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Abstract

Grossman et al. (2017a) shows that balanced growth path (BGP) exists even when the
elasticity of substitution between factors is not unity and capital-biased technological
change occurs. However, their model is ambiguous in the expression of education. Our
studies show that three-factor production function of capital, skilled labor and unskilled
labor which is specified as a Two-Level CES function can provide some conclusion. It can
also represent the extent supported by empirical studies of capital-skill complementarity
for elasticity of substitution between factors.
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1. Introduction

Kaldor (1961) stated that output per worker and capital per worker have grown steadily,
and, while the capital-output ratio, the real return on capital, and the shares of capital and
labor in national income' have remained fairly constant. In recent study, Jones (2016)
reports that real per capita GDP in the United States has grown at remarkably steady
average rate of around two percent per year for a period of nearly 150 years, while the ratio
of capital to output has remained nearly constant. These facts suggest to many the
relevance of a balanced growth path (BGP) which experiences constant proportional rates
of growth of output and consumption. There are studies to establish models that predict
them.

Uzawa (1961) pointed out that balanced growth in a neoclassical economy with
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exogenous population growth requires either production function with a unitary elasticity
of substitution between capital and labor oy, or an absence of capital-augmenting
technological progress. This was proved by Schlicht (2006). Uzawa (1965) and Lucas (1988)
showed existence of BGP with human capital investment, and their model have not capital-
augmenting technological progress.

There are many empirical studies> on oy, # 1. Also, price of investment goods are
decreasing3. This implies capital-augmenting technological progress. From above, there
are many empirical studies that the conditions for establishing BGP are not satisfied.

Based on the problem awareness mentioned above, Grossman et al. (2017a) extend
Uzawa’s theorem by embedded education index. They shows that balanced growth path
(BGP) exists even when the elasticity of substitution between factors is not unity and
capital-biased technological change occurs if capital is more complementary with
schooling than with raw labor.

Grossman et al. (2017a) define schooling as scholar variable4, and they consider two
factors production function of capital and labor. The increase in education level in their
model merely represents an increase in productivity, and the reward for education is
unclear. It also shows capital-complementarity when the elasticity of substitution between
capital and labor is less than one. However, the empirical study of capital-skill
complementaritys supports that the elasticity of substitution between capital and skilled
labor is less than 1, while the elasticity of substitution between capital and unskilled labor
is greater than 1. Therefore, in their model, the wage gap is ambiguous..

In the study of capital-skill complementarity, there are many discussions using a
production function with three or more factors, including a Two-Level Constant of
Elasticity Substitution (Two-Level CES) production function. Bowles (1970) estimated the
elasticity of substitution among labor. Goldin and Katz (1998) showed capital-skill

complementarity in the prewar U.S. manufacturing. Krusell et al. (2000) estimated the

2 See Chirinko (2008) Chirinko, Fazzari and Meyer (2011), and Chirinko and Mallick (2017) for empirical
studies showing oy, < 1. See Karabarbounis and Neiman (2014) for an empirical study showing gy, > 1.

3 See Greenwood, Hercowitz and Krusell (1997) and Jones (2016).Grossman et al. (2017a)showed decline
of price of investment goods by Federal Reserve Economic Data (FRED).

4 Grossman et al. (2017b) and Grossman et al. (2020) also incorporated education into Uzawa's growth
theorem to show the existence of BGP and then discuss the factor share. However, their formulation is
also ambiguous in terms of education and capital-skill complementarity.

5 See Goldin and Katz (1998), Krusell et al. (2000) and Papageorgiou and Saam (2008) for empirical studies
on capital-skill-complementarity. Also, see Hidalgo Pérez, O’Kean Alonso and Rodriguez Lopez (2016) and

McAdam and Willman (2018) for recent empirical studies on capital-skill complementarity.



elasticity of substitution between factors from U.S. data 1963-1992, and showed capital-
skill complementarity. Papageorgiou and Saam (2008) theoretically analyze the existence
and stability of steady state under capital-skill complementarity. In above studies, they
used Two-Level CES production function, and production factors are three or more.
Therefore, in order to incorporate the education level of workers into the model and
represent the capital-skill complementarity, we should discuss with a production function
with three or more factors.

