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Ineaualitv and Economic Growth: 
~ l e  of the New ~ k r s ~ e c t i v e  

Growth Theories 

Philippe Aghion, Eve Caroli, and Cecilia Garcia-Pefialosa.' 

1. Introduction 

THE QUESTION of how inequality is 
generated and how it reproduces 

over time has been a inajor concern of 
social scientists for more than a century. 
Yet the relationship between inequality 
and the process of econo~nic development 
is far from being well understood. 

First, on the effect of inequality on 
growth in market economies: the con-
ventional textbook approach is that in- 
equality is good for incentives and 
therefore good for growth, even though 
incentive and growth considerations 
might (sometimes) be traded off against 
equity or insurance goals. On the other 

1Aghioil: University College London and 
EBRD. Caroli: INRA-LEA and CEPREMAP, 
Paris. Garcia-Pefialosa: GREQAM, Marseille. This 
survey draws heavily from joint work with Patrick 
Bolton, Peter Howitt, Abhijit Banerjee, and Gian 
Luca Violante. We are particularly grateful to 
Tony Atkinson for many insightful reinarks and for 
drawing our attention to numerous relevant pieces 
of work. We also benefited from the comments of 
Beatriz Armendariz, Roland Benabou, Steve Bond, 
Theo Eicher, Juan Antonio Garcia-Diez, Jon T e n -  
ple, Steve Redding, Andrea Richter, the editor 
(John McMillan), and the referees. Finally, we 
wish to thank the "Cost of Inequalit " grou of the 
McArthur Foundation and the Scxool o fpub l ic  
Policy at UCL for invaluable intellectual and fi- 
nancial support. An earlier version of this survey 
was given as the Raffaele Mattioli Lecture in L. 
Bocconi University. 

hand, development economists have long 
expressed counterarguments, although 
not in a formalized way. For example, 
Michael Todaro's book Economic Devel- 
oprrzent provides four general argu-
ments why "greater equality in develop- 
ing countries may in fact be a condition 
for self-sustaining economic growth," 
namely: (a) disaving andlor unproductive 
investment by the rich; (b )  lower levels 
of human capital held by the poor; (c)  
demand pattern of the poor being more 
biased towards local goods; and (d )  
political rejection by the masses."e- 
cently, the view that inequality is growth- 
enhancing has been further challenged 
by a number of empirical studies, often 
based on cross-country regressions of 

GDP growth On 
They all find a negative correlation be- 
weenthe average rate of growth and a 
number of measures of 

An interesting case study is that of 
south K~~~~ and the philippines during 

the past years, discussed Ro-
land Benabou (1996). In the early 1960s, 
these two countries looked quite similar 

with regard lnajor 

Qee Todaro (1997) pp. 165-66. \Ye are grateful 
to Tony Atkinson for pointin this out to us. 

3 This literature is ~ o m ~ r e ~ e n s i u e l y  reviewed by 
Benabou (1996). 
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indicators (GDP per capita, investment 
per capita, average saving rates), al- 
though they differed in the degree of 
income inequality. In the Philippines 
the ratio of the income share of the top 
20 percent to the bottom 40 percent of 
the population was almost twice as large 
as in South Korea. Over the following 
thirty-year period, fast growth in South 
Korea resulted in a fivefold increase of 
the output level, while that of the Phil- 
ippines barely doubled. That is, con-
trary to what the standard argument 
predicts, the more unequal country 
grew more slowly. 

The first part of this paper is con-
cerned with providing new theoretical 
insights on the effects of inequality on 
growth. In contrast to the arguments 
provided by Todaro, it will try to recon- 
cile the above empirical findings with 
existing microeconomic theories of in- 
centives, concentrating on credit mar-
ket imperfections and moral hazard. We 
show that, in some instances, greater in- 
equality may reduce an economy's rate 
of growth. 

The immediate implication of our 
analysis is that redistribution can foster 
growth. However, the growth process is 
unlikely to leave inequality unchanged. 
The question then arises of whether 
this feedback creates a virtuous circle, 
in which redistributive policy can be 
used to reduce inequality, which in turn 
would accelerate growth and thereby 
automatically induce further reductions 
in inequality. Or, on the contrary, does 
growth initiate a vicious circle because 
it spontaneously increases inequality, 
therefore calling for permanent redis- 
tributive efforts? The early literature on 
the evolution of income inequality over 
the process of development used to be 
dominated by the so-called Kuznets hy-  
pothesis.4 Using both cross-country data 

Qee Kuznets (1955) and (1963). 

and time series, Simon Kuznets (1963) 
found an inverted U-shaped relation be- 
tween income inequality and GNP per 
head. This result was interpreted as de- 
scribing the evolution of the distri-
bution of income over the transition 
from a rural to an industrial economy: 
income inequality should increase dur- 
ing the early stages of development 
(due to urbanization and industrializa- 
tion) and decrease later on (as indus- 
tries would already attract a large frac- 
tion of the rural labor force). And 
indeed, in the US the share of total 
wealth owned by the 10 percent richest 
households rose from 50 percent 
around 1770, to about 75 percent 
around 1870, and then receded back to 
50 percent in 1970. 

Up to the 1970s, the Kuznets hy-
pothesis seemed to account for the ex- 
perience not only of the US but also of 
most of the OECD c o u n t r i e s , b h e r e  
there appeared to be a virtuous circle: 
lower inequality would foster growth, 
which in turn would reduce inequality. 
However, the downward trend in in-
equality experienced by these econo-
mies during the twentieth century has 
reversed sharply in recent times. In par- 
ticular, the past fifteen years have wit- 
nessed a significant increase in wage 
inequality. For example, during the 
1980s, the ratio of the 90th to the 10th 
percentile of the male wage distribution 
increased by 27 percent in the UK and 
by 18 percent in the US.6 

In light of the recent evidence, new 
theories are needed to understand the 

5 The evidence that growth generates higher in- 
equality in less-developed countries is less clear- 
cut. The relevance of the Kuznets curve for devel- 
oping countries was challenged more than twenty 
years ago by authors such as Irma hdelman and 
Cynthia Morris (1973). Sudhir Anand and Ravi 
Kanbur (1993) present an account of this litera- 
ture. 

GSee OECD Employment Outlook (1993), pp. 
61-62. 
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impact of growth upon inequality. Eco- 
nomic growth during the past twenty 
years has been closely associated with 
three phenomena: trade liberalization, 
technical change, and the emergence of 
new organizational forms. The second 
part of the survey will analyze the way 
in which these three factors might af- 
fect inequality, and, in particular, how 
they may account for the absence of a 
virtuous circle between inequality and 
growth. 

The two parts of the survey are con- 
cerned with different concepts of in-
equality. The first part concentrates on 
wealth inequality, while the second fo- 
cuses on wage inequality. This choice of 
focus is by no means arbitrary. First, 
when looking at the effects of inequality 
on growth, we are primarily interested 
in the ways in which "distribution" can 
affect aggregate output and growth 
through its impact on individual invest- 
ments in human or physical capital. 
What is relevant then is the distribution 
of wealth, no matter whether this 
wealth results from the accumulation of 
labor earnings or capital income. Sec- 
ond, when looking at the effects of 
growth on inequality, one may want to 
distinguish a priori between changes in 
labor earnings and other sources of in- 
come. Concentrating on the former 
rather than on household income allows 
us to abstract from changes in redis-
tributive policies, in interest rates, or in 
patterns of household formation.7 

2 .  Is Inequality Always Good 
for Growth? 

2.1 New Evidence and Old Theories 

The 1990s have witnessed a resur-
gence of interest in the determinants of 
economic growth. The development of 

7 S e e  Fran~ois Bourguignon (1998) and Gary 
Burtless (1999). 

endogenous growth theory and the 
availability of comparable data on na-
tional incomes and growth rates for a 
large cross-section of countries has per- 
mitted the empirical analysis of the 
causes of national differences in growth 
rates. Within this vast literature, several 
studies have examined the impact of in- 
equality upon economic growth. The 
picture they draw is impressively unam- 
biguous, since they all suggest that 
greater inequality reduces the rate of 
growth.8 Such a result comes as a sur- 
prise both with regard to traditional 
theories in the field and to the channels 
through which inequality might affect 
the growth process. 

The evidence on inequality and 
growth follows what has by now become 
the standard approach to cross-country 
comparisons of the determinants of 
growth. The average annual rate of 
growth of per capita GDP over the pe- 
riod 1960-85 is regressed on a set of 
explanatory variables at the start of the 
period (i.e. around 1960) in order to 
assess their relative contribution to 
growth. The various studies dealing 
with the impact of inequality are consis- 
tent in both the data9 and the method- 
ology used. The underlying theory is 
that wealth inequality determines in-
vestment in physical or human capital, 
which in turn affects the long-run 
growth rate. Unfortunately, the absence 
of data on the distribution of wealth for 
a sufficient number of countries forces 
researchers to use proxies in empirical 
studies. The most common approach is 
to use data on income inequality as a 
proxy for wealth inequality. It is gener- 
ally argued that this is unlikely to be a 
major problem since both measures of 

See Alesina and Rodrick (1994), Perotti (1992, 
1993, 1996), and Persson and Tabellini (1994). 

9 The data used are the World Bank data on per- 
sonal income distribution and the Summers-
Heston data set on national incomes. 
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distribution generally vary together in 
cross-sections. Alternatively, the true 
distribution of wealth is sometimes 
proxied by the distribution of land.10 

Reduced-form equations are then es- 
timated, in which the average rate of 
growth of GDP is regressed on a mea- 
sure of inequality around 1960. They all 
give consistent results. Alberto Alesina 
and Dani Rodrik (1994) regress the av- 
erage growth rate over 1960-85 on the 
Gini coefficient of income and of land 
around 1960. The estimated coefficients 
imply that both variables have a nega- 
tive impact on growth, even when con- 
trolling for the initial per capita income 
and for the primary-school enrollment 
rate in 1960. Greater inequality in the 
distributions of income and land thus 
appears to slow down economic growth. 
Symmetrically, equality seems to be 
growth-enhancing. Torsten Persson and 
Guido Tabellini (1994) regress the aver- 
age growth rate of GDP over the same 
period on the income share accruing to 
the third quintile of the income distri- 
bution for a cross-section of developed 
and developing countries. This variable 
represents the income share of the mid- 
dle class and is thus considered to be a 
measure of equality in the underlying 
distribution. Its impact on growth is 
positive, significant, and robust to the 
introduction of other explanatory vari- 
ables. Persson and Tabellini also find a 
positive effect of their measure of 
equality on growth using time series 
data for nine developed economies over 
the period 1830-1985. Similar results 
are obtained by Roberto Perotti (1996) 
for a larger cross-section of countries. 
Table 1, column 1, reports a reduced- 
form equation in which the average rate 
of growth is regressed on the most stan- 
dard regressors in the growth literature 

loperotti (1996) is an exam le of the first ap- 
proach, while Alesina and Rolrik (1994) use the 
second one. 

TABLE 1 
THE IMPACT OF INCOMEI~EQUALITYo h  GROTVTH 

(1) (2) (3) 
Dependent 

Variable GR GR MTax 

Constant -0.18 
(-1.37) 

GDP -0.002 
(-1.77) 

MSec 0.031 
(4.05) 

FSec -0.025 
(3 .06)  

PPPI -0.002 
(-0.30) 

MID 0.118 
(2.84) 

MTax 

N.Obs. 67 49 49 
R2 0.30 0.22 0.30 
Estimation OLS 2SLS 2SLS 

Source: Perotti (19961, Table 4, p. 160, and Table 8, p. 
170. 
Note: t-statistics in parentheses. The variables are GR: 
average rate of growth of per capita GDP 1960-85; 
GDP: per capita GDP 1960; MSec: average years of 
secondary schooling in the male population; FSec: 
average years of secondary schooling in the female 
population; PPPI: purchasing power parity value of the 
investment deflator relative to the US in 1960: MID: 
combined income share of the third and 'fourth 
quintile; MTax: average marginal tax rate over the 
period 1970-85. 

(per capita GDP; average years of sec- 
ondary schooling in the male and the fe- 
male populations; and the value of the 
investment deflator as a proxy for mar- 
ket distortions) and on a measure of the 
size of the middle class, MID, defined 
as the income share of the third and 
fourth quintiles 

l1This cross-country evidence has been recently 
criticized by Kristin Forbes (1998). Using panel 
data for a cross-section of countries, Forbes finds 
a positive relationship between inequality and 
growth. Her anal sis, however, presents three 
problems First, the Arellano-Bond Generalized 
Method of Moments used results in excessively 
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In addition to the evidence that a 
more equal income distribution is bene- 
ficial to growth, the empirical literature 
also provides insights as to the channels 
through which inequality affects eco-
nomic growth. Perotti (1992) empha- 
sizes the role of credit constraints. Us- 
ing the loan-to-value ratio for domestic 
mortgages as a proxy for credit avail- 
ability, he finds that greater credit 
availability has a positive and significant 
effect on the growth rate. Moreover, as 
the income share of the lowest two 
quintiles decreases-that is, as inequal- 
ity rises-the impact of credit availabil- 
ity on growth increases. Similarly, the 
negative effect of inequality on physical 
capital investment is enhanced by credit 
frictions. Other empirical studies have 
put forward the role of macroeconomic 
volatility as the transmission mechanism 
between inequality and growth. Income 
inequality is found to be positively cor- 
related with volatility, measured by the 
standard deviation of the annual rate of 
growth of GDP.12 Cross-country regres- 
sions also find that greater volatility of 
the growth rate consistently reduces the 
average rate of growth during that pe- 
riod. This is partly due to its deterring 
effect on physical and human capital 
investment.13 

small standard errors when the sample is small, 
casting doubt over the significance of her coeffi- 
cients (see Richard Blundell and Stephen Bond 
1998). Second, the assumed lag structure-in-
equality today affects growth in five years' time- 
is ad hoc. Thirdly, in order to obtain a positive and 
significant coefficient, Forbes needs to restrict the 
data on inequality to the so-called "high-quality" 
subset compiled by Deinin e r  and Squire (1996). 
Atkinson and Andrea Branfolini (1999) show that 
the criteria used to construct this subset are ina 
propriate and that there is no reason to exclu!; 
other countries from the analysis. 

