by
firm d unambiguously increases welfare. In what follows, we specify the production function
as the Cobb—Douglas form, and then reexamine the above condition (14).

Cobb—Douglas case Assume that the production function of firm f takes the Cobb—
Douglas form:

gr = ANNY*,  0<a<l, (15)

where A (> 0) denotes a technological parameter, Ny is the employment of skilled workers
and N, is that of unskilled workers. Using this production function, we obtain the following
unit cost function (see Appendix H):

c(w) = A" a1 — a)* tw®. (16)

Using this specific unit cost function, the condition (14) can be reduced to the following
condition (17), and then we obtain Proposition 3 (see Appendix I).

L, 2vb?
TL, (b 1)(b—1)+~

w*>V¥ with U=

(17)

bﬂ‘gﬂ

w

Proposition 3. In the Cobb—Douglas case (specified by (15)), technological progress in
production efficiency caused by the domestic high-tech firm (i.e., a decrease in b) increases
welfare if the condition (17) is satisfied. If condition (17) is violated, however, the welfare
effect of technological progress is ambiguous.

In other words, whether domestic technological progress is certain to increase welfare or not
depends on magnitude relation between the endogenous value of the equilibrium relative

139E /0u is the reciprocal marginal utility of income and, without loss of generality, we assume that it is
normalized to unity.



wage, w*, and the exogenous value of ¥. Since we already assumed w > 1, if only ¥ < 1,
then (17) must hold. In this case, domestic technological progress is certain to increase
welfare.

The value of W is increasing in L, and v, and decreasing in L, and b. Among these effects
on ¥, considering exogenous changes in the ‘skilled-unskilled ratio of labor endowment’, (i.e.,
Es/iu), is the most important matter to examine, because any attempts to increase it—e.g.
education policy—are at the top of the policy agendas in many developing countries.!* An
increase of the skilled-unskilled ratio (L,/L,) decreases the value of ¥, then it makes a
domestic innovation to be more likely to raise welfare. This is a straightforward relation-
ship between domestic innovation and the skilled-unskilled ratio, simply because the larger
the relative amount of skilled workers who benefit from innovation, the more innovation
contributes to welfare.

5. Concluding remarks

This paper examines the impacts of technological progress caused by the domestic high-tech
firm within a two-sector, two-labor framework. Proposition 1 states our first main result,
which shows that the equilibrium wage differential increases in response to the domestic
technological progress. This result comes from only the demand-side factor of labor market,
because we do not allow endogenous changes in labor supply. This is the crucial assumption
in this paper and it is also relevant to Proposition 3, our second main result.

Proposition 3 states that if the equilibrium relative wage is greater than the threshold level
(¥), domestic technological progress increases welfare. However, one of the most distinctive
features of developing economies is abundant supply of unskilled labor. Taking this feature
into account, ¥ in our model probably takes a larger value. Then, in that case, what is
possible to happen is domestic technological progress will decrease welfares.

Hence, when the actual amount of unskilled labor is extremely larger than that of skilled
labor, policymakers in such economy should give the first priority to policies that will encour-
age unskilled workers to improve their skill (e.g., subsidies for basic education, on-the-job
training, scholarship foundation, etc.). Otherwise, any rapid, but unbalanced technological
progress would benefit only a small number of skilled workers and it would be unlikely to
contribute to increase domestic welfare.

This paper assumes a constant skilled-unskilled ratio of labor endowment. Therefore, the
present analysis is applicable to short-run equilibrium. To examine long-term educational
effects on workers’ abilities, we must remove the assumption of fixed labor endowment in
our future study.

Tn this footnote, we examine the value of 1/T" which also affects the value of ¥. As a numerical example,
let us assume v = 0.5. Then, as b increases from 1.5 to 10, 1/T" monotonically decreases, approximately,
from 1.3 to 1.
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Appendices

Appendix A This appendix shows how to derive (6) in the text. First, adding the two
equations in (3) together, we obtain

2p — (1 + b)c(w) :q—f—i-ﬂ—l,
p Qs

Qs
where the last equality is from the definition: @), = g5 + ¢4. Next, combining the first and
last terms of the above equation makes

p=(1+0b)c(w). (A1)

Then rearranging this equation yields

pobit) 1 3

(A1) shows that the relative price, p, is greater than the marginal cost, ¢(w), and the
difference positively depends on b—the degree of domestic firm’s productive efficiency. Last,
substituting (A2) and (A3) into the two equations in (3), we obtain (6). O

Appendix B This appendix shows how to derive (7) and (8) in the text. First, let us look
at the derivation of (8). From (A1) and the output share of firm f in (6), the profit of firm
f can be expressed as

b2

= I—H)ch(w)' (A4)

