~ A Service of
’. b Leibniz-Informationszentrum

.j B I l I Wirtschaft
) o o o Leibniz Information Centre
Make YOUT PUbllCCltlonS VZSlble. h for Economics ' '

Moutos, Thomas

Working Paper
Neutral Technological Change and the Skill Premium

CESifo Working Paper, No. 385

Provided in Cooperation with:
Ifo Institute - Leibniz Institute for Economic Research at the University of Munich

Suggested Citation: Moutos, Thomas (2000) : Neutral Technological Change and the Skill Premium,
CESifo Working Paper, No. 385, Center for Economic Studies and ifo Institute (CESifo), Munich

This Version is available at:
https://hdl.handle.net/10419/75615

Standard-Nutzungsbedingungen: Terms of use:

Die Dokumente auf EconStor durfen zu eigenen wissenschaftlichen Documents in EconStor may be saved and copied for your personal
Zwecken und zum Privatgebrauch gespeichert und kopiert werden. and scholarly purposes.

Sie durfen die Dokumente nicht fiir 6ffentliche oder kommerzielle You are not to copy documents for public or commercial purposes, to
Zwecke vervielféltigen, 6ffentlich ausstellen, 6ffentlich zugénglich exhibit the documents publicly, to make them publicly available on the
machen, vertreiben oder anderweitig nutzen. internet, or to distribute or otherwise use the documents in public.
Sofern die Verfasser die Dokumente unter Open-Content-Lizenzen If the documents have been made available under an Open Content
(insbesondere CC-Lizenzen) zur Verfiigung gestellt haben sollten, Licence (especially Creative Commons Licences), you may exercise
gelten abweichend von diesen Nutzungsbedingungen die in der dort further usage rights as specified in the indicated licence.

genannten Lizenz gewahrten Nutzungsrechte.

Mitglied der

WWW.ECONSTOR.EU é@“}


https://www.econstor.eu/
https://www.zbw.eu/
http://www.zbw.eu/
https://hdl.handle.net/10419/75615
https://www.econstor.eu/
https://www.leibniz-gemeinschaft.de/

CESifo Working Paper Series

NEUTRAL TECHNOLOGICAL
CHANGE AND THE SKILL PREMIUM

Thomas Moutos*

Working Paper No. 385

December 2000

CESifo
Center for Economic Studies & Ifo Institute for Economic Research
Poschingerstr. 5
81679 Munich
Germany
Phone: +49 (89) 9224-1410/1425
Fax: +49 (89) 9224-1409
http://www. CESifo.de

* | wish to thank Apostolis Philippopoulos and the European Commission for support
through the GRIT Project for helpful comments.



CESifo Working Paper No. 385
December 2000

NEUTRAL TECHNOLOGICAL CHANGE AND
THE SKILL PREMIUM

Abstract

We construct a two sector general equilibrium model in which one
sector produces a homogeneous good and the other sector
produces a vertically differentiated good. We demonstrate that
uniform (across sectors) and (Hicks) neutral technological change
can cause an increase in the skill premium.

Keywords: Technological change, skill premium, differentiated
products

JEL Classification: E13, J31

Thomas Moutos
Athens University of Economics and
Business
Patission 76
Athens 104 34
Greece
email: tmoutos@aueb.gr



1. Introduction

One of the most widely studied questions of the last decade concerns the reasons behind the
ubgtantid increase in wage (and income) inequdity in OECD countries during the last
twenty years. Juhn et.d. (1993) document for the U.S. that, after controlling for education
and experience, wage differentids have been riang continuoudy since the early 1970's.
Since many studies have found thet is difficult to account for the increase in the kill premium
— defined as the wage of skilled labour rdative to unskilled labour — on the bass of
observable variables, skill biased technologicad change has been proposed as the man
explanation (see, dso, Berman, Bound and Griliches (1994) and Berman Bound and
Machin (1998) for internationa evidence)." Autor, Katz and Krueger (1997) and Machin
and Van Reenen (1998) argue that the widespread use of computers is a manifestation of
kill biased technologica change responsible for the rise in the skill premium. Moreover, asa
matter of logic, Aghion and Howitt (1998) date «Now, if technologica change is to
generate an increase in wage inequdity, it must be because technologica change is biased
toward certain skills or specidiations, in the sense that it reveds and enhances new
differencesin abilities among workers across or within educationa cohorts»(p. 299).