1 2  See Ricando Haussmann and Michael Gavin 
(1996) and Richard Breen and Garcia-Pefialosa 
(1998). 

13 See Garey Rainey and Valerie Ramey (1995), 
Hausmann and Gavin (1996), and Inter-American 
Development Bank (1995). 

An obvious question then arises: can 
the negative impact of inequality on 
growth be reduced by redistribution? 
William Easterly and Sergio Rebelo 
(1993) examine the impact of fiscal pol- 
icy on growth for a large cross-section 
of developed and developing countries. 
Using measures of redistribution such 
as the marginal and average tax rates 
and different types of social spending, 
they find that redistribution has, if any- 
thing, a positive effect on growth rates. 
These results are striking in that they 
contradict the traditional view, dis-
cussed below, that redistribution is 
harmful for growth. More recent work 
by Perotti (1996) displays similar re-
sults. He estimates a two-stage least 
squares growth regression in which fis- 
cal policy variables are endogenously 
determined by inequality. Redistribu-
tion, measured by the marginal tax rate, 
appears to have a positive and signifi- 
cant impact upon economic growth, as 
we can see in column 2 of Table 1.Cas-
ual evidence from developing countries 
also points to the fact that redistribu- 
tion in the form of land or education 
reform has played an important role in 
fostering economic growth.14 

Cross-country growth regressions 
have been the subject of criticism due 
to their ad hoc specification and the fra- 
gility of many of the results.l5 However, 
recent empirical evidence provides, at 
worst, enough reasons to cast doubt 
over the validity of traditional theories 
of the influence of inequality and redis- 
tribution upon growth. These theories 
maintained that inequality should, if at 
all, have a stimulating effect on capital 
accumulation and growth. 

1"his has been especially so in the case of the 
East Asian economies. See \Vorld Bank (1993). 

1" Jonathan Temple (1999) discusses in detail 
the problems of cross-countrv regressions and pro- 
vides an assessment of why they are nevertheless a 
powerful tool. 
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The view that wealth inequality 
should be growth-enhancing is based on 
three arguments. First comes Kaldor's 
hypothesis that the marginal propensity 
to  save of the rich is higher than that of 
the poor. If the growth rate of GDP is 
directly related to the proportion of na- 
tional income that is saved, more un-
equal economies are bound to grow 
faster than economies characterized by a 
more equitable distribution of income. 
Joseph Stiglitz (1969) formalized this 
argument in a Solow growth model, 
showing that with a linear saving func- 
tion, aggregate behavior is independent of 
the distribution. Franqois Bourguignon 
(1981) went one step further and 
showed that with a convex savings func- 
tion, aggregate output does depend on the 
initial distribution and is higher along the 
more unequal steady-state. When com- 
bined with an AK production function, 
this leads to the prediction that more 
unequal economies will grow faster. 

A second reason why inequality may 
enhance growth has to do with invest-
ment  indivisibilities: investment proj-
ects, in particular the setting up of new 
industries or the implementation of in- 
novations, often involve large sunk 
costs. In the absence of a broad and 
well-functioning market for shares, 
wealth obviously needs to be sufficiently 
concentrated in order for an individual 
(or a family) to be able to cover such 
large sunk costs and thereby initiate a 
new industrial activity.16 

Lastly, the idea that there is necessar- 
ily a trade-off between productive effi- 
ciency and equality is based on incen-
tive considerations, first formalized by 
James Mirrlees (1971). Namely, in a 
moral hazard context where output de- 
pends on the unobservable effort borne 
by agents or "employees," rewarding 

lGThis issue has been recently emphasized by 
policy advisers to transition economies in Central 
and Eastern Europe and the former Soviet Union. 

the employees with a constant wage in- 
dependent from (the observable) output 
performance will obviously discourage 
them from investing any effort. On the 
other hand, making the reward too sen- 
sitive to output performance may also 
be inefficient from an insurance point 
of view when output realizations are 
highly uncertain and the employees are 
risk averse.17 

The basic incentive argument carries 
over to the aggregate economy when 
agents are identical and/or capital mar- 
kets are perfect, as shown by Rebelo 
(1991). In a Ramsey-Cass-Koopmans 
growth model with perfect capital mar- 
kets, the rate of growth of individual 
consumption is given by 

r - P g = 7 

where p is the intertemporal discount rate, 
r the after-tax interest rate and o the in- 
tertemporal elasticity of substitution. If 
all agents have the same preference pa- 
rameters, this expression is also the ag- 
gregate rate of growth. By making the 
after-tax rate of interest smaller, greater 
taxation reduces the return to saving, 
thus lowering the incentives to accumu- 
late capital and hence the rate of growth. 

The traditional view in economic the- 
ory, then, is that there is a fundamental 
trade-off between productive efficiency 
(and/or growth) and social justice. Redis- 
tribution has both a direct and an indi- 
rect effect on growth. On the one hand, it 
reduces differences in income and wealth, 
and hence lowers the rate of growth. 
On the other, it has a negative effect as 
income redistribution that is financed 
through an income tax diminishes the 
incentives to accumulate wealth.18 

17Canice Prendergast (1999) surveys the litera- 
ture on the provision of incentives, and discusses 
the trade-off between risk and incentives. 

18 An exam le of this early literature is the book 
by Arthur O i u n  (1975), Equity and Eflcieocy: 
The Big Tradeoff. 
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Overall, the view that inequality is 
necessary for accumulation and that re- 
distribution harms growth is at odds 
with the empirical evidence summa-
rized above. A possible explanation, put 
forward by Alesina and Rodrik (1994) 
and Persson and Tabellini (1994), com- 
bines political economy arguments with 
the traditional negative incentive effect 
of redistribution. These authors main- 
tain that inequality affects taxation 
through the political process when indi- 
viduals are allowed to vote in order to 
choose the tax rate (or, equivalently, 
vote to elect a government whose pro- 
gram includes a certain redistributive 
policy). If inequality determines the ex- 
tent of redistribution, it will then have 
an indirect effect on the rate of growth 
of the economy. In general, we would 
expect that in very unequal societies, 
more voters prefer high redistribution 
than in more equal societies. If redistri- 
bution reduces the incentives to invest, 
and hence the growth rate, then more 
equal societies would grow faster. 

Although it accounts for the negative 
correlation between inequality and 
growth found by reduced-form equa-
tions, the political economy approach is 
not fully supported by the data. It im- 
plies that greater inequality increases 
the extent of redistribution, which in 
turn has a direct negative effect on eco- 
nomic growth. As pointed out earlier, 
redistribution is found to have a posi- 
tive rather than negative influence on 
growth. Moreover, when measures of 
redistribution such as tax rates or the 
extent of social spending are regressed 
on measures of inequality, the coeffi- 
cients are either insignificant or have a 
sign opposite to what the theory pre- 
dicts, as seen in column 3 of Table 1 .19  

The evidence regarding the impact of 
inequality and redistribution upon eco- 

'9 See Perotti (1996) and Peter Lindert (1996). 

nomic growth has still to be accounted 
for by economic theory. In the remain- 
der of this section, we analyze the ef- 
fects of inequality on growth in econo- 
mies in which wealth or human capital 
endowments are heterogenous across 
individuals and capital markets are im-
perfect. We argue that there are at least 
three reasons why inequality may have a 
direct negative effect on growth: 

(a) inequality reduces investment op- 
portunities; 

(b)  inequality worsens 	borrowers' in-
centives; 

(c) inequality 	 generates macro-eco-
nomic volatility. 

Redistribution to the less endowed, by 
reducing inequality, can therefore be 
growth-enhancing in such an economic 
environment. 

2.2 	The Opportunity-Enhancing Effect 
of Redistribution 

One cornerstone of neoclassical eco-
nomics is the assumption that there are 
diminishing returns to capital. It  is pre- 
cisely this assumption that drives the fa- 
miliar convergence results, both at the 
cross-country level (as in the Solow 
growth model) and for individuals (as 
shown by Stiglitz 1969, and, more re-
cently, by Robert Tamura 1991). The 
convergence results rely crucially on 
the existence of perfect capital markets. 
As Stiglitz (1969) first pointed out, when 
there are decreasing returns to capital and 
capital markets are imperfect, individual 
wealth will not converge to a common 
level and the aggregate level of output 
may be affected by its distribution. 

This subsection reconsiders Stiglitz's 
arguments in the context of the recent 
literature on endogenous growth. The 
crucial difference between Stiglitz's ap- 
proach and ours is the concept of the 
aggregate production function. Stiglitz 
follo\vs the standard growth model in 
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assuming that aggregate output is pro- 
duced by the aggregate stock of capital. 
That is, yt = f (k t ) ,  where kt denotes ag- 
gregate capital, defined as the sum of 
the capital held by individuals, kt = C,k,,t. 

Once we bring in capital-market imper- 
fections, it is hard to maintain this ap- 
proach. When a bank refuses to lend 
funds, it does so to a specific agent with 
a particular investment project. It  
hence becomes more appropriate to 
think of individuals as producers them- 
selves, rather than simply rentiers. Ag- 
gregate output is then the sum of the 
output generated by each production 
unit, yr = C,y,,t, where agent i's output is 
in turn a function of her own capital 
stock, yt , t= f(kl , t ) .  In general, C, f(k,,t) 
and f(C,k,,t) are not equal. When indi- 
viduals are limited in their borrowing 
capacity, the distribution of wealth af- 
fects their production possibilities. This 
in turn has an impact on the aggregate 
level of output and, in an endogenous 
growth model, also on its rate of growth. 

In ~vha t  follows, we will present a 
simple model in which we assume away 
all possibilities of borrowing and lend- 
ing. Using such an extreme form of 
capital-market imperfections, we are 
able to show that when the individual 
production function is concave, greater 
inequality in the distribution of wealth 
results in a lower rate of growth. Redis- 
tributing wealth from the rich (whose 
marginal productivity of investment is 
relatively low, due to decreasing returns 
to individual capital investments) to the 
poor (whose marginal productivity of in- 
vestment is relatively high, but who 
cannot invest more than their limited 
endowments), would enhance aggregate 
productivity and therefore growth. In 
other words, redistribution creates in- 
vestment opportunities in the absence 
of well-functioning capital markets, 
which in turn increases aggregate 
productivity and growth. 

This idea was first put forward in an 
influential paper by Oded Galor and 
Joseph Zeira (1993)." The particular 
formulation we use in this subsection is 
borrowed from Benabou (1996), who 
considers a simple endogenous growth 
model in which growth is driven by ex- 
ternalities in the accumulation of physi- 
cal (or human) capital.21 In this model, 
individual production generates spill-
overs that increase the level of technol- 
ogy available to all production units. 
The presence of knowledge spillovers 
across individuals implies that individ- 
ual production functions differ from the 
aggregate production function. 

More formally, suppose that when in- 
dividual i invests an amount of physical 
or human capital ki,t at date t ,  production 
takes place according to the technology 

yl,t= Atkyt, 
where 0 < a < 1.At is the level of human 
capital or technical knowledge available 
in period t,  and it is common to all indi- 
viduals. The level of technology is en-
dogenous, as the economy exhibits both 
learning-by-doing and knowledge spill- 
overs. Learning-by-doing means that the 
more an agent produces one period, the 
more she learns, and hence the greater 
the level of knowledge available in the 
next period. The presence of spillovers 
implies that the learning done by one 
individual affects the level of technology 
of all other agents in the economy. These 

"This aper examines the impact of the distri- 
bution o?vealth on aggregate output through 
investments in human ca ital Galor and Zeira 
assume that there are b o t l  credit market imper- 
fections and indivisibilities in human capital in- 
vestments. Parental wealth determines whether or 
not an individual invests in education, which in 
turn determines the bequest to her offspring, and 
hence the next generation's investlnent opportuni- 
ties. The initial distribution of wealth then affects 
both ag regate out ut and the long-run distri-
bution o !wealth andPskills. 

"Tllis type of model is discussed by Robert 
Barro and Xavier Sala-i-Martin (1995), ch. 4, and 
Aghion and Peter Howitt (1998),ch. 1. 
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two assumptions are captured by the 
following equation, 

At = l y l , t- ldi= yf - 1. 

That is, the accumulation of knowl- 
edge results from past aggregate 
production activities. 

As a result of learning-by-doing, 
growth depends on individual invest-
ments. The rate of growth between 
period t - 1 and period t is given by 
g f  = ln(yt/yt- I),that is, 

It  can then be expressed simply as 

gt = lnEf[k?l, 

where Et[k$] is the mathematical expec- 
tation over the output generated by 
individual investment levels at date t .  
The rate of growth therefore depends 
on the distribution of individual capital 
investments. 