[p — c(w)]qy



Next, eliminating (¢ + bgg) from the two equations in (4), we obtain

- c(w) —wd(w)] -
=)L, =L, — L A
Q=1 =L, - [ g (45)
Thus, from (5), (A4), (A5) and the economy’s budget constraint (E = pD, + D,), we have
E=pD, + D,
= pQaz + Qy — [p — c(w)lgy
- c(w) —wd(w)] - b?
=pQ, + L, — Ly — ——Q.c(w). A6
pQu+ L, - | L Quelw) (A6)
Using (A6) and the inverse demand function of good z, (E = pQ./7v), we have
p - c(w) —wd(w)] - b?
W = e+ Ly — Ly — x : A
PG, =pu+ L |12 L Quelw) (A7)

Substituting (A1) into (A7), we obtain (8).
Deriving (7) is very straightforward. It can be derived from substituting the two equations
of (6) into the first equation of (4). O

Appendix C This appendix analytically examines the slopes of SS and UU curves. Totally
differentiating (7) with respect to w and @, we can show that the SS curve displays a positive

relationship between w and @),:
20\ Lc"
= - < ) (w) > 0.

dw
dQx |sg a 14+0b) [d(w)]?

Similarly, totally differentiating (8) with respect to w and @,, we have

dw _ {(1 —¥)(1+0b) N b? } / [Ls[c(w) — wc’(w)Z] — L, (w) N lec”(wz)] (A8)
dQq [yy gl 140 [e(w)] [¢'(w)]
where the sign of the derivative is indeterminate. Now rewriting (A5) in Appendix B as

Ly[e(w) — we' (w)] = [Ly, — L, (w), (A9)
and applying this equation to (A8) makes the following clear result:

] - [ B [ ] <o

O

Appendix D Each of the following variables with asterisk, ‘x’, stands for its equilibrium
value.

p = (4B, (A10)
G = (A11)
i = @ (A12)
@:M—CWE$$W)L. (A13)
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Appendix E This appendix shows the reason why the both curves shift leftward in Figure
2. First, let us consider the SS curve describing (7). Since we have

) o

db (1+0)?

the LHS of (7) increases as b increases. Thus, at any given value of w, (), must decrease to

satisfy the equality in (7). This relationship is illustrated by the leftward shift of SS curve
in Figure 2.

Next, take a look at the terms enclosed within the square brackets in the LHS of (8).
Since we obtain

>0,

(I=(+b) | >
9 - + 1 1—v  2b+b?

ab - TTop
the LHS of (8) increases as b increases. Thus, at any given value of w, (), must decrease to
satisfy the equality in (8). This relationship is illustrated by the leftward shift of UU curve
in Figure 2. 0J

Appendix F This appendix derives (9) in the text. First, eliminating @), from (7) and
(8), we obtain

2 4+2(1—y)b+1— L, (w*
el (L )
2vb L, c(w*)
where the value of w* is implicitly determined. Totally differentiating this equation with
respect to w* and b, we obtain

duw' {(b+1)(b—1)+7] /A with

b 2712
A = [Fufe(w)e" (wr) — [ (w)?} + L {C (w*)le(w") — w*c'(w")] + w*e(w”)e" (w*)}
a Ly[e(w*)]?
Applying (A9) to the numerator of A makes (9). O

Appendix G This appendix contains the proof of Proposition 2. Totally differentiating
(A10), (A11), (A12) and (A13), with respect to p* and b, respectively, we obtain

dp* dw*
P o)+ (L D) () (AL4)
dg: * 4+ b(1+ b))
db (1+ D)2
dg;  —Qi+(1+b)=
= <0 A16
db (1+ b)? ’ ( )
d@, - [e(w*)d"(w*)] dw*
—= =1L, > 0. Al17
i = e (A
Since dw*/db < 0 and dQ;,/db < 0, deriving dg/db < 0 and d@Q;/db > 0 are straightforward,
while the signs of dp*/db and dg}/db are indeterminate. O
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Appendix H Consider the following cost minimization problem:

min wygNg + w, N, s.t. ANSO‘NJ_“ > q.

Syt¥u

From the first-order conditions, it is straightforward to derive the optimal employment of
the skilled and unskilled:

11—« «@

qr owy, qr [ (1 — a)w

N,= 4| N, =& LT
*A [(1 - a)wj ’ YA [ Qwy ]

Substituting these equations into the objective function makes the cost function:

A=

o + Wy
oWy, oWy,

K(wsawuaqf) = wsz |: A

and the unit cost function:

C(ws, wy) = K() _ws [mrl 4 Yu {M]a_

qr A aw, A QWy,

A

Recalling that w, = 1 and wy = w in the equilibrium, we obtain (16) in the text. O

Appendix I This appendix provides the proof of Proposition 3. Using (16), the two terms
in the second inequality of (14) can be rewritten as

cw’) _ = F(w")
d(w*)  «
and
_dw* B Fisw*ZZG(’U]*) ‘“h T = (b+1)(b—1)+’}/
db  aL, v = 22

Figure 3 shows F(w*) and G(w*) graphically. These two curves intersect at two points, that
is, at w* =0 and w = L,/(T'Ls) = ¥. Thus, under the specifications of (15) and (16), the
condition (14) can be reduced to (17). O
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Fw*), G(w)

0 Y w*

Figure 3: The determination of the value of ¥
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