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Abstract: We propose a new framework to analyse the wage premium
behaviour. Building on Acemoglu and Zilibotti (2001), we introduce physical
capital and two assumptions: (i) internal costly investment in both capital and
R&D; (ii) complementarities between capital goods in production. We find that,
for economies relatively abundant in high-skilled labour, a rise in the relative
endowment of high-skilled labour is accompanied by a rise in the skill premium.
We further find that a rise (i) in investment costs or (ii) in the complementarities
degree, requires an increase in the relative endowment of high-skilled labour, for
the economy to remain in the same growth equilibrium. For economies relatively
abundant in high-skilled labour, such rises are also accompanied by an increase
in the skill premium.
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mentarities; Costly Investment.
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1 Introduction

With the present paper we propose a theoretical contribution to the growing
literature on wage inequality.

Our contribution stems from an important debate in the related empirical
literature on whether an increase in the relative supply of high-skilled labour
contributes to the widening of wage inequality. On one hand, empirical evidence
for many developed countries, for instance, Kranz (2006), Acemoglu (2003) and
Zhu and Trefler (2005), reveals a simultaneous rise in the relative supply of
high-skilled workers and the wage inequality in favor of high-skilled labour,
since the 1980s. As surveyed by Richardson (1995), Aghion et al. (2003) and
He and Liu (2008), the skill-biased technological change theory' is the most
accepted theory for explaining a simultaneous rise in the skill premium and the

1See also Bound and Johnson (1992), Katz and Murphy (1992), Juhn et al. (1993).



relative supply of high-skilled labour?. The main argument is that technological-
knowledge progress induces an increase in the relative demand of high-skilled
workers which exceeds the increase in its relative supply, thus raising the skill
premium. Acemoglu (1998, 2002) and Acemoglu and Zilibotti (2001) further
develop this hypothesis by considering that technological-knowledge progress
responds to shifts in labour endowments. These authors interpret the rise in
the skill premium as a direct consequence of the increase in the relative supply
of high-skilled workers. When the supply of one type of labour increases, the
market for technologies used by this type of labour broadens, creating additional
incentives for R&D activities aimed at those specific technologies. Consequently,
technological-knowledge progress steers towards those technologies, which, in
turn, increases the demand for their complementary type of labour.

On the other hand, some empirical evidence, such as that documented by,
for instance, Acemoglu (2003), Crino (2005) and Robertson (2004), does not
always find a simultaneous rise in the skill premium and the relative supply
of high-skilled labour, the suggested explanations for these results resting on
international trade.

Our closed-economy model suggests that both these seemingly contradic-
tory results are possible. It predicts that an increase in the relative supply of
high-skilled labour contributes to the widening of the wage gap in economies rel-
atively abundant in high-skilled labour, whereas in economies relatively scarce
in high-skilled labour the opposite result prevails. The model builds on Ace-
moglu and Zilibotti (2001), adding physical capital and two assumptions new
to this literature, namely: (i) an Hayashi’s (1982) internal cost of investment in
both physical capital and R&D; and (ii) complementarities between intermedi-
ate goods in the production function of final goods, as in Evans et al. (1998).

We bring the costly nature of investment into the model with a twofold mo-
tivation. Firstly, we follow the argument of Benavie et al. (1996) and Romer
(1996) that growth models should treat investment as a decision variable of
firms, and this requires costs to accumulating capital®. Secondly, we also wish
to accommodate in the model the idea that R&D expenses should be considered
capital investment expenses, as Anagnostopoulou (2008) reviews. In the pro-
posed framework, R&D investment is part of total capital investment. Hence,
we can analyse the wage inequality behaviour in an environment with internal
capital investment costs which include R&D expenses.

We also incorporate another relevant feature of industrialised economies,
that of the existence of complementarities between intermediate goods in final-
goods production function. The presence of complementarities means that if the
number of its complementary goods increases, the production of a capital good

20ther theories on wage inequality include, for example, openness to international trade,
changes in the unionization rate, and change in real minimum wages. A general consensus is
that the skill-biased technological change theory provides a more compelling story than these
other theories. For a survey on this literature, see, for example, Acemoglu (2002) and Aghion
(2002).