In this paper we demondtrate that technologica change need not be biased in order
to generate increases in wage inequdity. More specificaly, we show in the context of atwo-
sector generd equilibrium modd that uniform (across sectors) and (Hicks) neutrd
technologicd change can cause an increase in the kill premium. We achieve this by

assuming that one of the sectors produces a verticdly differentiated good, and that higher

! The view that increased international competition with unskilled workersin developing countriesis
responsible for therise in the skill premium has been largely discredited. (Johnson, 1997). For an
argument in support of thisview, see, Wood (1994).



qudity varieties of this good are more skilled labour intensve than lower qudity varieties. An
increase in productivity which results in an increase in red incomes generates demand for
higher qudity varieties and therefore an increase in the (relative) demand for skilled labour.
The resulting increase in the kill premium is thus caused not by changes in rdaive margind
products but by a product demand induced shift towards higher quaity products.

En the rest of the paper we first present the mode (section 2) and then we derive
the effects of technologicd change on the skill premium (section 3). The find section offers

some concluding comments.

2. The Model

We congtruct the smplest possible model cagpable of illugtrating the main idea of the paper.
We assume a closed economy which produces and consumes two goods (X and Y) with
the use of skilled labour (S) and unskilled labour (L). We assume that perfect competition

prevalsin dl markets.

a. Production

Good X is ahomogeneous good produced under congtant returns to scale,

X =ASL 0<a<1 (1)
with A being a productivity parameter reflecting the state of technologica knowledge. The
cost minimizing factor demands for skilled (S,) and unskilled labour (L) corresponding to

the above production function are
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where w isthe wage of unskilled labour and r is the wage of skilled |abour. The average cost

function corresponding to equation (1) is
AC=8W O &0 41 @

with the assumption of perfect competition ensuring thet it will be equd to the price of good
X, P«

Good Y is a verticdly differentiated good which can be offered by dl firms at
various quality levels. We assume that qudity is measured by an index Q > 0 and that, there
is complete information regarding the qudity index. We further assume that average costs
depend on quality and thet, for any given qudity level, average cost is independent of the

number of units produced. These assumptions can be captured by the following Leontief-

type production function,
1S Li A
Yo=Aminji—,—y 34l >0 (5)
0" dp

En equation (5), Yo denotes the number of units of quality Q produced, A is the same
productivity parameter as in equation (1) and 43 and 1 are parameters. This particular
specification of production technology implies that as quality increases, more units of skilled
labour are required to produce each unit of the Y good. This assumption is consistent with
the fact that increases in quality — for a given sae of technologica capability — involve the

employment of alarger number of personnel not only for the production of a higher number

2 Assuming a Cobb-Douglas production function would only complicate the algebra without adding
anything of substance to the analysis. Neverthel ess, the assumption of fixed-coefficient technology
necessitates the existence of another sector in which factor use depends on factor prices. Otherwise the
ratio of factor prices would be indeterminate.



of features attached to each good (e.g. dectric windows, air bags, ABS etc. in the case of
automobiles) that directly absorb skilled labour, but dso to the development and refinement
of these features. By contrast the number of units of unskilled labour required to produce a
unit of the good are independent of qudity and equal to 8A™. Ohis is a strong assumption,
and it is adopted here for the sake of convenience. It can be thought of as capturing the idea
that the number of unskilled workers employed (eg. cleaners, security guards, clerks,
drivers of merchandise, workers doing smple assembly operations etc.) is to a large extent
independent of the qudity of the good. In any case, dl that is needed for the results of this
paper, is that higher qudity varieties of the Y good require a higher proportion of skilled to
unskilled labour than lower qudity varigties. This implies that a production function of the
type Yo = A.min{S/4Qi , L/4Q") would secure us the same resullts, aslong as, T > 1.

Aquation (5) implies that the (average cost, and) price a which each variety of good
Y will be offered is

P(Q) = (raQi +wa)A™ (6)
lite thet although P(Q) isincreasing in Q, the «price per unit of the quality index» (=P(Q)/Q)
can be either decreasing or increasing depending on the value of parameter T .
b.  Demand
All households are assumed to have identica preferences, and to be endowed with ether a
unit of skilled or a unit of unskilled labour, which they offer indagticdly. Following FHam and
Hepman (1987) we assume that the homogeneous good is divisble, whereas the qudity-
differentiated product is indivisble and households can consume only one unit of it.
Households are assumed to choose the quantity they want to consume of the homogeneous