To see how investments are deter-
mined, consider an economy with only 
one good that serves both as capital and 
consumption good. There is a contin-
uum of overlapping-generation families, 
indexed by i E [0,1]. Each individual 
lives for two periods. The utility of an 
individual i born at date t is given by 
U8 = log c , , ~  + 1, where+ p . log c , , ~  c , , ~and 
c , , ~ + Idenote current and future con-
sumption respectively. Individuals dif-
fer in their initial endo\vments. In order 
to abstract from intergenerational trans- 
fers and bequest decisions, suppose that 
initial endowments are randomly deter- 
mined at birth. Let the endowment of 
individual i upon birth at date t be 
given by 

w1,t= a . E,,t, 

where a is a constant and cz,tis an identi- 
cally and independently distributed random 
variable, with mean Ti-.

1 

Individual i can either consume her 
endowment, or invest it into the pro- 

duction of the future consumption 
good. Production of the future con-
sumption good (i.e.,  of the good avail- 
able at date t + 1) is assumed to take 
place according to the technology 
y ,  t = dtkyt, with the level of technology 
given by At = yt-1. 

In the absence of capital market imper- 
fections, all individuals choose to invest 
the same amount of capital k,t = k;, no 
matter what the initial distribution of 
human capital or "\vealth" across indi-
viduals (see Benabou 1996). The reason 
is that the opportunity cost of investing 
is the rate of interest, both for lenders 
and borrowers. Hence all individuals 
wish to invest up to the point where the 
marginal product of capital is equal to 
the rate of interest. Those whose wealth 
is above this level lend, those whose 
wealth is below it borrow. As a result, 
aggregate output and growth are not 
affected by the distribution of wealth. 

Conversely, when capital markets are 
highly imperfect and therefore credit is 
scarce and costly, equilibrium invest-
ments under laissez-faire will remain 
unequal across individuals with hetero- 
genous endowments. Consider the ex-
treme situation in which borrowing is 
simply not possible and agents are con- 
strained by their wealth, k,t < w,,f. In 
this case, individual investments are 
simply a constant fraction of their wealth 
k, = s . w ,  t .  Thus, in contrast to the per- 
fect capital-market case, when credit is 
unavailable equilibrium investments will 
differ across individuals, being an in-
creasing function of their initial endow- 
ments in human capital. Individual out- 
puts will then be given by y ,  = (s . u;,t ) ~ ,  
and the rate of growth is determined by 
the distribution of endowments, 

1 


gt = a in s + ln j  (w ,  di. 
0 

We can now ask whether more inequal- 
ity is good or bad for growth. Because 
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of decreasing returns with respect to in- 
dividual capital investments ki (in other 
words, the fact that a < 1 and therefore 
the production function f(ki)  is concave) 
greater inequality between individual 
investments for a given aggregate capi- 
tal stock will reduce aggregate output.22 
Therefore, the more unequal the distri- 
bution of individual endowments, and 
hence investments, the smaller current 
aggregate output and therefore the 
lower the growth rate in the above model. 

There is now a role for suitably de- 
signed redistribution policies in enhanc- 
ing aggregate productive efficiency and 
growth. Consider an ex-ante redistribu- 
tion of endowments, which consists of 
taxing highly endowed individuals di-
rectly on their endowments, and then 
using the revenues from this tax to sub- 
sidize the less endowed. Thus, the post- 
tax endowment of individual i can be 
simply defined by 

where wt is the average endowment. 
Those with above-average wealth pay a 
tax of P(w,,t -tot), while those with be- 
low-average wealth receive a net subsidy, 
P(wt - ~ i , t ) .Because it is a lump-sum tax, 
it does not change the returns to ki,t, and 
hence it only affects the incentives to in- 
vest insofar as it changes the current 
wealth of the individual. 

As the tax rate p increases and the 
distribution of disposable endowments 
becomes more equal across individuals, 

2"llis follows from a standard result in ex-
pected utility theory. Let X and Y be two random 
variables such that Y is obtained from X through a 
sequence of mean-preserving spreads. If the util- 
ity function u is concave, expected utilities are 
such that E u ( Y )I E u ( X ) .  

Then, since the expectation over wi,,a is given 
by 

e2 


E,(w") = 1wa , f t ( tu)dw, 
0 

where f,(w) is the density function over individual 
endowments at date t ,  the rowth rate is reduced 
by a mean-preserving spreas,  

investments by the poorly endowed will 
increase while investments by the rich 
will decrease. However, as we already 
argued, because the production tech-
nology exhibits decreasing returns with 
respect to individual capital invest-
ments, we should expect redistribution 
to have an overall positive effect on ag- 
gregate output and growth. The rate of 
growth becomes 

Now consider the term under the inte- 
gral sign. As P increases, the heterogene- 
ity among individual investment levels 
(which are proportional to [w,,++ P(1- wt, , ) ] )  
decreases, and therefore so does the ag- 
gregate efficiency loss due to the un-
equal distribution of w,. In the limiting 
case where p = 1, the term under the in- 
tegral sign is constant across individuals 
i ,  and the highest possible growth rate is 
achieved. 

The implication of the foregoing 
analysis is that, when credit is unavail- 
able, redistribution to the poorly en-
dowed, that is, to those individuals who 
exhibit the highest marginal returns to 
investment, will be growth-enhancing. 
Note that this "opportunity creation ef- 
fect" of redistribution does not rely on 
incentive considerations: even if one 
could force the poor to invest all their 
initial endowments rather than maxi-
mize intertemporal utility as in the 
above analysis, redistributing wealth 
from the richest to the poorest individu- 
als would still have an overall positive 
effect on aggregate productivity and 
growth, because of decreasing returns 
to individual investments. 

2.3 	The Positive Incentive Effect of 
Redistribution: Questioning the 
Traditional Argument 

Our modeling of capital-market im- 
perfections in the previous subsection 
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was somewhat extreme, as we simply as-
sumed away all possibilities of borrow-
ing and lending. Using such a reduced 
form representation of credit market im-
perfections, we were able to sho\v that 
redistribution creates investment op-
portunities. This result holds whatever 
the source of credit market imperfec-
tions. Capital market imperfections can be 
due to traditional incentive problems-
such as ex-ante moral hazard-but also 
to repayment enforcement problems-
stemming from contract incompleteness 
or ex-post moral hazard. In this subsec-
tion we consider in detail the implica-
tions of the former. We will illustrate 
that in the presence of ex-ante moral 
hazard, greater inequality reduces ag-
gregate incentives to accumulate 
wealth. This will enable us to challenge 
the view that the incentive effect of re-
distribution should always be negative. 

In two related papers, Abhijit Baner-
jee and Andrew Newman (1993) and 
Aghion and Patrick Bolton (1997) intro-
duce moral-hazard considerations as the 
explicit source of credit-market imper-
fections, and then examine the impact 
of redistribution on the output level 
and growth rate. In both papers, the 
source of moral hazard is the presence 
of limited liability; that is, the fact that 
a borrower's repayment to his lenders 
cannot be greater than his wealth. To 
understand the consequences of limited 
liability, think of an agent with no 
wealth who borrows in order to invest 
in a risky project. Suppose that the 
probability of success of the project de-
pends on the (costly) effort exerted by 
the individual. If the project succeeds, 
the individual keeps the output minus the 
amount borrowed, while if it fails the 
individual incurs no loss as she has dis-
bursed no funds. Consequently, the op-
timal amount of effort that she chooses 
to exert will be less than the amount 
her lenders would like her to. 

What is important in order to find 
moral hazard is that effort is increasing 
in the wealth of the individual. As we 
will see, this occurs because the more an 
individual needs to borrow in order to get 
production started, the less incentives she 
has to supply effort, in that she must share 
a larger fraction of the marginal returns 
from her effort with lenders. An imme-
diate consequence of this result is that 
redistributing wealth towards borrowers 
will have a positive effect on their effort 
incentives. Whenever this positive in-
centive effect more than compensates 
the potentially negative incentive effect 
on lenders' efforts, then such a redistri-
bution will indeed be growth-enhancing 
based on incentive considerations only. 

To illustrate the argument, we will 
now use a simple model of inequality 
and growth with credit market imper-
fections, based on Aghion and Bolton 
(1997). Specifically, we assume again 
the existence of a coi~tinuuinof nonal-
truistic, overlapping-generation fami-
lies, indexed by i E [0,1] . The utility of 
individual i in generation t is 

U; = cl,t- h(e,,t),  

where c,,t denotes individual i's second-
period consumption (for siinplicity we 
assume that individuals consume only 
when old), e,,r is the nonmonetary effort 
incurred by individual i when young and 
h(e,,t)= Ate$/i denotes the nonmonetary 
cost of effort. The parameter At still 
measures productivity on the current 
technology. The endowment of individ-
ual i is taken to be an idiosyncratic pro-
portion of average knowledge at date t ,  
that is, u;i,t= Ei,t . At. 

The production technology involves 
an extreme form of U-shaped average cost 
curve with respect to capital investments, 
namely: 

the production activity requires a 
fixed and indivisible capital outlay 
equal to k,,,= cp . A,; 



1626 Journal of Econonzic Literature, Vol. XXXVII (December 1999) 

conditional upon the required in-
vestment (P . A, being made at date 
t, the output from investment in 
this technology is uncertain and 
given by 

. A+with probability ei,j 
Y2.f = 

O with probability 1- e,,t. 

We assume that second-period out-
comes yi.t are independently identically 
distributed across individuals of the 
same generation. 

The source of capital market imper-
fection will be moral hazard with lim-
ited wealth constraints (or limited li-
ability); in other words, the assumptions 
are that: 

(a) individual efforts ei are not observ-
able; 

(b)a borrower's repayment to her 
lenders cannot exceed her second 
period output yiit. 

We can now analyze how effort 
choices are affected by the wealth of the 
individual. Consider first the effort deci-
sion of an individual who does not need 
to borrow, that is, for whom toi 2 (PA.The 
problem she faces is23 

max {e - OA - A:], 
e 

which gives the first-best level of effort, 
e*  = o. 

An agent with initial endowment 
to, < cpA needs to borrow an amount 
b, = cpA -wi in order to invest. Let r be 
the unit repayment rate. The individual 
chooses her effort to maximize the ex-
pected second-period revenue net of 
both repayment to the lenders and 
effort cost, namely 

e(oA - r(cp . A - ~i . A)) -

The resulting level of effort is 

23 For simplicity, we suppress time subscripts. 

which is less than the first-best effort e* ,  
and is decreasing in r and increasing in 
wl .  That is, for a given interest rate, the 
lower a borrower's initial wealth, the less 
effort she will devote to increasing the 
probability of success of her project. 

Before turning to the analysis of re-
distribution, let us make two important 
remarks. First, individuals with initial 
wealth tot > cpA (in other words, the 
lenders), will systematically supply the 
first-best level of effort because they 
remain residual claimants on all returns 
from such effort: e,(w,2 cpA) = e*. Sec-
ond, when analyzing the relationship 
between initial wealth and effort, we 
have treated the repayment schedule r 
as given. However, because the risk of 
default on a loan increases with the size 
of the loan (the probability of success 
e(r ,w) decreases when w decreases), the 
unit repayment rate r may vary with w 
to reflect the change in default risk. 
Aghion and Bolton (1997) show that 
even once this effect is taken into 
account, effort is still increasing in wz. 

The growth rate of the economy is 
given by gt = In (ytlyt-I). Assuming, as in 
the previous subsection, that there is 
learning-by-doing, i .e .  At =yt-1, we can 
express it as 

1 

= In o + ln ei di, 
0 

where ei 50. 
If either (a) or (b )  were violated, then 

the first-best effort, e* = o, would auto-
matically be elicited from all individuals 
no matter what their human-capital en-
dowments are. The growth rate would 
then be unaffected by the distribution 
of endowments and always be equal to 
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g = In04 This corresponds to nothing 
but the case of perfect capital mar-
kets-that is, capital markets that do 
not suffer from incentive problems 
When there are incentive problems, the 
more unequal the distribution of wealth 
is-that is, the larger the number of in- 
dividuals with wealth below the thresh- 
old level cpA-the lower the aggregate 
level of effort will be. Consequently, in- 
equality has a negative effect on both 
the income level and the growth rate. 

We now have all the elements we 
need to analyze the incentive effects of 
redistribution. Because individuals with 
initial wealth to,2 cpA supply the first- 
best effort e* = o, raising a lump-sum 
tax t ,< to,- (PA on the endowment of each 
such individual and then distributing 
the total proceeds among borrowers will: 

i. not affect the effort e* supplied by 
the wealthy, whose after-tax en-
dowments remain strictly above the 
required fixed cost cpA; 

ii, increase the effort supplied by any 
subsidized borrower. 

Such tax-subsidy scheme will then have 
an unambiguously positive incentive ef-
fect on output and growth, as efforts 
either increase or remain constant as a 
result of redistribution. 

We have just put the traditional in- 
centive-distribution trade-off upside-
down, since we have shown that in the 
context of an imperfect credit market 
with moral hazard, redistribution en-
hances growth. An interesting question 
then arises quite naturally: is redistribu- 
tion self-sustaining, in the sense that a 
one-time redistribution of wealth would 
have permanent effects on aggregate 
output and growth? Or, at the opposite, 
should redistribution policies be main- 
tained on a more permanent basis? The 
above model would call for permanent 
redistribution policies, but to a large ex- 
tent this conclusion follo\vs from the as- 

sumption that individual shocks on in-
itial wealth are i . i .d,  over time and 
across individuals. 