3Turnovsky (1995) reviews the implications of the introduction of an adjustment costs
function in macroeconomics, and in particular its link with the Tobin-gq.



will increase. In turn, by increasing its output, a producer of an intermediate
good raises the demand for its complementary intermediate goods. Personal
computers, printers and communication networks are familiar examples of such
complementarities. As Matsuyama (1995) notes, complementarities should be
an essential feature in explaining economic growth, business cycles and under-
development?. This is our motivation for considering them in our study of the
wage inequality behaviour.

We find that for economies relatively abundant in high-skilled labour, there is
a positive relationship between the relative supply of high-skilled labour and the
wage premium. In this case, the proposed framework is in agreement with the
skill-biased technological change theory. It disagrees with the mainstream the-
ory, when it comes to economies relatively scarce in high-skilled labour. Hence
the model provides a potential basis for consensus between the two opposite
streams of empirical results above mentioned.

We further find that, everything else being constant, (i) a rise in invest-
ment costs or (ii) a rise in the degree of complementarities between intermedi-
ate goods, requires a rise in the relative endowment of high-skilled labour for
the economy to remain in the same balanced growth path equilibrium. For
economies relatively abundant in high-skilled labour, this (i) rise in investment
costs or (ii) rise in the degree of complementarities between intermediate goods
is accompanied by a rise in the skill premium.

After this Introduction, in Section 1 the economy is characterised, the model
is set up and solved, and main results are discussed. The effects of an increase
in the investment cost parameter are analysed in Section 2, while the effects
of an increase in the complementarities parameter are studied in Section 3.
Concluding Remarks close the present research.

2 Specification and Results of the Model

2.1 Consumption Side

The economy is populated by infinitely-lived households, with zero population
growth. Households supply labour, consume final goods and own firms. House-
holds are endowed with ability level a € [0,1] and supply one of two types of
labour. They supply low (high)-skilled labour, L, (H,), if « <@ (a > @). The
amount of low (high)-skilled labour supplied to the economy is L = fOE L,da
<H = fal H, da), and is paid at a wage rate wy, (wg); thus, L+ H = 1.

All households have identical preferences characterized by a constant relative
risk aversion lifetime utility function, [ e*pt% dt, where C,, (t) is the
consumption of household a at time ¢ € Ry, p is the subjective discount rate,
and o is the coefficient of relative risk aversion.

4This idea has long been conveyed by authors such as Hicks (1950), Kaldor (1985) and
Myrdal (1957). In particular, Bryant (1983) stressed the importance of complementarities
between capital goods in production.



Households accumulate assets, F, which earn returns at the interest rate
r(t). Each household’s stock of assets is composed by his(hers) net savings,
given by the difference between his(hers) income (interest and wages) and his(hers)
consumption. The flow budget constraint of household a is E,(t) = 7 (t) E, (t)+
wp (t) Fy (t) — C, (t), where E,(t) is the change in the assets stock of a, F = L
ifa<aand F=H if a > a.

Household a maximizes lifetime utility subject to the budget constraint and
the “no Ponzi games” condition (lim;— E, (t) e ?* = 0). The solution for the
consumption path, which is independent from the household, is the standard
Euler equation:

.- CclH - o (1)

where C (t) is the change in aggregate consumption. It says that in a balanced
growth path the interest rate must be constant.