The purpose of this paper is to show that BGP exists even when the elasticity of
substitution between production factors is not 1 and capital-augmenting technological
progress occurs under the setting of the three-factor production function. In this article,
following Grossman et al. (2017a), we formulate skilled labor as third production factor. We
use Two-Level CES function which could provide capital-skill complementarity explicitly.
In this paper, BGP exists when the following three conditions hold. First, educational levels
are rising over time. Second, capital-augmenting technological change occurs. Finally,
[(ckry — 1Oy + (ckrs — 1)6,5] > 0 and capital-skill complementarity hold where cg,,, is
the elasticity of complementary between capital and unskilled labor, ¢, is the elasticity
of complementary between capital and skilled labor, 6,,, is unskilled labor share, 6, is
skilled labor share. Grossman et al. (2017a) is a special case in which this paper is
formulated by a two factors production function, and the third condition of this paper
includes the condition of Grossman et al. (2017a). Moreover, in our model, by defining a
three-factor production function, capital-skill complementarity can be clearly represented.

Also, if growth rates of unskilled labor and skilled labor are same, skill-biased
technological change is required in addition to the above second and third conditions.
Skill-biased technological change is pointed out by Acemoglu (2002) and Card and
DiNardo (2002). According to Grossman et al. (2017a), when the education level was
constant, there was requires either oy, or an absence of capital-augmenting
technological progress. But, we can represent capital-skill complementarity, capital-
augmenting technological progress, and skill-biased technological change.

Grossman et al. (2017a) focus on labor demand and supply in the above analysis. In their
model, the inequality between labor was ambiguous. On the other hand, we focus on
production technology (labor demand). Therefore, it clearly can represent capital-skill
complementarity and skill biased technological change, which are pointed out as cause of
the inequality between labor in recent years.

The structure of this article is as follows. In next section, We extend Grossman et al.
(2017a) to a three-factors production function of capital, skilled labor and unskilled labor,

and we show that exists even when the elasticity of substitution between factors is not



unity and capital-biased technological change occurs. In Section 3, we specify the
production function as Two-Level Constant Elasticity of Substitution (CES) function. This
Two-Level CES function can represent capital-skill complementarity. Section 4 presents
the situations in which skill-biased technological change is required for BGP to exist.

Finally, the conclusion is stated.

2. Three-Factors Production Function

In this section, We extend Grossman et al. (2017a) to a three-factor production function of

capital, skilled labor and unskilled labor. The production function is given as
Yi = F(AcKe, ButLue, BseLst) (D

where K, is capital, L, isunskilled labor, L, is skilled labor, and where A4,, B,;, and B,
are the state of technology at time t. Also, L,, and Ly, grow at constant rate, g,,, and
gis - We assume that the production function is constant returns to scale in three
arguments®. Grossman et al. (2017a) discusses two production factors of capital and labor
and educational level and this expression is ambiguous. The increase in education level in
Grossman et al. (2017a) merely represents an increase in productivity, and the reward for
education is unclear. In addition, the expression of capital-skill complementarity is
ambiguous because it was discussed under the setting of single labor. In this paper, we
have a more rigorous discussion by three factor productions function.

At time t, the economy can convert one unit of output into g, units of capital. Growth
in g, represents what Greenwood, Hercowitz and Krusell (1997) have called investment-

specific technological change’. The economy’s resource constraint can be written as

6 Grossman et al. (2017a) denoted Y; = F(A;K;, B;L;, s;) where K, is capital, L, is raw labor, s, is scalar
measure of the prevailing education level in the economy. 4, and B, are state of technology. They
interpreted s, as the average years of schooling among workers, or the fraction of the labor force with a
college degree, or the ratio of trained managers to production-line workers. Although, Grossman et al.
(2017b) and Grossman et al. (2020) have endogenized human capital investment, they have similar
formulations. In their model, the production function is constant to returns to scale in first two arguments.
7 According to Greenwood, Hercowitz and Krusell (1997), there are two interpretations of investment-
specific technological change. First, g is the productivity of newly installed equipment, and an increase
in ¢ indicates that newly installed equipment is more productive than previous ones. For example, a new

PC. Second, 1/q is the cost of installing new equipment, and an increase in g represents a decrease in
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where C, is consumption and I, is the number of newly installed units of capital. The
capital accumulation equation is

K, =1, — 6K, (3)
where § is depletion rate of capital. We define a balanced growth path (BGP) as a
trajectory along which experiences constant proportional rates of growth of Y;, C,, and
K,.Let gy = X/X denote the growth rate of the variable X along a BGP.