The conclusion that redistribution 
policies must be sustained over time in 
order to have long-lasting effects on ag- 
gregate output was obtained by Aghion 
and Bolton (1997) in a model of in-
equality and growth in which individu- 
als' wealth endowments are inherited 
from their own parents. The wealth dis- 
tribution is therefore endogenous and 
varies over time, but under the above 
technological assumptions it can be 
shown to converge towards a unique in-
variant distribution.2Wompared to the 
first-best distribution that would 
emerge in the absence of credit-market 
imperfections (i.e. in the absence of 
moral hazard), this (second-best) invari- 
ant distribution involves a higher frac- 
tion of the population lying below any 
level of wealth at any point in time. 
This, in turn, implies both that aggre- 
gate effort-and therefore aggregate 
output-is strictly lower than in the ab- 
sence of moral hazard in credit; and 
that social mobility is also strictly re-
duced by the existence of credit market 
imperfections, in the sense that it takes 
longer for any individual borrower to 
eventually become a net lender. 

2 W o r e  specifically, the high degree of decreas- 
ing returns experienced by a rich individual on his 
own project leads to an ever-increasing supply of 
investable funds as the econoiny grows. This, in 
turn, pushes the gross interest rate downwards to- 
wards 1whatever its initial level, and consequently 
the wealth distribution converges to a unique in- 
variant distribution which is independent from ini- 
tial conditions. On the other hand, Banerjee and 
Newman (1993) and Piketty (1997) obtain a multi- 
plicity of invariant distributions, so that a one-time 
redistribution can have permanent effects on ag- 
gegate ,  ou tpu t  For example, in Piketty (1997) 

igh-~nitlal interest rates can be self-reinforcing 
through higher credit rationing to the poor and 
lower accuinulation of funds by the rich. Interest 
rates can thus remain high in the long run. The 
resulting inultiplicity of equilibrium interest rates 
also generates a multiplicity of invariant wealth 
distributions. 
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A suitable redistribution policy can 
then be designed which, by improving 
borrowers effort incentives, will in-
crease both social nlobility and aggre- 
gate output. However, because the in- 
variant distribution of wealth under 
laissez-faire was unique-and therefore 
history-independent-a one-time redis- 
tribution cannot have permanent effects 
on aggregate output and social mobility. 
Lastly, it is worth pointing out that in 
this whole literature on inequality and 
economic development, both the tech- 
nology and the institutional framework 
(in particular, the degree of capital mar- 
ket imperfections) are given once and 
for all and remain independent of the 
level of development of the economy. 
Our sense is that redistribution policies 
should be sustained over time, although 
in a way that accounts for the evolution 
of capital markets and credit institu-
tions.25 

2.4 Macroecono~nic Volatility 

Empirical evidence suggests that 
macroeconomic volatility may be an-
other channel through which inequality 
might affect economic growth. Several 
explanations have been put forward to 
account for the correlation between 
(high) inequality and macroeconomic 
volatility. Alesina and Perotti (1996) 
maintain that causality runs from high 
inequality to political instability, which 
in turn results in macroeconomic vola- 
tility. The approach we take in this sub- 
section, based on Aghion, Banerjee, and 
Thomas Piketty (1997), postulates a di- 
rect effect of inequality on macro-
economic fluctuations. Inequality, how- 
ever, takes the form of unequal access 
to investment opportunities across indi- 
viduals, which, together with a high de- 
gree of capital market imperfection, can 
generate persistent credit cycles. 

'jSee Barro (1999). 

Specifically, we consider a dynamic 
economy in which only a fraction of the 
active population has access to high-
yield investment opportunities. There 
are a number of reasons why access to 
investment opportunities may be re-
stricted. Particular skills, ideas, or con- 
nections may be required, and often 
there may be crucial information that 
can only be acquired by those already in 
the business. Investment indivisibilities 
are another potential cause. Individuals 
may also differ in their attitudes to-
wards risk, hence only those with little 
risk-aversion will be willing to under-
take risky projects rather than work un- 
der a riskless employment contract. I t  is 
this inequality of access to investments 
and the consequent separation of inves- 
tors and savers that will give rise to 
volatility. 

Consider an economy where there 
are two production technologies: a tra- 
ditional technology and a high-yield 
technology. Two crucial assumptions are 
needed for inequality to affect volatility: 

1.Inequality of access to investment: 
Only a fraction of savers can di-
rectly invest in high-yield projects, 
whereas all individuals can invest in 
the low-yield technology. 

2. Credit market imperfections: Be-
cause of incentive compatibility 
considerations, an investor with 
wealth w can borrow only a limited 
amount, vw, where v < M. 

Now assume that all individuals in the 
economy save a constant fraction of their 
wealth, s .  What do the saving and the in- 
vestment functions look like? The total 
supply of funds in period t is a fraction s 
of the aggregate level of wealth in period 
t - 1. Savings at t are therefore indepen- 
dent of any variable in that period. The 
total demand for investment in the high- 
return project at time t is proportional to 
the wealth of those who have access to 
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the high-yield investment, and thus is 
completely determined by the previous 
period's income and by the (exogenously 
given) credit multiplier. There is there- 
fore no market-clearing mechanism that 
will equalize the supply of funds and the 
demand for investment in the more pro- 
ductive technology. Consequently the 
economy will experience either "idle" 
savings (i.e. a fraction of savings are 
not invested in high-yield projects) or 
unrealized investment opportunities. 

The link between inequality and vola- 
tility hence stems from the fact that 
those who invest and those who save 
are not the same individuals. During 
booms, investors' net wealth increases 
and therefore so does their borrowing 
capacity, vw. Investors can thus accu-
mulate debt during booms, thereby in- 
creasing the demand for investable 
funds. The interest rate is given by the 
marginal product of capital. Since all 
funds are invested in the high-yield 
technology, interest rates are high dur- 
ing booms. Eventually, the accelerated 
increase in their debt repayment obliga- 
tions ends up squeezing the borrowing 
capacity of investors who have access to 
the high-yield technology. In the mean- 
time, savings keep on increasing due to 
the rise in wealth during the boom. This 
results in a fraction of savings becoming 
idle, which then have to be invested in 
the traditional technology. At this point 
the economy experiences a slump: the 
marginal product of capital falls and in- 
terest rates drop. This in turn allows the 
investors to progressively reconstitute 
their borrowing capacity, and so eventu- 
ally the economy will reenter a boom. If 
the fraction of the population with 
high-yield investment possibilities is 
small enough and/or the credit multi-
plier low enough, there will be continu- 
ous oscillations of the investment level. 
Such volatility of investment in turn im- 
plies that there are unexploited produc- 

tion possibilities and hence the long-run 
growth rate is lower than it could be.26 

The government has two structural 
policy options to try to move the econ- 
omy out of the above cyclical equilib- 
rium into a situation in which all savings 
are invested in the high-return produc- 
tion technology. One is to reduce the 
borrowing constraints, thus increasing 
the credit multiplier and ensuring that 
there is sufficient demand for funds. 
This is, however, a hard policy to imple- 
ment unless the government is willing 
to lend to individuals itself. Moreover, 
if the credit constraint is the result of a 
moral hazard problem, such as that ex- 
amined in subsection 2.3, it would not 
be possible to increase the credit multi- 
plier without generating adverse incen- 
tive effects. A second structural policy 
consists in reducing the degree of in- 
equality of access to investment. By in- 
creasing the fraction of savers that can 
directly invest in high-yield projects, 
the economy can move to a permanent- 
boom situation and thus increase its 
growth rate. Structural reforms such as 
investing in infrastructure or in human 
capital, or reducing the bureaucratic 
obstacles faced by entrepreneurs that 
wish to set up a firm, would reduce 
entry barriers and promote growth. 

Structural policies may be hard to im- 
plement though, especially in the short- 
run. An alternative would be to transfer 
the idle funds from savers to investors. 

"Recent work by Aghion, Philippe Bacchetta, 
and Banerjee (1998) considers a small open econ- 
omy extension of the same framework and devel- 
ops a model of financial crises. The real interest 
rate is fixed at the international market-clearing 
level and the translnission variable becomes the 
price of non-tradeable goods in terms of the trade- 
able good. When investors are constrained in their 
borrowing, the accumulation of debt results in an 
increase in the relative price of non-tradeables 
relative to tradeables. At some point, the credit 
market constraint becomes binding and brings 
about the collapse in the price of nontradeables, 
that is, a financial crisis. 
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This policy ensures that all savings are 
invested in the high-yield technology. 
The problem is that it transfers re-
sources from those that are worse off to 
those that are better off. Yet Aghion, 
Banerjee, and Piketty (1997) show that 
this policy does not entail negative dis- 
tributive consequences for savers. The 
higher level of income trickles down to 
savers for two reasons: first, the interest 
rate is higher, so (poor) lenders are bet- 
ter off; second, as more capital is in- 
vested in the high-yield technology, the 
productivity of labor, and thus the wage 
rate, are also higher. 

2.5 Discussion 

The main conclusion we can draw 
from this section is that when agents 
are heterogeneous and capital markets 
imperfect, greater inequality may have 
a negative impact on growth. Moreover, 
the traditional argument that redistri-
bution is detrimental to incentives and 
growth is strongly challenged. The 
mechanisms we have discussed in the 
above subsections crucially rely on the 
presence of credit market imperfec-
tions, and hence on the limited degree 
of financial development in an econ-
omy. Financial constraints have been 
found to play a crucial role in the en- 
trepreneurial process. The results ob-
tained by David Evans and Boyan 
Jovanovic (1989) point at the impor-
tance of liquidity constraints in the 
building up of enterprises in the US. 
According to the data, capital is essen- 
tial for starting a business and liquidity 
constraints tend to exclude those with 
insufficient funds at their disposal. The 
problem is likely to be accentuated in 
other countries. Indeed, if we take the 
UK and the US as the benchmark for 
measuring financial development, we 
find that most industrial economies 
(and, of course, all the so-called emerg- 
ing market economies) suffer from in- 

sufficiently developed capital markets.27 
This means that we can expect such 
mechanisms to be at work not only in 
less-developed countries, but also in 
many developed economies. 

Our theoretical framework suggests 
that when capital markets are highly im- 
perfect and the production technology 
exhibits diminishing returns to capital, 
inequality in the distribution of wealth 
is bad for growth. Redistribution from 
the rich to those who are poorly en-
dowed with physical or human capital 
creates investment opportunities, thus 
fostering growth. A possible interpreta- 
tion of the opportunity-enhancing 
model is in terms of education invest- 
ments. Investments in human capital 
are characterized by strong diminishing 
returns. Moreover, borrowing in order 
to make such an intangible investment 
is usually expensive, particularly in de- 
veloping countries,28 and hence family 
wealth becomes a major determinant of 
the size of the investment. If we view 
kj,t as an investment in education and g 
as the rate of growth of human capital 
(which in turn determines the rate of 
output growth, as argued by Robert Lu- 
cas 1988), then our analysis predicts a 
negative relationship between wealth 
inequality and the rate of growth. These 
are the conclusions obtained by several 
papers that analyze how inequality affects 
growth through agents' investments in 
education.29 

"Rafael La Porta, Florellcio Lopez-de-Silanes, 
Andrei Shleifer and Robert W. Vishny (1997) pro- 
vide measures of the size of capital markets. The 
debt to GNP ratio is of similar magnitude in 
France and Germany as in the UK and the US 
(around I ) ,  but it is only 0.55 in Italy. However, 
the equity to GNP ratio is 1in the UK, 0.58 in the 
US, and much lower in the other three countries 
(0.23 in France, 0.13 in Germany, and 0.08 in It- 
aly).

2sSee World Development Report (1990) and 
George Psacharopoulos (1986). 

"For example, Galor and Zeira (1993), Perotti 
(1993), and Garcia-Peiialosa (1995). 
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Second, wealth inequality is detri-
mental to growth, as borrowers tend to 
underinvest in effort when effort is un- 
observable and there is limited liability. 
Two remarks deserve to be made at this 
point. First, the mechanism we have de- 
scribed does not rely on the presence of 
fixed costs. Piketty (1997) shows that 
the results we obtained in subsection 
2.3 also hold when the returns in the 
event of success are a continuous func- 
tion of the amount invested. Second, 
the ex-ante moral hazard formulation 
we have presented can be applied not 
only to investments in physical capital, 
but also to human capital investments 
and, more interestingly, to research ac- 
tivities. Consider for a moment an econ- 
omy where the sources of growth are 
technological improvements brought 
about by innovations. Suppose also that 
innovations result froin individual re-
search efforts, and that there are de-
creasing returns to such efforts. Then, 
the analysis in subsection 2.3. implies 
that redistribution from lenders to bor- 
rowers improves the borrowers' incen-
tives to provide the adequate level of 
effort in the handling of investment 
projects. Here again, redistribution 
through a lump-sum tadtransfer system 
may be growth enhancing. This does 
not mean that the traditional negative 
incentive effect has disappeared. If re- 
distribution were financed through dis- 
tortionary (ex-post) taxation, there 
would be two incentive effects which 
conflict with one another: the standard 
effect whereby taxation reduces net re- 
turns and therefore lenders' incentive 
to invest, and moral hazard with limited 
liability which decreases the effort ex-
erted by borrowers. Then, whether re-
distribution raises or reduces the rate of 
growth depends on whether the stan-
dard effect of taxation on those indi- 
viduals with large wealth endowments is 
smaller or greater than the positive im- 

pact on the effort of those with small 
endowments 

In both the opportunity and incentive 
enhancing models, inequality arises 
from the initial wealth distribution. It 
can then be reduced, and growth thereby 
fostered, by means of taxes and subsi- 
dies on individuals' endowments. Redis- 
tribution takes the form of standard fis- 
cal policy. This is no longer the case 
when the main source of inequality does 
not lie in the distribution of wealth, but 
rather in the social and institutional en- 
vironment that affects access to invest- 
ment projects. In this case, inequality 
gives rise to a spurious dynamics in which 
fast growth is associated with high bola- 
tility, thus endangering its own sustain- 
ability. Redistribution must then take 
the form of structural policies aiming at 
restructuring core financial institutions. 
Such policies are obviously far more dif- 
ficult to devise and implement than a 
mere tax-subsidy mix. Enhancing growth 
by means of redistributive policies may 
thus prove highly demanding, depend- 
ing on the extent to which inequality 
originates from the distribution of wealth 
or from institutional characteristics. 