2.2 Production Side

2.2.1 Complementarities between Intermediate Goods

Building on Acemoglu and Zilibotti (2001)7, in the final good Y sector, com-
petitive firms are indexed by n over the range [0, 1]. Two substitute production
technologies are available. The Low (High)-technology, which we name the L
(H)-technology, uses a combination of Low (High)-skilled labour and a con-
tinuum of Low (High)-specific intermediate goods indexed by j € [0, AL(t)]
(7 € [0,Au(t)]). Intermediate goods enter complementarily in the production
function as in an Evans et al. (1998). The production function of firm n is given
by:

Yo (8) = (1 =) eL,) = (1 @y (1) ) =

l1-a Ap(t) Y g ¢ (2)
+ (nhH,) ( A g (8) dj) ,
where x;,,(t) represents the quantity of the intermediate good j used to produce
the final good n. Variables Ay (¢) and Ap(t) represent, respectively, the number
of Low and High intermediate goods or, in other words, the Low and High
technological-knowledge stock, at time t. The integral terms in (2) are the
contributions of intermediate goods to production. The ratio %‘f = A is our
measure of the technological-knowledge bias.

The restriction v7¢ = « is imposed so as to have constant returns to scale,
since 0 < a < 1, and « is the aggregate intermediate-goods input share. The
restriction ¢ > 1 is made so that intermediate goods are complementary to one
another; that is, so that an increase in the quantity of one intermediate good
increases the marginal productivity of the other intermediate goods.

5See also Acemoglu (1998, 2002), and Afonso (2006, 2008).



Terms (1 —n) L, and nhH, sum up the contribution of labour to pro-
duction: (i) Variables L, and H,, are the amounts of, respectively, Low and
High-skilled labour used by firm n; (i) ! and h are the productivity parame-
ters of, respectively, Low and High-skilled labour, and an absolute productivity
advantage of High-skilled over Low-skilled labour is accounted for by assuming
that 1 <1 < h; (iii) Terms (1 — n) and n imply that Low (High)-skilled labour is
relatively more productive in producing lower (higher)-index final goods. Both
fol L,dn =L and fol H,dn = H hold at any moment in time.

To solve the model for a constant growth rate, we impose the following
parameter restriction:

¢—1
C=1"a

-

Considering p,(t) the price of final good n, and normalising the price of
the composite final good, Y, at each time ¢ to one, this economy’s output is
obtained by integration over the n final goods:

Y(t) = /O Py, (t)dn.

According to production function (2), Low-skilled labour is more productive
when it comes to producing low-index final goods, whereas High-skilled labour
is more productive at producing high-index final goods. This means that, as
shown below, there is an endogenous threshold 72(¢) such that the production of
final goods n € [0,72(t)] uses only the L-technology, whereas the production of
final goods n € [n(t), 1] uses only the H-technology. Hence, we have that:

(1) 1
Y(t)= / PppYor (t)dn + / P,y You (t)dn,
0

()

where P, (P,p) is the price of final good n produced with L (H)-technology.

The second productive activity concerns the production of physical machines
for each of the already invented types of intermediate goods. Assuming that it
takes one unit of physical capital to produce one physical unit of any type of
intermediate good, physical capital K () is related to intermediate goods by the
rule:

Ap(t) Ap(t)
K(t) = K (04 Kn(t), Ki(t) = /O w1y (0df and K (t) = /O a5 (D)),

where x1;(t) (z#;(t)) is the total quantity that each L-technology (H-technology)
intermediate good firm produces.

Turning to R&D activities, following Rivera-Batiz and Romer (1991), we
assume that new designs are invented with the same technology as that of the
production of the final good and of intermediate goods. We further assume that
the invention of the L(H)-technology patent i (i = Ar or i = Ap) requires,



like in Evans et al. (1998), i¢ units of foregone output, meaning that there is a
higher cost for designing goods with a higher index.
Total investment in each period is then given by:

Z(t) = Zy(t) + Zu(t);

where:

Zr(t) = Kp(t) + AL(t)AL(t)* and Zy(t) = Ku(t) + A (t)Au(t)*.

Thus, Ky and Kp represent investment in physical capital, and Ap ALt
and Ay Ap¢ represent investment in the invention of new designs in the L- and
H-technology, respectively. Total capital at time ¢, Z(t), is equal to:

1

Z(t) = Kp(t) + Ku(t) + Tr¢

(AL()H + Au(t) ). 3)

It is shown, in the appendix, that in a balanced growth path, the ratio %
is constant, meaning that we can write this economy’s production function as:

Y(t) = BZ(1), (4)

where B, the marginal productivity of total capital, is constant.