Lemma 1 : Suppose g, is constant. Then, along any BGP with 0 <, <Y;, gy = gc =
Ik — Yq-

See Appendix B for proof of Lemma 1. Lemma 1 is the same as that derived in
Grossman et al. (2017a) 8. Lemma 1 states that the growth rates of consumption and
capital mirror that of total output.

We define yx = g, + g, where g, is disembodied progress, g, is embodied

progress. Thus, y, is total rate of capital-augmenting technological change.

Proposition 1 : Suppose g grows at constant rate g,. If there exists a BGP along which
factor shares are constant and strictly positive when the factors are paid their marginal
products, then

St

[(cxry — DOy + (ckrs — DOLslvk = O14,01s[ckrs—Ckrul S €))
t

See Appendix C for proof of Proposition 1, where c,, =% is the elasticity of
12
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complementary between capital and unskilled labor, ¢, = =% is the elasticity of

complementary between capital and skilled labor, 6,,, is unskilled labor share, 6, is

skilled labor share, F,, F, and F; are marginal products of effective capital, effective

the cost of capital investment. See Appendix A for proof that the final goods price p is equal to the
equipment cost 1/q.

8 Lemma 1 was proved by Jones and Scrimgeour (2008).
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unskilled labor, and effective skilled labor, s, = BB—L is ratio of effective skilled labor to

uttut

effective unskilled labor.
Proposition 1 stipulates a relationship between the total rate of capital-augmenting

technological change y, and change in ratio of effective skilled labor to effective

unskilled labor or education index ?9 that is needed to keep factor shares constant as the
t

value of the capital stock and output grow at common rate. This is a similar result of
Grossman et al. (2017a)"°. The left side shows the capital-augmenting technological change
and the right side shows the change in education level (ratio of skilled labor to unskilled
labor) with respect to time. These are the same as Grossman et al. (2017a). On the other
hand, by formulating three factors production function, two elasticity of complementary
appears on the left side. Grossman et al. (2017a) is a special case in which this paper is
formulated by a two factors production function, because elasticity of substitution is

inverse of elasticity of complementary with two factor production function. Also, In

S

Grossman et al. (2017a), %(i—) on the right side is positive when it is capital-skill
L

complementarity holds. In this paper, capital-skill complementarity holds when
[ckLs—Ckiu] on the right side is positive.

Both sides of Eq. (4) are positive when the following three conditions hold. First,
educational levels are rising over time. This is relevant, as is the increase in the relative
supply of skilled labor shown in Acemoglu (2002) and Acemoglu and Autor (2011). Second,
capital-augmenting technological change occurs". This is also relevant, as is the decline in
investment goods prices shown in Greenwood, Hercowitz and Krusell (1997) and Jones

(2016). Finally, [(cxp, — 1)0., + (ckrs — 10,1 > 0 and capital-skill complementarity hold.

9 Acemoglu (2002), Acemoglu and Autor (2011) and McAdam and Willman (2018) defined skilled labor and
unskilled labor as college graduate and high school graduate. In this paper, because s, isratio of effective

skilled labor to effective unskilled labor, it is some as Grossman et al. (2017a).

© The equivalent of Equation (4) obtained by Grossman et al. (2017a) is (1 — gg;)yx = GKL%%S
K

where F; is marginal products of raw labor, Fy is marginal products of capital, oy, = (F,Fy)/(F.¢F) is
elasticity of substitution between capital and labor, y, is total rate of capital-augmenting technological

change.

" In this paper, we have ignored the case where y, is negative. When g, becomes negative (capital
using technological progress) and its absolute value is greater thang,, yx becomes negative. In this case,
BGP did not theoretically exist in the model of Grossman et al. (2017a), but it can be theoretically shown
in this paper.



capital-skill complementarity is empirically supported®.
3. Two-Level CES Function
In the following, in order to confirm the third condition where both sides of equation (4)

are positive, we specify production function (1) as Two-Level Constant Elasticity of
Substitution (Two-Level CES) function® :

Yy = [:u(ButLut) 2 +(1—pH o

g2
o,—1 02—1]02—1
)

o1 01151
H = [A(Ath) 91 + (1= A)(BseLse) 1 ]

H can be interpreted as an intermediate goods or service produced using capital and
skilled labor. The final goods Y is produced using unskilled labor and the intermediate
goods H. o; is the elasticity of substitution between capital and skilled labor, and o, is
the elasticity of substitution between unskilled labor and intermediate goods (, skilled

labor, or capital). The elasticity of complementary between factors are

1
Cxru = Crurs = P
2

1 (1 1>+1
CKLS - 1_6Lu 0-1 0-2 0-2.