product (C) and the quadlity level of the differentiated good (Q) which solves



max U=C"'Q' st.PC+P(Q)=m 0<i<1 (7
where m=r in the case of households (consumers) owning one unit of skilled labour, and
m=w in the case of households owning one unit of unskilled labour. Note that dthough the
price P, remains constant no matter how much the household consumes of good X, the price
«per unit of the qudity index» P(Q)/Q which the consumer pays is not congdant.
Nevertheless, the household knows the exact correspondence between quality and price.
All perfectly comptitive firms are assumed to announce to the households a price list linking
qudlity to price as given by equation (6). The budget congraint faced by the household will
be non-linear in this case. In order to avoid the posshbility of more than one point of
tangency between the budget congtraint and an indifference curve we assume that P(Q)/Q is
increasing for dl vaues of Q.°

The demand functions for each type of household (S and L) arisng from programme

(7) are
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% A necessary condition for thisisthat T > 1. But this is not sufficient since even if T > 1, unskilled
labour costs can initialy (at low levels of Q) be alarge part total labour costs, so that (initially) P(Q)/Q is

decreasing in Q. We, therefore, assume that thisis not the case.
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Assuming that positive «amounts» of quantity and quality are chosen, we have to impose the
restrictions that r-waA™ > 0 and 1-8A™ > 0. These will hold if the initid productivity leve
enables (even the unskilled) workers to afford the lowest qudity a which the differentiated

good can be produced.*

3. Equilibrium
Letting S and L denote the fixed aggregate supplies of skilled labour and unskilled labour
(respectively), the equation describing equilibrium in the market for the homogeneous good

Xis

x: Pt
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with the right-hand-side of equation (12) representing the aggregate demand for good X.
Thisisequd to the quantities demanded by each skilled and unskilled worker (household) —
as given by equations (10) and (11), multiplied by the available supply of workers in each

group.

* The assumption that unskilled workers can not afford the lowest quality at which the differentiated
good can be offered may be more suitable as a description of the situation inmany LDC's (i.e., unskilled
workers can not afford even the lowest quality ovens, automobiles, stereos etc.) Introducing such
features into the model may be aworthwhile extension of the present paper.



With respect to good Y, equations (8) and (9) determine the two «market clearing»
varieties (identified by @ and Q) of the good that will be produced in equilibrium. The
number of units produced and consumed of each variety will be equa to the number of
skilled and unskilled workers, respectively.

The conditions describing equilibrium in factor markets can be written as

= +é n(r- wdd ™) l;|—+én'(w- wdd™?) u—
@ mT i & mi +m

(13)

L=L +Ad(L+S) (14)

Note that in writing equation (13) we have used eguations (8) an (9), which implicitly define
the amount of skilled labour required to produce a unit of quaity Qs (bought by each skilled
worker) and aunit of qudity Q. (bought by each unskilled worker).

The modd is now solved to determine the effects of changes in the common
productivity parameter A on the skill premium, which we define as OV riw. To solve the
mode we subgtitute first equations (4) and (12) into equetion (2), and then we subgtitute the
resulting expression for S, into equation (13). The outcome is equation (15) below which
expresses the relationship between the skill premium O and the productivity parameter

which keeps the market for skilled labour in equilibrium; ®

o — A _1éa(l- n)’[ + : AN_A L e _ A-lx T
S=0 - m erH[(OA BS+(1- ABIL] (15)

From equation (15) we find that
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i.e. neutral technologica change results in an increase in the skill premium. Equation (15)
adso implies tha in the face of continuing increases in productivity, continuing increases in
wage inequdity can be avoided only through continuing increases in the (rdative) supply of

killed labour.

4. Conclusion

This paper has condructed a two-sector generd equilibrium modd in which neutra
technologica change results in an increase in the skill premium. The mechanism generating
this result hinges on the assumption that higher qudity products are more skill-intensve than
lower qudity products. Uniform and neutral productivity increases across both sectors
(which result in increases in red incomes of dl workers) generate demand for higher quality
products. The ensuing increase in the (relative) demand for skilled labour necessitates an
equilibriating increase in the skill premium.

Our framework can aso be adapted for the study of the effects of technological
change on the unemployment rates of skilled and unskilled labour. Minimum wage legidation
(@amed at protecting unskilled workers) may prevent the skill premium from adjusting in the
face of technologica progress, and therefore result in the large increases in unemployment

rates amongst unskilled workers which have been observed in European countries.

® Walras' law ensures that the value of O which results from «solving» equation (15), guarantees
equilibrium in the market for unskilled labour as well. It can also easily be established that a solution for
O exists, and that it is unique.
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