2.2.2 Internal Costly Investment

Following Thompson (2008), we consider that investment in total capital Z(t)
involves an internal cost. We assume that, with zero capital depreciation, in-
stalling I(t) = Z(t) new units of total capital requires spending an amount given

by:
1, I(t)?

2
where %9% represents the Hayashi’s (1982) installation cost, with 8 > 0
standing for the adjustment cost parameter.

The investment rate is chosen so as to maximise the present discounted value

of cash flows. Having in mind equation (4), the current-value Hamiltonian is:

1, 1(t)? :
H(t) = BZ(t) - 1(t) = 50— +a(t) [1() = Z(1)],
2 Z(t)
where ¢(t) is the market value of capital and the transversality condition for
this optimization problem is tlim e "q(t)Z(t) = 0. Recalling that the growth

rate of output is g = %, the first-order condition is equivalent to:

q=1+0yg, (5)



and the co-state equation is, in a balanced growth path, equivalent to:

B+ 309°
q=——"-".
.

(6)

Proceeding with the setting up of the model, let us look at the decisions
made by each of the n final-good firms. Functioning in a perfect competition
environment, each final-good firm maximises its profits, taking as given prices
and wages:

ma(x)ﬂn(t) = P, (t)Y,(t) — wr(t) Ly (t) — wy (t)H,(t)—

Tnj(t .
~ S Ruri 02y (0)dj — f3 Ry (O (D).

The profit maximising conditions,

dTrn _ RnLj d dﬂ'n o RnHj

)
danj PnL danj PnH

lead to the following demand functions faced by the L- and H-technology inter-
mediate good firms:

Ar ¢—1
Rurj = aPp[(1—mn) (L)' ™" l/ xZLjdj] T (7a)
0

o—1
Ap

Rupmj = aPup [nhH,)' ™ l / ledejl ) - (7h)
0

Turning now to the intermediate good firms production decisions: Once
invented, the physical production of each unit of the specialised intermediate
good requires one unit of capital. Thus, in each period, the monopolistic L (H)-
technology intermediate good producer maximises its profits, taking as given the
demand curve of each final-good firm n for its good:

max L, (t) = Rnrj()Tnr;(t) — rqunr;(t),
nj

MaX 7, 1 (t) = Rumj()Tnm;(t) — rqznm;(t),
Tnj

which leads to the markup rule:

r
RnLj = RnHj =Rp=Rg=R= 7‘];

meaning that intermediate-good producers charge the same price for their dif-
ferentiated goods, R, to all final good producers. R is constant in a balanced
growth path.



The symmetry of the model also implies that all L (H)-technology interme-
diate good producers sell the same quantities of their goods to each final-good
firm n. We can then rewrite equations (7a) and (7b) as, respectively:

Ry =aPup[(1—n) (L)' A7 257" and R = aPop [nhH,)'™" Af el

(8)
Taking into consideration that, in each period, we have
L H
Ln = % and Hn = m, (9)
and normalising prices so that:
= =
= P = Py
Pl ==L and P = ( 1"_Hﬁ), (10)
equations (8) are equivalent to:
1
Pyt~ Py
Znr = (1 —n) AséL L and z,g = nAE hH an . (11)
R Ry

It follows that the total quantity that each L (H)-technology intermediate
good firm produces and sells is, respectively:

xr :/ Tnrdn = (%) AS L [O;%PL] - , (12a)
0 L

L 1 - 72 Py]Te
TH :/ Tppdn = AE hH aH . (12b)
- 2 RH

n

Each L (H)-technology intermediate good producer’s profits are, respectively:
ni2-mn (==
71 = (1= ar Ry = (%) (1= ) ASLL (@P) ™7 R, (13a)

1-—72

o = (1= = (15 ) (=) Akt @Pa) ™7 BT, ()