Finally, note that our analysis in this 
first part of the survey questions the 
idea-also associated with the Kuznets 
hypothesis-that for poor countries in- 
equality is more likely to be positively 
correlated with growth. On the con-
trary, as our previous analysis suggests, 
the less developed the credit markets 
and the larger the separation between 
borrowers and investors, the bigger the 
scope for redistributive policies aimed 
at creating opportunities, iinproving 
borrowers' incentives, and reducing 
macroeconomic: volatility. 

Now, if reducing inequality fosters 
growth in particular in econon~ies at an 
early stage of development, an important 
question arises: is there any virtuous 
circle? In other words, does economic 
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development bring about a steady de- 
crease in inequality which in turn would 
reduce the need for sustained redis-
tributive policies at a later stage of de- 
velopment? This question refers to the 
other half of the Kuznets hypothesis, 
namely the half that deals with inequal- 
ity and growth in richer countries. How- 
ever, as we already argued in the intro- 
duction, many OECD countries have 
experienced a sharp increase in income 
and wage inequality over the past 
twenty years. The next section consid- 
ers and discusses three candidate 
explanations for this phenomenon-
namely, trade liberalization, skill-biased 
technical change, and organizational 
change-all of which are closely related 
to the growth process. 

3. Does Grozoth Increase Earnings 
Inequality ? 

3.1 	Recent Trends in  Income and 
Earnings Inequality 

If one thing is clear from the analysis 
of times-series data over the last twenty 
years, it is that there are no universal 
trends. Anthony Atkinson (1996) illus- 
trates the diversity of experiences in a 
number of industrial economies, all at 
similar levels of development and expe- 
riencing similar rates of growth. Since 
1970, the Gini coefficient of (gross) 
household income has increased sharply 
in the US and the UK, remained 
roughly constant in Germany, and de- 
creased in France, Italy, and Canada. 
Such differences do not come as a sur- 
prise. The determinants of the degree 
of income inequality in a country in- 
clude social and political forces as well 
as economic ones.30 In particular, gov- 
ernment transfers are the second larg- 

30 See Atkinson (1996, 1997) and Piketty (1996) 
for illuminating surveys of the relevant empirical 
and theoretical literature on the determinants of 
income inequality. 

est source of household income,31 sug- 
gesting that even if growth matters 
in shaping the distribution of income, 
policy choices also play a crucial role. 

In seeking to understand the impact 
of growth and technical change on in- 
equality, it therefore becomes more 
appropriate to concentrate on the dis- 
tribution of earnings rather than of in- 
come. The traditional approach, empha- 
sized by development economists, has 
concentrated on how labor-saving tech- 
nological change would affect capital 
and wage income. However, in what fol- 
LOWS,  we are going to examine only the 
distribution of labor earnings.3VThere 
are two reasons for doing this. One is 
simply that labor income is the main 
source of personal and household in-
come, and hence its distribution has 
major implications for income inequal- 
ity. The other is that, in developed 
economies, the increase in both borrow- 
ing and saving across all income groups 
makes it difficult to assess the distri-
butional consequences of an increase in 
the interest rate at the expense of 
wages .33 

General interest into questions of 
how growth affects inequality has been 
revived in the last few years by the wid- 
ening in earnings distribution experi-
enced by a number of the world's most 
developed economies. Recent empirical 
studies3"ave pointed to a substantial 

31 In 1993, social security benefits accounted for 
14 percent of household income in the UK (Atkin-
son 1997, p .  305), and government transfers re-
duced the Gini coefficient from 52 percent to 37 
percent (Atkinson 1996, figure 2.7). 

3VVe will use the terms wage distribution and 
earnings distribution interchangeably, even if this 
is not entirely accurate. Data on earnings includes 
labor incomes other than wages, such as those of 
self-employed workers. 

33See Atkinson (1996), section 2. 
3"uch as those by Kevin Murphy and Finnis 

Welch (1992), Chinhui Juhn, Murphy, and Brooks 
Pierce (1993), and Machin (1996a). Gottschalk 
and Smeeding (1997) review this literature in an 
earlier issue of this journal. 
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TABLE 2 
BEnVEEU-GROUP C H A ~ G E SIU WAGES Ih THE UK AhD THE US 

Late 1960s- Late 1970s- Late 1980s- 
Early 1970s Early 1980s Eaily 1990s 

Dlfferentzal Year Rabo Year Ratlo Year Raho 

Educational Differentials (males) 
UK University/no-qualification 1974 1.64 1980 1.53 1988 1.65 
US College/High school 1969 1.49 1979 1.37 1987 1.51 

Occupational Dzflerentials (manufact.) 
UK Non-manuallmanual 1970 1.35 1980 1.31 1990 1.49 
US Non-production/production 1970 1.56 1980 1.53 1990 1.64 

Age Differentials 
UK 4049/21-24 1974 1.27 1980 1.29 1990 1.36 
US 4549/20-24 1970 1.76 1980 1.88 1990 2 14 

Source: Machin (1996a), Table 4, p. 52. 

increase in earnings inequality in sev-
eral OECD countries during the past 
twenty years. This has been the case in 
the US, the UK, Canada, New Zealand, 
Australia, but also in Austria, Belgium, 
Japan, and to a lesser extent Sweden. 
Although some countries have escaped 
this rise-earnings inequality remained 
quite stable in Finland and France over 
the period, while it declined in Ger-
many and Italy, at least until the begin- 
ning of the 1990s-most developed 
economies saw the secular trend of sta- 
bility or even reduction in earnings 
inequality reversed in the 1980s. 

The most spectacular rise has un-
doubtedly taken place in the UK and 
North America. The ratio of the 90th to 
the 10th percentile of the male wage 
distribution rose from 2.53 to 3.21 in 
the UK between 1980 and 1990, and 
from 4.76 to 5.63 in the US over 1980- 
89.35 In both countries, these changes 
can be decomposed into three main 
elements: 

(a) An increase in 	educational wage dif- 
ferentials, that is, in wage inequality 
across different educational cohorts. 

3s See OECD Employment Outlook (1993). 

Between 1980 and 1988, the wage ra- 
tio of university graduates to workers 
with no qualification increased by al- 
most 8 percent in the UK, and the 
wage ratio of college to high school 
graduates rose by over 10 percent in 
the US over 1979-87 (see Table 2). 

(b)  An increase in 	age-related wage dif- 
ferentials. Over the decade between 
1980 and 1990, the ratio of wages of 
older to younger workers rose by 5.4 
percent in the UK and by 13.8 per- 
cent in the US (see Table 2).  

(c) An increase in within-group wage in- 
equality, that is inequality which is 
not accounted for by the above be- 
tween-group changes. Yona Rubin-
stein and Daniel Tsiddon (1998) pre- 
sent evidence of an increase in wage 
inequality within educational groups 
in the US. Wage dispersion has in- 
creased since 1970, for both high 
school and college graduates. More- 
over, they find that dispersion is gen- 
erally greater for more educated 
workers. 

Further evidence is provided by 
Stephen Machin (1996a) who looks at 
the residual standard deviation ob- 
tained from simple human-capital 
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equations where the logarithm of real 
hourly earnings is regressed on age 
(and its square) and the number of 
years of schooling. His estimates on 
British and American data yield simi- 
lar results: the residual standard de- 
viation in real hourly earnings in-
creased by 23 percent in the UK and 
by 14 percent in the US between 
1979 and 1993. 

The US and the UK are the only coun- 
tries that have experienced large and si- 
multaneous increases in the returns to 
both experience and education, as well 
as within-group inequality. However, 
many other OECD countries-except 
Germany, Finland and Italy-have expe-
rienced some rise in at least one of these 
three components over the 1980s. As re- 
viewed by Peter Gottschalk and Timothy 
Smeeding (1997), returns to experience 
have sharply increased in Australia, Can- 
ada, France, Israel, and the Netherlands. 
Evidence regarding the returns to educa- 
tion is more mixed but they have in-
creased in Israel and Sweden, while 
within-group inequality also displays an 
upward trend in a nu~nber  of countries. 
Overall, Gottschalk and Smeeding con-
clude that: "what we observe is a diver- 
sity of experiences but with almost all 
countries experiencing some increase in 
earnings inequality" (Gottschalk and 
Smeeding 1997, p. 652).36 

In order to explain earnings patterns, 
we need to understand the behavior of 
the supply and demand for different 
kinds of labor. As Jan Tinbergen (1975) 
pointed out, observed relative -wages 
are the outcome of a "race" between 
the forces increasing the supply of 
skills-mainly education, but also expe- 
rience-and those increasing the de-

36 See also Steven Davis (1992) for a compara- 
tive study of the evolutioll of relative wa es in 
thirteen countries, among which four midile-in- 
come economies are included. 

mand for skills required by firms-tech- 
nical change. Up to the late 1970s, this 
race was won by supply forces, thus re- 
sulting in falling relative wages.3i How- 
ever, the recent trends we have just de- 
scribed and the absence of a marked 
change in labor supply trends38 indicate 
that there has been an acceleration of 
the rate of growth of the relative de- 
mand for skills, which in turn has in- 
creased the skill premium. Then, the 
question is not w h y  has demand been 
steadily increasing-the only answer to 
this is technical change-but rather 
what  has caused this acceleration.39 

The timing of this change has coin- 
cided with two events. One of them is 
the rapid growth of imports from devel- 
oping countries, caused by cheaper and 
faster transport and telecommunica-
tions, a switch to export-oriented poli- 
cies in many developing economies, and 
the rapid growth of East-Asian coun-
tries. The other is the rapid diffusion of 
computers in the work place. Hence, 
two competing explanations have been 
proposed for this structural change in 
the relative demand for skilled labor: 
the impact of trade with the rapidly 
growing East Asian economies, and 
skill-biased tech~aological change. More 
recently, a third explanation has been 
put forward that emphasizes the role of 
organizational change within firms. I t  
argues that the specific way in which 
workers interact and learn in the work- 
place is likely to be crucial in determin- 
ing their productivity, and hence wages. 
The purpose of the second part of the 

37Ti11bergen, writing in 1975, stated that "in the 
past 70 years that race has been c o n  by educa-
tion" thus resultin in falling relative wages, but 
his extra olation of income and education trends 
p r e d i c t e j  that by 1990 the race ' will be lost by 
education" (Tinbergen 1975, p .  103). 

the absence o 
38See Geor Be Johllsoll (1997), who documents 

a substantial change in the rate of 
growth of skilled labor. 

39 See Adrian Wood (1998). 
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paper is to examine the validity of these 
hypotheses. 

Our analysis is organized as follom~s. 
Section 3.2 evaluates the trade hypothe- 
sis, and discusses a growing einpirical 
literature that has tried to sort out how 
much of the observed rise in the skill 
premium can be explained by trade ver- 
sus skill-biased technical change. These 
studies claim to present evidence that 
trade can only explain a small fraction 
of the change in wage inequality. HOW- 
ever, once we take into account the role 
of imports as intermediate production 
factors, the trade hypothesis can ac-
count for the steady rise in wage in-
equality across educational groups. 
Section 3 .3  considers the role of skill- 
biased technical change as a possible 
explanation for the observed increase in 
earnings dispersion. First, in subsection 
3.3.1, we analyze the effect of disem-
bodied technical change, and in particu- 
lar we argue that the acceleration in the 
diffusion of new technologies can result 
in episodes of increasing wage inequal- 
ity across skill groups. Subsection 3.3.2 
focuses on embodied teclznical change. 
We introduce learning-by-doing and in- 
tersectoral mobility considerations to 
provide an explanation for the observed 
increase in wage inequality within edu- 
cational groups. Lastly, section 3.4 focuses 
on the impact that changes in the inter-
nal organization of firms have had on 
the productivity gap between individuals 
with different skills or experience. 