Thus, equation (4) gives

1 - 0-1 1 - 0-2 1 1 S"t
[ o 0,5 + p 9Lu9K] Yk = 014005 (0_1 - 0_2>s_t %)

Equation (5) is a special case where equation (4) is specified as a Two-Level CES

production function. In two factors production function, 6, = 1 — 6,,,, so Grossman et al.

2 See Goldin and Katz (1998), Krusell et al. (2000) and McAdam and Willman (2018).

3 See Sato (1967) for Two-Level CES function. The Two-Level CES in this paper is Y; = [H(K, L,), L,], but
Y, = [H(L,, L), K] is also possible. The former provide capital-skill complementarity explicitly. See Goldin
and Katz (1998), Krusell et al. (2000), Acemoglu (2002), Papageorgiou and Saam (2008), McAdam and
Willman (2018), and Egger and Nigai (2018) for Two-Level CES function which provide capital-skill

complementarity.



(2017a) is also a special case of equation (5). When (Ui — i) on the right-hand side is

[}

positive, % (5—2) 14 {s positive, so equation (5) provides capital-skill complementarity more
explicitly Grossman et al. (2017a). Figure 1 shows Jiz on the vertical axis and Uil on the
horizontal axis. Equation

1—-o0; 1-

02
7] 0,,0,=0 6
o ks + 5, bk (6)

is illustrated as this figure (labeled A). Since the area that represents capital-skill
complementarity (o, > o) is the lower part of the straight line o; = 0,, and the area where
the left side of equation (5) is positive is the upper part of the straight line A, so the area
where both sides of equation (3) are positive is the area that is drawn dotted line in the
figure. Grossman et al. (2017a) did not distinguish between ¢, and g,, so only the upper
right part of Figure 1 could be represented, but in the model of this paper, 0, <1< 0,

supported in the empirical study of capital-skill complementarity.
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Figure 1 : Capital-skill complementarity

Setting s = 0 in equation (3), we obtain Corollary 1.

Corollary 1: Suppose that s is constant. Then a BGP with constant and strictly positive

factor shares can existonly If yx =0 or =29, + % 0,,0x = 0.
2

01

4 See Appendix D for the marginal products of unskilled labor and skilled labor with Two-Level CES.



Corollary 1 is also result similar to Grossman et al. (2017a), and balanced growth in a
neoclassical economy with exogenous population growth and no investments in human
capital requires either an absence of capital-augmenting technological progress or
equation (6) holds. In Grossman et al. (2017a), exits of BGP requires either an absence of
capital-augmenting technological progress or Cobb-Douglas production function. Cobb-
Douglas production function is a case where (6) holds.

Fs
Fy,

Also, Setting o, = 0, = ¢ in equation (§), %( ) = 0. This yields Corollary 2.

Corollary 2 : Suppose that o; = 0, = 0. Then a BGP with constant and strictly positive
factor shares can existonly If y, =0 oro = 1.

Corollary 2 is also result similar to Grossman et al. (2017a), but capital-skill
complementarity is explicitly shown in this result. In this case, ongoing accumulation of

human cannot perpetually neutralize the effects of capital deepening on the factor shares.
4. Skill-Biased Technological Change

In the following, let us consider the case when the growth rates of skilled labor and

unskilled labor are the same?®. In that case, we obtain following proposition.

Proposition 2 : Suppose q grows at constant rate g,. If there exists a BGP along
which factor shares are constant and strictly positive when the factors are paid their
marginal products, then

[1—01 1—0'2 1

1
T L | NN e [ ™

5 With rising levels of education in the economy, it may be unnatural for unskilled and skilled labor to
have the same population growth rate. However, the purpose of this section is to theoretically represent
the situation in which skill-biased technological change needs to occur in order to BGP exists. Our
research focuses on the labor demand side, and it is not an analysis of an economy in which unskilled

labor and skilled labor have the same population growth rate.



where y,, = i—zz, and y,, = g_ZZ' When y,¢ >y, in equation (7), skill-biased technological

change occurs. In Grossman et al. (2017a), the right side was zero when the education level
was constant.