At time ¢, in order to enter the market and produce the Ay (Ag)th interme-

diate good, a firm must spend up-front an amount given by A (#)¢ (Am(t)%).
Hence, the dynamic zero-profit conditions are:

Ap(t)t = / e_"(T_t)ﬂLj(T)dT and  Ag(t)s = / e_"(T_t)ﬂ'Hj (T)dr,
t t
which, assuming no bubbles, are, for each technology, equivalent to:

1 I, 1 TH
940 = ¢ [7" - A—i] and g4, = ¢ [7" - AT] (14)



In a balanced growth path solution g4, = g4, , which means that the ratios

%‘ and %ﬁi must be equal and constant. This implies that the threshold final
L

good, m, and prices, Py, Pr, as well as the price ratio % = P are constant. It
also implies that:

Mg gty g w1 (15)
1-77)

Pl—a = l L

—~| Sl

Carrying on, the symmetry of the model also allows us to write the produc-
tion function for firm n as:

{[(1n>eLn] AL [$]TT RIS ifn <7 "
- \[phH,) A [2]TF P ifn>T

Being in a perfect competition environment, it must be that P,,Y,, =
PhoYono, Yu,v =0, ...,7, and that Py, Y,y = Ppy Yoy, Yu,v =, ..., 1. Hence, for
the threshold final good, 7, we have that:

priz = 1T %“) AR, (17)

where, recall, P = %, and A = %ﬂ. For m it is also true that Prr = Prg,

from which, using equation (10), it follows that:

P = (18)

1-m

Expressions (15) and (18) together give us the value for 7:

9 _
n= —71, (19)
1+H
which implies restrictions:
2H ' >1 and 2H > 1 (20)

Expressions (17) and (18) together give us the endogenously determined
technological-knowledge bias, A:

—\ 2 — ~ 2
A1+5<1_n) <1+E)<2H~1> o o)
n 2—-n 2_-H
To sum up, profit maximization (by perfectly competitive final goods produc-
ers and by monopolist producers of intermediate goods) and the full employment
equilibrium in factor markets, given the labour supply, L and H, determine: (i)

the endogenous threshold final good, 7; (ii) the technological-knowledge bias,
A; and (iii) the price ratio, P. That is, together with the values assigned to h




and [, labour endowments determine the balanced growth path values of 77, A
and P.

Equations (13a), (13b), (18), (19) and (21) are useful for understanding the
action of both the market-size channel and the price (of final goods) channel
from the H ratio into the A ratio. For example, an increase in H decreases 1w —
see (19) — implying that more final goods are produced with the H-technology,
which generates positive market-size incentives on Ay — see (13a) and (13b).
That is, profit opportunities in the production of intermediate-goods used by
high-skilled labour bias the technological-knowledge in favour of Ag.

Regarding the price channel, small 7 implies that the relative price of H-
technology final goods is also low and, conversely, the relative price of L-
technology final goods is high — see (18). Thus, profit opportunities in the pro-
duction of intermediate-goods used by the relatively high-priced L-technology
final goods bias the technological-knowledge in favour of A; — see (13a) and
(13b); i.e., there are more incentives to develop the technologies used to pro-
duce the final goods that command higher prices.

The positive market-size channel (through higher H and lower 7) on A dom-
inates the negative price channel (through lower P ratio) on A — see (21) and
our detailed analysis on the skill premium later on.

Continuing with the setting up of the model, recalling equations (12a) and
(12b), this economy’s production function is rewritten as:

= n2 -7 1 —_n2 1
Y = [%} e {Aljf (—" (22 ")) ILP 4+ AL (1 2" >hHP;I“ } (22)

Log-differentiation of equation (22) shows that the growth rate of aggregate
output is g, = (1 + £)ga. Hence, one of the equations in (14) can be rewritten
in order to define the Technology curve:

1+¢ TL 14¢ Dy 1+¢ Dy

gy:T T e T 3 r—= = = 3 r—= = | (23)
AL (rq)™== (rq)7==

since Dy and Dy, are equal to each other in a balanced growth path and such

that:

2Dy = (1 -n?)hH®Ey and 2D =0 (2 —7)(LOF,
®=(1-~)™5, Ey=(aPy)™ and Ej = (aP)Te.