3.2 International Trade 

3.2.1 The Heckscher-Ohlin Model 

The argument that trade is responsi- 
ble for the increase in wage inequality 
stems largely from Heckscher-Ohlin 
theory.40 According to it, countries spe- 

"Adrian Wood was one of the first to put for- 
ward this hypothesis in his book North-South 
Trade, Enzployment and lnequallty (1994) .  

cialize in the production of those com- 
modities that use intensively the factors 
of production they are abundantly en-
dowed with. Developing countries that 
are abundant in unskilled labor but 
scarce in skilled labor tend to export 
goods that are intensive in the former. 
Developed countries export skill-inten- 
sive commodities, such as computer 
software, and import labor-intensive 
manufactures and primary products. 
Under such specialization conditions, a 
globalization boom causes predictable 
inequality trends. In the poor country- 
where abundant unskilled labor is cheap 
and scarce skilled labor is expensive- 
the trade boom drives up the demand 
for unskilled labor and drives down the 
demand for skilled labor, thus erasing 
some earnings inequality. In the rich 
country-where (relative to the poor 
country) unskilled labor is expensive 
and skilled labor is cheap-the trade 
boom drives up the demand for the lat- 
ter and drives down the demand for the 
former. 

The argument is best illustrated with 
the aid of a simple figure, taken from a 
paper by Adrian M700d and Cristobal Ri- 
dao-Cano (1996). Suppose there are 
two production factors: skilled labor 
and unskilled labor. There is a large 
number of goods of different skill inten- 
sities. Kow consider two countries. 
Country A has a lower relative endow- 
ment of skilled labor than country B.  
Figure 1 depicts the relationship be-
tween the ratio of the skilled to the un- 
skilled wage, denoted w, and the rela- 
tive labor supply or fraction of the labor 
force that has skills, denoted s .  The 
given skill ratios are represented by the 
two vertical lines, where SA is the sup- 
ply of skills in country A and S B  that in 
country B.  

When the two countries start trading, 
the skill-rich economy will experience an 
increase in the price of skill-intensive 
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Figure 1. Trade and Relative Wages 

Source: Wood and Ridao-Cano (1996), Figure 2, p. 3. 

commodities, and hence an increase in 
the relative demand for skilled labor. 
Similarly, country A will experience an 
increase in the price of the labor-inten- 
sive goods and a reduction in the de- 
mand for skills. That is, the demand 
curve becomes flatter, represented by 
the DID' line. If wages are flexible, this 
change in demand results in a higher 
skill premium in country B and a lower 
skill premium in country A than under 
autarchy. Thus, earnings inequality in- 
creases in the rich economy. Alterna- 
tively, if the wage of unskilled labor is 
to some extent rigid, the fall in the rela- 
tive demand for unskilled labor would 
manifest itself in a rise in unskilled un- 
employment. Trade, and the resulting 
shift in demand, is often seen as the 
cause of the increase in the skill pre- 
mium in the UK and the US, and of 

higher unemployment among the un-
skilled in the rest of Europe, where la- 
bor market rigidities have maintained 
the level of unskilled wages.41 

3.2.2 An Empirical Test 

Conventional trade theory then pre- 
dicts that the increase in exports of 
goods intensive in unskilled labor, due 
to improved transport and rapid growth 
in East Asia in the past two decades, 
would cause the rise in skilled-wage dif- 
ferentials observed in the UK and the 
US. A growing empirical literature has 
tried to sort out how much of the in- 
crease in the skill premium can be ex-
plained by trade with newly industrializ- 
ing countries, as opposed to alternative 

41 This distinction is, however, somewhat over-
simplified, as documented by Stephen Nickel1 and 
Brian Be11 (1996) and Nickel1 (1997). 
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explanations such as skill-biased techni- 
cal change. The empirical tests have 
mainly concentrated on a specific impli- 
cation of the model we have just devel- 
oped. Trade between high-skill and 
low-skill economies should cause, in the 
former, an increase in the demand for 
(domestic) skill-intensive commodities 
at the expense of the demand for do- 
mestic unskilled intensive commodities. 
This, in turn, would induce a realloca- 
tion of labor between low-skill and high- 
skill industries. In contrast, skill-biased 
technical change would induce a shift in 
labor demand towards skilled labor 
within all industries. 

Eli Berman, John Bound, and Zvi 
Griliches (1994) test this hypothesis by 
decomposing the variations in the share 
of white-collar workers in employ-
ment.42 Let Ei=XJNi be the share of 
white-collar workers (X ) in total manu- 
facturing employment (N ) of industry i ,  
and Si = Ni/N be the share of industry i's 
employment in total employment. Then 
the aggregate change in the share of 
white-collar workers in employment, 
AE, can be expressed as 

I I 

AE = C AS~F;~+ C AE,?,, 
i = l  i = l  

where the bar over a variable indicates 
that the variable is kept constant at its 
start-of-the-period value. The first term 
then reflects changes in the share of em- 
ployment between industries, as caused 
by an increase in the relative demand ad- 
dressed to white-collar intensive indus- 
tries due, for example, to trade liberali- 
zation. The second term captures the 
within-industry component, that is, skill 
upgrading likely to be due to skill-biased 
technical progress. 

Berman, Bound, and Griliches find 

4"his blue/white-collar distinction proves to be 
highly correlated with a high-school/college educa- 
tional classification. 

that, in the United States, the within 
component is, by far, the most iinpor- 
tant one. It accounts for 70 percent of 
the rise in the white-collar share in em- 
ployment between 1979 and 1987. Us- 
ing a similar method for the UK be-
tween 1979 and 1990, Machin (1996b) 
reports that 82 percent of the increase 
in the nonmanual share is due to within- 
industry shifts. Hence, only a minor part 
of the shift away froin manual/blue-col- 
lar workers to non-manuallwhite-collars 
is due to between-industry changes. 

Several other studies arrive at similar 
conclusions. For instance, George Bor- 
jas, Richard Freeman, and Lawrence 
Katz (1992) obtain that a maximum of 
15 percent of the growth of the college- 
noncollege wage differential in the US 
is due to imports. A crucial link in the 
argument is that, for relative wages to 
increase, there should be a fall in the 
prices of less skill-intensive goods rela- 
tive to those of skill-intensive goods in 
rich countries. Empirical studies find 
little evidence that the relative prices of 
less skill-intensive goods have fallen in 
either the United States or Europe dur- 
ing the 1980s, as the trade arguments 
would require.43 Paul Krugman (1995) 
summarizes this research as indicating 
that the effect of East Asian imports on 
industrialized countries' labor markets 
has been small. 

3.2.3 Trade in Intermediate Goods 

While the above-mentioned evidence 
points to skill-biased technical change 
as an unavoidable part of the wage in- 
equality story, the fact that the shift in 
labor demand has taken place mainly 

43Matthew Slaughter (1998) reviews the evi-
dence on price changes in the US, and Robert 
Lawrence (1996) and Damien Neven and Charles 
\Vyplosz (1998) provide evidence on Europe. 
However, Wood (1998) argues that this evidence 
cannot be interpreted as refuting the trade hy- 
pothesis. 
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within industries (and in both traded 
and nontraded good sectors) does not 
suffice to disregard trade liberalization 
when trying to explain the observed in- 
crease in wage inequality between 
skillcd and unskilled labor. The argu- 
ment crucially relies on the assumption 
that traded goods are primarily final 
good,, and, consequently, trade liberali- 
zatinn would shift demand from 
unskilled-intensive to skill-intensive 
goods. If, on the other hand, traded 
goods were mainly inputs into further 
production, the implications would be 
ver) different. 

A lower price of intermediate goods 
would shift the demands for other in- 
puts, increasing that of complementary 
production factors and reducing the de- 
mand for substitutes. If unskilled labor 
were more substitutable for intermedi- 
ate goods than skilled labor, cheap in- 
termediate goods would increase the 
relative demand for skilled workers, 
shifting the within-industry labor de-
mands in all industries that use such in- 
puts, irrespectively of whether they 
themselves produce traded or untraded 
goods and of whether they are skill-or 
unskilled-labor intensive. In this sce-
nario, trade liberalization that reduces 
the price of intermediate goods would 
shijt relative labor demands but not the 
demand for final goods. Consequently, 
one cannot interpret the evidence of an 
absence of between-industry shifts as 
refuting the role of trade. 

Recent work by Martin Falk and Ber- 
trand Koebel (1997) and by Koebel 
(1997) lends support to this hypothesis, 
as they find evidence that unskilled la- 
bor is more substitutable to material in- 
puts than skilled labor in the manufac- 
turing and construction sectors in 
Germany. Falk and Koebel estimate a 
system of input demand functions for 
five factors of production: materials, 
capital, unskilled labor (no qualifica- 

tions), skilled labor (high school degree 
or equivalent), and high-skilled labor 
(university degree). Each factor de-
mand is estimated as a function of the 
prices of all five inputs, the level of out- 
put and a time trend. The main aim of 
the exercise is to obtain cross-price 
elasticities of demand, which will tell us 
whether two inputs are complements or 
substitutes. The cross-price elasticity is 
defined as EQ= &*lapj . pj/i*,where i* is 
the amount of factor i demanded and pj 
is the price of factor j. A value of EV > 0 
implies that goods i and j are substi-
tutes, while E Y <  0 means that they are 
complements. The system is estimated 
for biannual German data, covering the 
period 1977-94. The estimated degree 
of substitutability between material in- 
puts and unskilled labor in the manufac- 
turing and construction sectors is large, 
with elasticities of substitution respec- 
tively equal to 0.14 and 0.34. The de- 
mand for high-skilled labor is increased 
by a lower price of material inputs 
in some sectors and is unaffected in 
others. Work in progress by Garcia-
Peiialosa, Koebel, and Cameron shows 
that, even if there are no direct comple- 
mentarities between materials and skilled 
labor, the fact that unskilled workers 
and material inputs are substitutes suf- 
fices for a reduction in the price of ma- 
terial inputs to increase the relative 
demand for high-skilled labor. 

Such relative price changes actually 
occurred in Germany and in the US 
during the 1980s. The price of material 
inputs relative to that of unskilled labor 
fell by an average 2.4 percent per year 
in Germany between 1977 and 1994, 
and by 1.3 percent per year in the US 
over the period 1979-87 (see respec- 
tively Koebel 1997, and Ana Revenga 
1992). Given the elasticities of substitu- 
tion reported above, this substantial re- 
duction in the relative price of materials 
may have been a cause of the upward 
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shift in the demand for high skilled 
labor experienced in both countries.44 

The extent to which the reduction 
in the relative price of materials in de- 
veloped countries is due to trade liber- 
alization has, to our knowledge, not 
been investigated. Nevertheless, Trudy 
Owens and Wood (1997) provide some 
insights about import and export pat- 
terns of different countries. They divide 
traded goods into manufactures and a 
broad definition of primary goods, 
which includes processed primary prod- 
ucts such as gasoline. Primary products 
represent less than 30 percent of total 
exports in developed countries and the 
East-Asian "high-performing" economies. 
For all other countries, primary com-
modities account for between 45 and 90 
percent of all exports. Although the dif- 
ferences are less marked for imports, 
Owens and Wood show that the share of 
primary products in total imports tends 
to increase with a country's income 
level. The large share of primary prod- 
ucts in exports from poorer to richer 
countries suggests that increased open- 
ness and the reduction of trade barriers 
may have largely contributed to the de- 
cline in the relative price of material 
inputs by industrialized economies. 

Evidence that intermediate goods 
have played an important role in the 
change in relative wages is provided in 
a recent paper by Robert Feenstra and 
Gordon Hanson (1999). They examine 
the relative influence of technology and 
trade on relative wages in the US dur-
ing the 1980s. They measure technology 
by the share of computers in total capi- 
tal, and trade by the degree of "out-

44In Germany, the 1980s witnessed a rapid 
decline in the level of employment of the least 
qualified workers, some increase for those with in- 
termediate qualifications, and a fast rise in em-
plo ment of highly-educated workers, together 
wit{ a moderate increase in the skilled-unskilled 
wage ratio (5 percent between 1980 and 1994). 
See Falk and Koebel (1997), p.  21. 

sourcing," defined as the proportion of 
intermediate goods that are imported. 
Their results imply that, although com- 
puter use is important, outsourcing 
can explain between 15 and 40 percent 
of the change in the relative wage of 
nonproduction labor. 

3.3 Technical Change 

A growing literature argues that the 
shift in the relative labor demand has 
been caused by technological change. 
Now, if technological change is to gen- 
erate an increase in wage inequality, it 
must be because technological change 
is biased toward certain skills or special- 
izations, in the sense that it reveals and 
enhances new differences in abilities 
among workers across or within educa- 
tional cohorts.45 We will argue in the 
next two subsections that this may come 
as a result of both disembodied and 
embodied technical change. 

3.3.1 Disembodied Tech?zical Change 

3.3.1.a 	A Basic Explanation Based on  
General Purpose Technologies 

The rise in the wage premium for 
skilled workers raises a theoretical puz- 
zle. Although technological change can 
exert an upward pressure on the de-
mand for skilled workers and thereby 
increase their wage premium over un- 
skilled workers, education should even- 
tually lead to an expanded supply of 
skilled labor and thereby to a fall in the 
wage differential.46 In what follows we 

4"ee Juhn, Murphy, and Pierce (1993) and 
Piketty (1996). 

46This approach is best captured in the work of 
Theo Eicher (1996), who examines the interaction 
between endogenous human capital acculnulatioll 
and technological change. Skilled labor is assumed 
to be an essential input in education, research, 
and in the absorption of innovations into produc- 
tion. The absorption of bursts in technological 
change then requires the withdrawal of skilled 
labor from research and education which sub-
sequently increases the cost of human capital 
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examine how the adoption and imple- 
mentation of new technologies may re- 
sult in a situation in which the wage 
premium grows even when the relative 
supply of skilled workers is increasing. 