In order to equation (7) to be positive on both sides, (y,s —y.,) must be positive in
addition to the second and third conditions for both sides of equation (4) to be
positive. (y.s — y1.) > 0 represents skill-biased technological change. It is pointed out by
Acemoglu (2002) and Card and DiNardo (2002). In this paper, we can represent capital-skill
complementarity, capital-augmenting technological progress, and skill-biased

technological change. Also, setting y,; = y,,, in equation (23) yields Corollary 3.

Corollary 3 : Suppose that growth rates of unskilled labor and skilled labor are same and skill-
biased technological change does not occur. Then a BGP with constant and strictly positive

factor shares can exist only If y, =0 or g, = 0,.

Corollary 3 can not be obtained in Grossman et al. (2017a). In this paper, we can obtain

this result by formulating skilled labor as third production factor.
5. Conclusion

In this paper, we showed existence of BGP by extended Grossman et al. (2017a) to three-
factor production function of capital, skilled labor and unskilled labor which is specified
as a Two-Level CES function. We obtained similar results to their model, even when
formulated skill as third production factor. Furthermore, we were able to represent capital-
skill complementarity. In this paper, BGP exists when the following three conditions hold.
First, educational levels are rising over time. Second, capital-augmenting technological
change occurs. Finally,  [(cxry — 1)010 + (ckrs — 10,51 >0  and  capital-skill
complementarity hold.

Also, if growth rates of unskilled labor and skilled labor are same, skill-biased
technological change is required in addition to the above second and third conditions.
According to Grossman et al. (2017a), when the education level was constant, there was
requires either gy, or an absence of capital-augmenting technological progress. But, we
can represent capital-skill complementarity, capital-augmenting technological progress,

and skill-biased technological change.
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Appendix A : Proof That the Price of Investment Goods and Final Goods Are Equal
Below we prove that the price of investment goods p, and the price of final goods 1/q;
are equal. Here, it is interpreted that there are firm that convert final goods into investment

goods. Thus, suppose there is an investment goods firm that converts I, to I, by setting

I, = 1,/q,. The profit of the firm is as follows.

M = pele = It = peqele — I = (peqe — DI,
If perfect competition holds, the profit of the firm is zero, so p, = 1/q; holds. O
Appendix B : Proof of Lemma 1

In the following, the lemma 1is proved in the same way as Grossman et al. (2017a). By

assumption C; <Y, equation (2) ensures I, > 0. Equation (3) implying

K.t Iy
Ik = K, = K, 6 (B1)

On aBGP gy is constant meaning that since I, > 0, g, = gk-

Differentiating equation (3) with respect to t gives

C It/q
(gc — gy)?t + (91 —9q — gy) tY L= 0. (B2)
t +

Ie/qr _ 1_&

Substituting for Lt = — in equation (B2) and using g, = gx we have
t t

c
(9x — 94 — 9¢) 7; = (gx — 94 — 9v)- (B3)

If both sides of this expression equal zero, gy = g¢ = gk — g4- Otherwise, since the growth

rates are constant on a BGP it must be that ¢ and Y grow at the same rate implying g, =

gc- But then equation (2) implies If)//i =1 —% is constant and, since g, = g, this ensures
t t

9y = 9k — Yq- o

11



Appendix C : Proof of Proposition 1
The marginal products of capital, unskilled labor, and skilled labor are

— aF(Ath' ButLut' Bstht) — aF(Ath' Butl‘ut: Bstht) a [AK]
K oK d[AK] oK

=K (Ath' ButLuyt Bstht)At'

— aF(Ath: ButLut' Bstht) — aF(Athr ButLut' Bstht) 6[BuLu]
Lu aL, 9[B,L,] L,

=F (Ath: BytLyt Bstht)Butl

— aF(Athr ButLut' Bstl‘st) — aF(Ath' ButLut' Bstht) 6[BSLS]
Ls L 9[B,L] dL

=F; (Ath' BytLuyt Bstht)Bst-

Since factors are paid their marginal products the capital, unskilled labor, and skilled labor

share are

— KtFK (Ath» ButLut' Bstht)
K Yt )

0, = LutFLu (Athr ButLut' Bstht) _ LstFLs (Ath' ButLut' Bstht)
Lu — Yt , eLs - Yt .