2.3 General Equilibrium

Log-differentiation of equation (3) tells us that, in a balanced growth path equi-
librium, the growth rate of total capital is g, = (1 + £)ga, equal to the growth
rate of total output. Hence, in the general equilibrium solution, as labour is
constant, the per-capita economic growth rate is given by:

ge = Gy=9gr=9,=9=1+&ga;
9n = gpr, =9Py =9gr =Ggay = gwy = 0.
Ar Wi,

10



The general equilibrium solution is obtained by solving the system of two
equations, (1) and (23), in two unknowns, r and g:

g=5(r—p)
_14€ D ,and r > g > 0,
9= |" " =
(rq)1-=

where the restriction r > g > 0 is imposed so that present values will be finite,
and also so that our solution(s) have positive value(s) for the interest rate and
the growth rate.

The Euler equation is linear and positively sloped in the space (r,g). Ap-
plication of the implicit function theorem shows that the nonlinear Technology
curve is also positively sloped in the first quadrant of the space (r, g):

dF(r,g
dr =T = § >0
dg L —1+9+q(-125) (455) Do (9™

In order to determine numerically the general equilibrium solution(s) and
visualise it graphically, the chosen parameter values are:

a=04;~v=01;,0=2; p=0.02; 0=30; I =1; h=1.2; H=0.35; L =0.65,
where the values for «, v and consequently ¢ = % and £ = % are the same
as those used by Evans et al. (1998) in their numerical example. The values
for the preference parameters o and p are in agreement with those found in
empirical studies (e.g., Barro and Sala-i-Martin, 2004, Chap. 2). The values for
0, I, h and for the initial conditions, L and H, are in line with our theoretical
assumptions, allowing us at the same time to round the U.S. average growth
rate in the post-war period (see, e.g., Jones, 1995). The unique real equilibrium
can be imaged in Figure 1, and is characterised by:

g =0.0267 and r =0.0733

2.4 Skill Premium

Let us now determine the skill premium, I{,—VVIZL = W, in the balanced growth path

solution. Working with the production function (16) and equations (9) and (10)
it follows that wages are equal to:

o a(Z:)'r7,LY;’LL) o =\ @ 1+¢ ﬁ 2 ==
Wy = S — [(1 )l aLlL} Al+epr [R} :
. a(PnH}/nH) _ @ — 14+¢ = g =
Wi = =50 = | SmhH +7h| AP [R}

Hence, using equation (17), we find the skill premium to be equal to:

11



9 Technology

0.4

0.2 Euler

0.1 0.2 0.3 0.4 0.5
-0.2
(
Figure 1:
Wa _ ., Z20H72 4+ 6PRHT — 207H — 31 (24)
WL 0 —23HN 4 61hPH — 2h3H? — 31%h

It follows that the influence of the relative endowment of high-skilled labour
on the skill premium is felt according to:

AW 15Ph* = 20PRPHT 4 151*h*H % = 3IPRH T — IH " — 3IR°H — hOH?
OH (=213H~1 + 6Lh2H — 2h3H2 — 312h)?

(25)

Equation (19) tell us that, for our parameter values | = 1 and h = 1.2, the
relative endowment of high-skilled labour, H, can only assume values in the
interval [0.417,1.667]. According to equation (25), the derivative 0—)7/1\] is positive
for values of H in the interval [0.512,1.357]. Hence, we have the following result:

If 0512 <H <1.357 then i > 0. (26)
OH

Our proposed model is hence in agreement with the skill-biased technological
change theory, if we consider values for H between 0.512 and 1.357, that is, for
economies relatively rich in high-skilled labour. It disagrees with the skill-biased
technological change theory otherwise.