One of the features that stand out in 
our review of the evidence on the dy- 
namics of wage inequality is the epi-
sodic nature of upswings and down-
swings. A natural explanation for this 
pattern is the acceleration in the diffu- 
sion of new "general purpose technolo- 
gies" ( G P T s ) . ~ ~  Let us pause for a mo- 
ment and explain in more detail what 
we have in mind here. 

A GPT is a technological invention 
(or breakthrough) that affects the entire 
economic system. However, whilst each 
GPT raises aggregate output and pro- 
ductivity in the long run, it also causes 
cyclical fluctuations while the economy 
adjusts to it. Examples of GPTs include 
the steam engine, the electric dynamo, 
the laser, and the computer. As argued 
by economic historians such as Paul 
David (1990), there are several reasons 
to believe that the diffusion of a new 
GPT to the entire economy should be 
nonlinear. For example, the existence 
of strategic complelnentarities (or net- 
work externalities) between the various 
sectors of the economy may generate 
temporary lock-in effects, of the kind 
already emphasized by Andrei Shleifer 
(1986) in his paper on implementation 
cycles. Shleifer's central idea is that a 
firm chooses not to implement the new 
GPT as long as no one else does, unless 
forced to do so by some "exogenous" 
factor such as the continuous rise in 
labor costs. 

Externalities can also arise in the 

investment and research. Higher rates of techno- 
lo ical change are thus accompanied by a higher 
rektive wage but lower relative supply of skilled 
labor. 

4iThis analysis draws on Aghion and Howitt 
(1998), ch. 8. 

transmission of skills from parent to off- 
spring. If these externalities are specific 
to a particular sector, they will affect 
the distribution of skills during the 
phase of implementation of a GPT, and 
hence the rewards received by workers. 
Galor and Tsiddon (1997) argue that 
there are two components that deter-
mine individual earnings: sector-spe-
cific skills inherited from parents and 
individual ability. The arrival of a new 
GPT erodes the stock of specific human 
capital, enhancing mobility across sec-
tors. This generates a larger concentra- 
tion of individuals with high levels of 
ability and human capital in the techno- 
logically advanced sectors, and earnings 
inequality rises. As existing technolo-
gies become more accessible, the effect 
of parental specific skills starts to domi- 
nate. Mobility is diminished and in-
equality declines. The cyclical nature of 
technological progress (i.e., inventions 
followed by innovations) together with 
an external effect of parental choice of 
sector of employment give rise to cycli- 
cal movements of the wage differential 
between skilled and unskilled workers.48 

Another potential source of non-
linearity in the diffusion of new GPTs 
which we formalize below lies in the 
phenomenon of social learning. That is, 
the way most firms learn to use a new 
technology is not to discover everything 
on their own but to learn from the expe- 
rience of other firms in a similar situ- 
ation. For a firm to learn from other 
firms, the problems to be solved before 

"Rubinstein and Tsiddon (1998) provide em-
pirical support for this approach. They find that, 
in the US, parent's education plays a crucial role 
in determining the wage of an individual. Control- 
ling for education of the child, the impact of pa- 
rental education on wages is reater in the 1980s 
than in the 1970s However, tie return to college 
education for individuals whose parents did not 
have a college degree is the same in the two de- 
cades. The correlation between the parent's and 
the child's education has also increased from the 
1970s to the 1980s. 
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the technology can successfully be im- 
plemented must bear enough resem-
blance to the problems solved by others 
so that it is worthwhile trying to use the 
procedures of those successful firms as 
a "template" on which to prepare for 
adoption. Thus, the fact that at first no 
one knows how to exploit a new GPT 
means that almost nothing happens in 
the aggregate. Only minor improve-
ments in knowledge take place for a 
long time, because successful imple-
mentation in any sector requires firms 
to make independent discoveries with 
little guidance from the successful ex-
perience of others. But if this activity 
continues for long enough, a point will 
eventually be reached when almost ev- 
eryone can see enough other firms us- 
ing the new technology to make it worth 
their while experimenting with it. 
Hence, even though the spread of a 
new GPT takes place over a long period 
of time, most of the costly experimenta- 
tion through which the spread takes 
place may be concentrated over a rela- 
tively short subperiod, during which 
there is a cascade or snowball effect re-
sulting in an accelerated demand for 
skilled labor. This in turn will cause the 
skill premium to rise. 

More formally, suppose that aggregate 
output is produced by "labor" according 
to the constant return technology: 

where A ( i )= 1 in sectors where the old 
GPT is still used, and A ( i )=y > 1in sec- 
tors that have successfully innovated, 
while x ( i )  is manufacturing labor used to 
produce the intermediate good in sector 
i .  The total labor force L is actually di- 
vided into skilled and unskilled workers. 
Whilst old sectors, that is those with 
A(i)= 1,can indifferently use skilled and 
unskilled workers, the experimentation 

and the implementation of the new GPT 
requires skilled labor. 

For simplicity, we do not detail the 
supply side of the labor market, but 
simply assume that the fraction of 
skilled workers is monotonically in-
creasing over time, for example as a re- 
sult of schooling and/or training invest- 
ments. The supply of skilled labor at 
time t is then given by: 

where s < 1 is the initial fraction of 
skilled workers and P is a positive number 
measuring the speed of skill acquisition. 

We now have to analyze the demand 
side of the labor market, and in particu- 
lar determine at any point in time how 
many sectors are still using the old GPT 
and therefore do not have any specific 
need for skilled workers, and how many 
sectors are experimenting with or already 
using the new GPT. 

We assume that in each sector i, mov-
ing from the old to the new GPT re-
quires two steps. First, a firm in that 
sector must acquire a "template" on 
which to base experimentation. Second, 
the firm must use this template to dis- 
cover how to implement the GPT in 
that particular sector. Let no denote the 
fraction of sectors that have not yet ac- 
quired a template; nl denote the frac- 
tion of sectors that have acquired a tem- 
plate but are still experimenting; and 
n2= 1-no-nl  the fraction of sectors 
that have succeeded in making the 
transition to the new GPT. 

A sector will acquire a template if a 
firm in that sector either makes an in- 
dependent discovery or finds its tem-
plate by "imitation," that is, by observ- 
ing at least k "similarly located" firms 
that have made a successful transition 
to the new GPT. The Poisson arrival 
rate of independent discoveries to such 
a sector is ho < 1.The Poisson arrival rate 
of opportunities to observe m similarly 
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Figure 2.  Fraction of Sectors that Have Adopted the GPT 

located firms is assumed to equal unity. 
The probability that such an observa-
tion will pay off (in other words, the 
probability that at least k among the m 
similar firms will have successfully ex-
perimented the new GPT) is given by 
the cumulative binomial: 

since nz is the probability that a ran-
domly selected firm will have succeeded 
in implementing the new GPT. The flow 
of sectors that acquire a template and 
can thus start experimenting on the new 
GPT, will be equal to no times the flow 
probability of each sector making the 
transition: ho + cp(m,k,nz). 

Now we assume that for an experi-
menting firm to actually succeed in im- 
plementing the new GPT, it must em-
ploy at least H units of skilled labor per 
period. We can think of this labor as be- 
ing used in formal R&D, informal R&D, 
or in an experimental start-up firm. In 
any case it is not producing current out- 

p u t  Instead, it allows the sector to ac- 
cess a Poisson process that will deliver a 
workable implementation of the new 
GPT with an arrival rate of hl. Thus the 
flow of new sectors that can implement 
the new GPT will be the number of ex- 
perimenting sectors ni, times the success 
rate per sector per unit of time hl. 

We can summarize the discussion to 
this point by observing that the evolu- 
tion over time of the two variables nl 
and 122 is given by the autonomous 
system of ordinary differential equations: 

n1= [Lo+ cp(m,k,nz)l(l- nl - nz)- hlnl 

with initial condition nl(0)= O,nz(O)= 0. 
The time path of no is then given auto- 
matically by the identity no = 1- nl - nz. 

Figure 2 depicts the solution to the 
above ~ y s t e m . ~ g  surprisingly,Not the 
time-path of nz follows a logistic curve, 
accelerating at first and slowing down 
as n 2  approaches 1, with the maximal 

49Figure 2 displays the behavior of nl and ne in 
the  case where yo = 0.005, hl = 0.3,m = 10, and k = 3. 

40 
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Figure 3. Wages Relative to the Initial Wage 

growth rate occurring somewhere in the 
middle. Likewise the path of nl must 
peak somewhere in the middle of the 
transition, in as much as it starts and 
ends at zero. If the arrival rate ho of inde- 
pendent discoveries is very small then 
both n i  and ne will remain near zero for 
a long time. The number of sectors en- 
gaging in experimentation peaks sharply 
in year 20 due to social learning. 

The transition process from the old to 
the new GPT can then be divided into 
two subperiods. First, in the early phase 
of transition (i.e. when t is low) the 
number of sectors using the new GPT is 
too small to absorb the whole skilled la- 
bor force, which in turn implies that a 
positive fraction of skilled workers will 
have to be employed by the old sectors 
at the same wage as their unskilled 
peers. Thus, during the early phase of 
transition the labor market will remain 
"unsegmented," with the real wage be- 
ing the same for skilled and unskilled 

labor and determined by the labor 
market clearing equation: 

( 1  - n2) . xo + n2 . XN + nl . H = L 
w w w 

lab01 lab01 labor demand b~ 
deniand by demand by an e\pe11mentlng 

an old sect01 a nerr sect01 sect01 

However, in the later phase of transi- 
tion, where the fraction of new sectors 
has grown sufficiently large that it can 
absorb the whole skilled labor force, 
the labor market will become seg-
mented, with skilled workers being ex- 
clusively employed (at a higher wage) 
by new sectors whilst unskilled workers 
remain in old sectors. Let w ,  and w ,  de-
note the real wages respectively paid to 
unskilled and skilled workers. We now 
have w, > w,,, since the two real wages 
are determined by two separate labor 
market clearing conditions. The skilled 
wage is determined by the expression 
L2 = nl . H + ne . X A ~ ,  while wu is obtained 
from L1= (1- nz) . xo,with L1= L - L2. 
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TABLE 3 
THEPRODUCTIVITYSLOWDOWN 

Average annual rate of growth of TFP 

US 1.56 1.65 0.00 0.75 
UK 0.50 1.47 0.64 0.52 

Source: Wolff (1996),Table 1. 

Note: The data is for the whole economy, rather than 

just manufacturing. 


Figure 3 depicts the time-path of real 
wages50 in the benchmark case of the 
previous subsection. The skill premium 
(ws/wu)starts increasing sharply in the 
year n = 21 when social learning accel- 
erates the flow of new sectors in the 
economy, and the premium keeps on in- 
creasing although more slowly during 
the remaining part of the transition pro- 
cess. Since everyone ends up earning 
the same (skilled) wage, standard mea- 
sures of wage inequality first rise and 
then fall. 

3.3.1.b 	Skill-Biased Technical Change 
and the Productivity Slowdown 

The main argument put forward 
against the skill-biased technical change 
hypothesis is that we have not observed 
an increase in the rate of productivity 
growth since the early 1980s. Many in- 
dustrial economies have experienced a 
substantial reduction in the rate of 
growth of total factor productivity since 
1973.51 Table 3 reports the results ob- 
tained by Edward Wolff (1996). In the 
US, total factor productivity grew at an 
average annual rate of 1.61 percent be- 
tween 1950 and 1973, and at 0.47 per- 
cent over the 1973-89 period. In the 
UK, its rate of growth fell from 1.05 

SOThe same parameter values as for Figure 2 
are used, together with P = 0.05 and s = 0.25. 

51 Wolff (1996) and Griliches (1994), for exam- 
ple, provide evidence on this. 

percent in the first period to 0.56 per- 
cent in the second. This productivity 
slowdown questions the validity of a hy- 
pothesis that attributes the increase in 
wage differentials to an acceleration of 
technological progress. 

However, several counterarguments 
can be put forward. To start with, stan- 
dard calculations of total factor produc- 
tivity do not provide an appropriate 
measure of the rate of technical change. 
Empirical calculations are based on a 
Cobb-Douglas production function of 
the form Yt=AtKPL: - ", where At is the 
technology parameter (or total factor 
productivity), Kt is the stock of capital, 
and Lt is an aggregate measure of 
the labor input, usually the size of the 
labor force times average years of 
education. Total factor productivity is 
then measured as the residual growth 
rate, once the rate of growth of capital 
and labor have been accounted for: 
g ~= gr - a g ~- (1- a ) g ~ ,where gi de-
notes the growth rate of factor i .  The 
first problem with this approach is that 
the rate of growth of this residual can 
be explained by factors such as the age 
of capital, the capital labor ratio and the 
rate of output growth, indicating that it 
is a poor measure of the level of tech- 
nology. Second, given that manufactur- 
ing and services have different capital 
intensities, there is a measurement 
problem if the importance of the share 
of the service sector in total output is 
growing but the parameter a is treated 
as constant over time. Thirdly, the tech- 
nological parameter At affects all types 
of workers equally, and hence it is 
not an appropriate measure of biased 
technical change. 

More direct measures of technical 
change are therefore needed in order to 
test for the existence of skill-biased 
technical change. The empirical litera- 
ture has proposed two measures: R&D 
expenditures and computer use. If 
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research is an important source of the 
level of technology, then lagged R&D 
expenditures can be treated as a proxy 
for the rate of technical change. The 
same applies to computers, since they 
are one of the major technological 
breakthroughs of the past twenty years. 