From F is constant to returns to scale in three arguments, output per effective unskilled

labor is

Y (Ath By¢Lyt BgiLs:

= F 7 7
ButLut ButLut ButLut

= = F(k,1,s;)
ButLut ) ‘ ‘

A¢K, . . . . . BgtL . .
where k, =—== is effective capital per effective unskilled labor, s, === is ratio of

utbut utbut

effective skilled labor to effective unskilled labor. The marginal products of capital can be

written as

O[(ByeLy)F (ke, 1,5.)]
0K

= AtFl(kt: 1, St)-

Since on a BGP capital share is constant, differentiating capital share with respect to ¢

gives

12



O dInF(k;,1,s;) dInF (ki 1,5)
——————— =Yy t+t—+—=0

0, 9a T 9k — 9y at K it (C1)
From F is constant to returns to scale in three arguments, we have
aY; = F(aA:K;,aBy:Ly;, aBg:Lgt). (C2)
Differentiating equation (B2) with respect to a gives
Y, = 0F (aA.K;, aByLyt, aBsiLs;) n 0F (aAK¢, aBy¢Lye, aBseLs:) L
‘ d(aA:Ky) e 9(aBy;Lye) uttut
0F(aA.K;,aB,;L,;,aBL
( tht ut™ut st st) Bstht- (CS)
d(aBs¢Lgt)
Substituting for a = 1 in equation (B3), we have
Yt = Fl (Ath' ButLut' Bstht)Ath + FZ (Ath' ButLut: Bstht)ButLut
+F3 (Ath' ButLut' Bstht)Bstht (C4’)

where F;, F, and F; are marginal products of effective capital, effective unskilled labor,
and effective skilled labor. The total derivative equation (B4) with respectto Y, K, L,,and

L is
dYt = [At(FllAth + Fl) + FZlAtButLut + F31AtBStLSt]th
+[F12AthBut + But(FZZButLut + FZ) + FBZBsthtBut]dLut
+[F13A¢KBg + Fp3By¢ Ly Bst + Bsi(Fa3BgiLgy + F3)]dLg. (C5)
Also, the total derivative equation (1) with respect to Y, K, L,,and L, is
dY, = F,A,dK, + F,BydLy, + F3BgdLg,. (C6)

From equation (Bs) and (B6), we have

(F114¢Ky + Fo1ByLyy + F31Bs Lo )dK, + (Fi12A¢ Ky + FopByeLyy + F33Bse Lot )d Ly,
+(F13AcK¢ + Fp3By Ly + F33Bg Lo )dLg = 0. (C7)

13



Using equation (B7), equation (B1) implies

h —5t)s,F
_ d ln Fl(kt" 1, St) _ Fllkf + F13$'t _ F12 kt n kt’ St this
Ye = dt = F, ~TF & F,

ke St
= (ckruBru + ckisOLs) P CkisOLs — (C8)
t St

Fi,F __ Fp3F

c Fi3F
FiF, 3 LulLs FyFs ’

and CkrLs = E

where ¢y, = are the elasticity of complementary

between capital and unskilled labor, unskilled labor and skilled labor, and capital and
skilled labor.

Differentiating equation (C2) with respect to t gives

_ FAK,

F,B,L F3BgL
gy = (gA+gK) + ut™ut st™st

F (gpu + gr) + — (gps + grs)

= 0x(ga + gx) + 01u,(gpy + gr) + 015(gps + grs)

ke S
=04 +9K—(1—9K)k—+9Ls—
t S¢

From lemma 1 and definition yx = g, + g4, we have

ke S
k=1~ QK)k_t - 9Lss_t- (C9)
Finally, substituting equation (Bg) for equation (B8), we obtain equation (4). O

Appendix D : The Marginal Products of Unskilled Labor and Skilled Labor

The marginal products of unskilled labor and skilled labor with Two-Level CES are

1

o,—1 02—1]o,—-1 g,—1 1
Fry = [ﬂ(ButLut) %2 + (1 _#)H o2 ] UBye 92 Ly %2,

1
g,—1 g,—1

FLs = [M(Butl‘ut)a—z + (1 - /J)Hg—z]az_l (1 - ,Ll)

14



01(0,-1)
o;—1 01=1]0,(0,-1) g;—1 1

S17- b N
A(Ath) %1+ (1 _/D(Bstht) 91 (1 _A)Bst 91 Lst 1.

X

From above, we have

-1 1 2l 1
d (Fs> (1—-pw(@A =MBg o1 Ly 7124, K, " 05 — 0y
EY% = o,—1 1

JdK -1
.UBut 92 Lut 92

Fy

0103

20,—010,—01

o1—-1 01=1] o,(0,-1)
X [A(AKe) o1 + (1 — A)(BseLge) o1
When g, > 0; (capital-skill complementarity), this equation is positive. u]
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