More specifically, due to the combination between types of labour and types
of intermediate goods in final goods production, changes in wage inequality
are closely related to labour endowments — as equation (24) clearly shows. A
rise in the relative supply of H increases the high-skilled labour premium when

12



0.512 < 'H < 1.357. In fact, the market-size channel (higher H implies higher
A, which implies higher W) outweighs the price channel (higher H implies lower
P, which implies lower W).

Indeed, the technological-knowledge bias, A, is also fully determined by the
labour endowments and their respective productivity parameters. According to
(21), we have that:

O[AY™E]  —dm+5m2 - 2m° + 7t

on (2m% —m%)”

<0,

and we can also find that:
@ — 7_3h < 0
M (1+H)

hence, we know that ratios A and H move in the same direction:

oL 9[A] am
oH —  On OH '

3 Effects of Costly Investment

How does an increase in the adjustment cost parameter, 0, affect the skill pre-
mium? Lets us find out what must happen to the relative high-skilled labour
endowment, H, ceteris paribus, so that this economy remains in the same general
equilibrium balanced growth path as before, despite having to accommodate a
higher internal investment cost 6.

Proposition 1 Facing a higher investment cost parameter, 0, this economy
must have a higher H ratio, ceteris paribus, if it is to remain in the same
balanced growth path solution as before.

Proof. Firstly, recall our Technology curve (23):

GILLH—3hH
. _Dn ]_1+§ ()’ ®Em

(rq)™= -

_1+4¢
I=7¢

£ (rq)T=

with Ex constant. Working with restrictions (20), we find that:5

H)? + 4LhH — (IL)? H)? —|LhH — 2(IL)?
6£:3h[5(h P+ AILWH — (LP] 0Dy _ GL[(hH)* ~ILh we _,

aLy(1+~ﬁ)4 oL meZ(ﬁ—l+1)4
(27)

6If we choose instead to work with the Technology curve in terms of L, i.e. with Dy, we
find that S5L > 0, and 95L < 0.
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Secondly recalling equation (6), we have that:

d|(rg)T= 201
[ } e 2 <B T %992> >0, (28)

1
00 21 -«

In order to accommodate a higher value for # while remaining in the same
general equilibrium solution as before, we must have that:

dDy = d |(rg) ™% |,
equivalent to:

oDy dDy 9 [(Tq) e
o "t o =T g
Since H + L is constant, it must be that dH = —dL. Hence, let us first
suppose that: dL > 0 A dH < 0. Then, given (27) and (28), equation (29)
assumes the following relations, where symbol @& stands for a positive term and
symbol © represents a negative term:

} do. (29)

PXO+OXD=BXD,

which is impossible.
It follows that it can only be that: dH > 0 A dL < 0. In this case, equation
(29) displays a possible relation:

OXP+OoOXO=BXD

Concluding, a higher 6 implies a higher H ratio in order to remain in the
same equilibrium as before. m

Bearing in mind result (26), the rise in H € [0.512,1.357] motivated by an
increase in 0 requires a rise in the skill premium. Indeed, in this case, the increase
in the relative supply of high-skilled labour induces technological-knowledge bias
that strongly stimulates the demand for H — see the previous subsection.

Putting it in another perspective, looking at two high-skilled labour abun-
dant economies — H € [0.512,1.357] — similar in everything but their investment
costs, if they are growing at the same rate, the economy with higher investment
costs must have a higher relative endowment of skilled labour, and consequently
display a larger skill premium.

4 Effects of Complementarities between Inter-
mediate Goods

How does an increase in the complementarities parameter ¢, affect the skill
premium? Let us find out how the relative supply of high-skilled labour, H,
must change so that our economy, facing a higher degree of complementarities
between intermediate goods in the production function, manages to remain in
the same balanced growth path solution.

14



Proposition 2 Facing a higher complementarities parameter, ¢, this economy
must have a higher H ratio, ceteris paribus, if it is to remain in the same
balanced growth path solution as before.

Proof. Firstly, we must remember that, according to our production func-
tion (2), a higher value of ¢, implies a lower value of ~, if we are to keep the
same value for the capital share in output, a.

Our relevant ratio in the chosen Technology curve (23) is once more:

Dy (1—yT=(1-n*)hHEy
(rq)™== 2(rq)™== ’
from which it follows that:
ODy  [a—1~ = 7%(1 —n?)hHEg
oy 2

> 0, 30
T o (30)
which is positive because a >+, according to our production function assump-
tions.

In order to accommodate a lower value of v while remaining in the same
general equilibrium solution as before, we must have that

- GDH 8DH aDH _
dDy = px dy + 8HdH+ oL dL =0,
equivalent to:
GDH 8DH . aDH
BYi dH + 3L dL = — 9 dry (31)

Suppose first that: dL > 0 AdH < 0. Then, given (27) and (30), equation
(31) assumes the following relation, where symbol @ stands for a positive term
whereas symbol © stands for a negative term:

EXO+toXB=6X06,

which is impossible.
It follows that it can only be that: dH > 0 A dL < 0. In this case, equation
(31) displays a possible relation:

EXP+OXO=0XO

Concluding, a higher ¢ implies a higher H ratio so that the economy remains
in the same equilibrium as before. m

According to result (26), the required increase in H € [0.512, 1.357] resulting
from an increase in ¢ requires a rise in the skill premium.

Looking at two high-skilled labour abundant economies — H € [0.512,1.357] —
similar in everything but their degree of complementarities between intermediate
goods in the production function, if they are to grow at the same rate, the
economy with a higher degree of complementarities must have a higher relative
endowment of skilled labour, and consequently display a larger skill premium.
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5 Concluding Remarks

We have developed a dynamic general-equilibrium model with growth driven by
R&D applied to intermediate goods that: (i) complement either high or low-
skilled labour in final-goods production; and (ii) are complementary to each
other in their respective high-technology or low-technology side of the produc-
tion function. Moreover, in the introduced model, there are costs to investment
in both R&D and physical capital.

Both assumptions of internal costs of investment and of complementarities
between intermediate goods in the final goods production function have not yet
been considered in previous studies on wage inequality and, as mentioned in the
Introduction, they constitute two important features of current economies.

In the proposed model, the complementarity between intermediate goods
and either high or low-skilled labour implies that the wage inequality is directly
linked to the relative endowment of high-skilled labour and the technological-
knowledge bias, as is suggested by the skill-biased technological change litera-
ture. However, due to the introduction of physical capital, and the assumptions
of internal costly investment (in both physical capital and R&D) and of com-
plementarities between intermediate goods in final-goods production, the direct
relationship between the relative high-skilled labour endowments and the wage
inequality exists only for economies relatively abundant in high-skilled labour.
For economies relatively scarce in high-skilled labour, the model predicts an in-
verse relationship between the relative supply of high-skilled labour and the skill
premium. Hence the proposed framework constitutes a potential basis for con-
sensus between the opposite results in terms of the relation between the relative
endowment of high-skilled labour and the widening of the wage gap gathered
by the empirical literature.

Furthermore, we conclude that, with everything else remaining constant,
a rise in investment costs or an increase in the degree of complementarities
between intermediate goods in final-goods production is associated with a rise
in the relative endowment of high-skilled labour. As a result, in economies
relatively abundant in high-skilled labour, the skill premium increases with an
increase in investment costs or an increase in the degree of complementarities.
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Appendix

Variable B is the marginal productivity of total capital:

Y
B = —
Z

[%]ﬁ {A1L+£ (ﬁ(2gﬁ)> ELPLIT“ _‘_A;;rﬁ <17252> hHPI;_“}

[2]7= {A1L+5 (Pem) L P + Al (2) hHP;#} e COAR A}
y
Y [§] + e (417 + 457)

s _ _a _1
<2+n;7_L—2n> [%} T—a éLPifa

73 _om — = a2\’
(25) (3] 77 Pl + o (B5)

constant in a balanced growth path.
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