The skill-biased technical change hy- 
pothesis is supported by estimates of 
equations relating the employment 
share of nonmanual workers to the two 
above measures of technical change.5" 
Using US manufacturing data, Berman, 
Bound and Griliches (1994) show that 
both computers (as a share of total in- 
vestment in 1974) and R&D expendi- 
tures have a positive and significant 
impact on the increase in share of non- 
production workers in the total wage 
bi1153: these two factors account for 70 
percent of the move away from produc- 
tion labor over 1979-1987. Extending 
the study to nonmanufacturing, David 
Autor, Lawrence Katz, and Alan 
Krueger (1997) corroborate the impor- 
tance of technical change in accounting 
for the increase in skilled workers as a 
proportion of the wage bill. A similar 
analysis for a number of OECD coun-
tries shows that R&D expenditures have 
a positive and significant impact on the 
share of nonmanual workers in employ- 
ment.5"imilarly, at the plant level, 
Timothy Dunne, John Haltiwanger, and 
Kenneth Troske (1996) show, using US 
data, that changes in the R&D stock 
have a positive and significant impact 
on the secular change in skill shares. 
Mark Doms, Dunne, and Troske (1997) 
also find that technology indicators are 
associated with a higher proportion of 
skilled workers when plant-level cross-
sectional data is used. Similar results 

S 2  Lucy Chennells and John Van Reenen (2000) 
review the empirical literature on this topic. 

53A11 regressions include co~ltrols for the level 
o f  output and the stock o f  physical capital. 

54 Machin and Van Reenell (1998). 

are obtained with British, French and 
Spanish plant level data.55 Overall, em- 
pirical evidence from a number of 
OECD countries, indicates that more 
technologically advanced industries (or 
plants) are more likely to have in-
creased their relative use of skilled 
workers in the 1980s. 

The same variables that have a posi- 
tive impact on the employment share of 
skilled workers, namely R&D expendi- 
tures and computer use, are found to be 
associated with higher levels of produc- 
tivity at the micro leve1.56 A question 
then arises: how come that this is not 
reflected in aggregate measures of pro- 
ductivity? The GPT model proposed in 
the previous section provides a poten- 
tial explanation for this puzzle. The im- 
plementation of a new GPT may induce 
a temporary productivity slowdown. I t  
involves diverting a substantial fraction 
of physical and human resources into 
the risky experimentation of the new 
GPT; also, it leads to the proliferation 
of (secondary) product innovations 
whose output contributions cannot be 
measured at once by the available statis- 
tics and which also have limited exter- 
nalities on the overall R&D process. 
Therefore, a faster pace of innovation 
may result in a temporary productivity 
slowdown during the time interval 
where the new GPT is being experi-
mented by the various sectors of the 
economy.57 

55See Machin (1996b) for the U K ,  Emma~luel 
Duguet and Nathalie Greenan (1997) for France, 
and Victor Aguirregabriria and Cesar Alonso-Bor- 
rega (1997) for Spain. 

5GSee Griliches (1986), Griliches and Jacques 
Mairesse (1984), Erik Bry~ljolfsson and Lorin Hitt 
(1998). 

57 A similar effect is obtained by Galor and Tsid- 
don (1997). During the phase o f  implementation 
there is a reduction in the concentration o f  high- 
ability workers in the technolo ically advanced 
sectors, which diminishes the like&hood o f  techno- 
logical breakthroughs. Acemoglu (1998) provides 
an alternative explanation, based on the idea that 
researchers can target their effort to  innovations 
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3.3.2 Embodied Technical Change and vintages. Workers are ex-ante identical 
Within-Group Inequality (i.e, they all have the same educational 

Skill-biased technological change as 
analyzed in subsection 3.3.1 cannot ac- 
count for the fact that arbund 60 per- 
cent of the total increase in wage in- 
equality over the past twenty years is 
within groups of individuals with appar- 
ently the same education level and the 
same number of working years. Focus- 
ing on a theory that explains only the 
rise in between-group inequality is thus 
not sufficient. 

Now, one might go on and argue that 
this empirical observation reflects mea- 
surement problems. In particular, exist- 
ing studies do not properly discriminate 
between schools and universities with 
different levels of standing. As perti-
nent as such a criticism may be, it can- 
not entirely account, however, for the 
magnitude of the within-cohort effects; 
nor does it account for the fact that the 
wage gap between workers initially 
hired by the same firm at the same 
wage, is also increasing over time. 

Gianluca Violante (1996) develops a 
new explanation for the observed in- 
crease in wage dispersion within educa-
tional groups. His explanation is based 
on the notion of vintage-specific skills 
primarily acquired by workers through 
learning-by-doing. More specifically, 
suppose that technological knowledge is 
embodied in equipments of different 

that complement either skilled or unskilled labor. 
Since research is a fixed cost, the returns to R&D 
depend 011 the number of workers that will be able 
to use the new technology. For as long as the 
number of skilled workers was small, R&D tar- 
geted products that were complementary with 
unskilled workers and hence technical change 
reduced the skill premium. The expansion of edu- 
cation since the 1960s made it profitable to invent 
machinery to be used by skilled rather than un- 
skilled workers. Technical than e became skill-bi-
ased and the wage ratio started to increase even 
though there was no change in the aggregate rate 
of productivity growth. 

backgro;nd), but are randomly matched 
with machines of different vintages. At 
any point in time, workers can either re- 
main on the same job and improve their 
skills on the current machine through 
learning-by-doing or move to newer ma- 
chines. New machines are more produc- 
tive than old ones, but leaving an old 
machine involves a (partial) loss of 
skills. As a result, workers become in- 
creasingly heterogenous as their spe-
cific labor-market histories unfold, 
involving different patterns of accumu- 
lation or transfer of skills on the job and 
between jobs. This, in turn, will gener- 
ate an increased variance in produc-
tivity, and thus in wages, among work- 
ers with different matching and vintage 
histories. 

The following formalization, based on 
recent work by Aghion, Howitt, and 
Violante (1998), might help develop 
more precise intuitions on the effects of 
technical change and education policy 
on within cohorts wage inequality. 

We consider the simplest possible 
case, where new technologies are em-
bodied in capital goods which only last 
for two periods but do not depreciate 
after one period. Each period a new 
technology arrives, and it is adopted by 
those firms that acquire new capital to 
replace their old and obsolete equip-
ment. The new technology at date t 
allows the production ofvAnal output 
according to: 

Yt = KF(At . Xt)l- ", 

where Xt is the number of efficiency 
units of labor working with technology t ,  
Kt is the amount of capital used by tech- 
nology t ,  and At is the technological pa- 
rameter. Profit-maximization by firms will 
lead to an equilibrium amount of capital 
which is proportional to the technologi- 
cal level At, and for notational simplicity 
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we shall assume that K: =At, so that the 
equilibrium level of output by technology 
t can be expressed as: 

Each new technology is y times more 
productive than the previous one, 
where y > 1 measures the rate of techni- 
cal progress. That is: 

A ~ = Y . A ~ - ~  
for all t. 

Since capital goods last only for two 
periods and do not depreciate after 
one period, at any point in time only 
two technologies are in operation: the 
leading-edge technology t which oper-
ates according to equation ( I) ,and the 
old technology t - 1 which operates 
according to: 

YtO =At- I . X;:?. ( 2 )  
Not all workers can move to the leading 
edge, and this is the primary source of 
within-cohort inequality; more specifi-
cally, the labor market is frictional in the 
sense that a randomly selected fraction o 
of all workers at most can relocate at 
once to the leading edge. 

Let 0 (respectively 1) denote the 
leading edge (respectively the old) tech- 
nology at any time in steady-state, and 
Xo and XI the amount of efficiency units 
of labor employed respectively by new 
and old firms in steady-state. We de-
note the rate of learning-by-doing 
fully enjoyed by those workers that re- 
main on the same technology for two 
periods; T the part of acquired knowl- 
edge that a worker moving to the new 
leading edge can transfer with him; and 
c the spillover of acquired knowledge to 
new workers. We then have: 

Xo = (1+ Tq) xoo + x10 

where xy is the steady-state labor flow 
from the i-technology (i = 0,l) last period 
to the j-technology (j = 0,l) this period. 

Workers are paid their marginal pro- 
ductivity. The wage of each individual 
will then depend on two things: the 
technology she is currently operating, 
and the technology. that she operated 
the previous period. To see how relative 
wages are affected by technical change, 
consider first the simplest case, in 
which there is full appropriability by 
firms but no transferability, i.e. 5 = 1 
and T = 0. In this case, wages are vin- 
tage-specific and not worker specific. 
There are, thus, only two wages, which 
depend on the current technology 
used by the worker but not on her past 
work experience. That is, the wage for 
those operating the new technology is 
woo = wio= wo, and for those using the 
old technology is wol= w l l =  wl, where 

There are two possible situations. One 
is that the relocation constraint is not 
binding, that is, not all workers using the 
old technology want to move and oper- 
ate the new one. Equilibrium would then 
imply that workers relocate to newer lines 
in such a way that all individuals are in- 
different between working with either 
technology. This in turn will result in 
complete equality of lifetime earnings 
across workers. The more interesting case 
is the one in which the constraint im- 
posed by is binding. I t  is then possi- 
ble to show58 that the wage ratio between 
the two types of workers is given by 

Two parameters affect the ratio of 
wages, q and y. A higher rate of learn- 
ing-by-doing reduces the wage ratio by 

58 Relative employment is given by XI /Xo = 
(1+ ?)( I - o)/o,where o is the fraction of workers 

the leading-edge technology, (1-0) the 
z:z%er using the old one, and (1+ 11)the produc- 
tivity of the latter. 
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making the productivity of those work- 
ing with the old technology relatively 
higher. On the other hand, faster tech- 
nological change as measured by a 
higher y will result in more unequal 
earnings between workers on the lead- 
ing edge and workers on the old 
technology. 

Let us now allow for the transferabil-
i ty  of skills by workers who move to the 
new leading-edge technology that is, for 
T > 0. One can then show that an in-
crease i n  the degree of knowledge trans- 
ferability z has the unambiguous effect 
of increasing wage inequality when 
measured either by the ratio between 
the top and the bottom wage or by the 
variance of log-wages. This is not too 
surprising, since for given labor Jows  
xq7s, more transferability tends to pro- 
vide an even greater advantage to those 
workers who adapt quickly to the new 
leading edge. (What is less obvious is 
the fact that this direct effect of trans- 
ferability always dominates the indirect 
effect working through the relocation 
decision of workers, i.e, through the 
xq's). 

This result yields two potentially test- 
able implications. First, if we interpret 
the transferability parameter z as mea- 
suring the general level of education 
within the whole cohort of workers, 
then our analysis suggests that a higher 
degree of within-cohort inequality 
should be observed within more highly 
educated cohorts. Recent empirical 
work by Rubinstein and Tsiddon (1998) 
and Amanda Gosling, Machin, and 
Costas Meghir (1998) appears to con-
firm this first prediction of our model. 
Second, if we define z as a measure of 
the generality of the (current leading- 
edge) technology, then we obtain the 
prediction that (within-cohort) wage in- 
equality should increase when the econ- 
omy enters a phase of implementation 
of a new GPT. 

We can now ask what would be the 
effects of increasing education spending 
on earnings inequality. The basic model 
of skill-biased technical progress out-
lined in subsection 3.3.1. implied that 
education would have the unambiguous 
effect of reducing wage inequality be- 
tween skilled and unskilled workers. 
However, when technical progress is 
embodied in particular production 
lines, the answer to this question will 
depend on the particular kind (or de- 
sign) of public support to education. To 
begin with, any education or training 
policy that increases the growth rate y 
will automatically increase earnings in- 
equality. More interesting are the ef-
fects of education policies aimed at in- 
creasing the adaptability of workers to 
new lines. Think of a situation in which 
there are two levels of transferability, z 
and 7, corresponding to high-school 
graduates and college graduates, re-
spectively. The overall degree of wage 
dispersion is determined by both 
within-group and across-group inequal- 
ity. If there are decreasing returns to 
labor for both types of workers, a policy 
of education expansion that increases 
the number of workers with high adapt- 
ability (thus decreasing their marginal 
product) would reduce the extent of 
across-group inequality. Let us thus re- 
fer to this effect as a decreasing returns 
effect. However, as argued above, the 
educational group with a higher z exhib-
its greater within-group wage disper-
sion due to a transferability effect. 
Whether the decreasing return effect 
or the transferability effect dominates 
will obviously depend on the parame- 
ters of the model. What is important is 
that policies that increase the average 
level of education of the workforce 
may increase earnings inequality be-
cause they will place the majority of 
workers in sections of the labor market 
where previous work experience has a 
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strong effect on current wages, and 
where, consequently, wage dispersion is 
high. 

A further effect of transferability oc- 
curs if we allow z to vary across indi-
viduals. Following Galor and Omer 
Moav (1998), suppose that the degree 
of transferability depends on the innate 
ability of the worker, so that the more 
able a worker is, the less knowledge de- 
preciates as she moves to the leading- 
edge technology. Galor and Moav exam- 
ine this effect in a model in which 
technical change is skill-biased and edu- 
cation decisions are endogenous. They 
find that an increase in the rate of tech- 
nical change increases both the return 
to ability and to education, bringing 
about a rise in the skill premium and in 
wage inequality within educational-
groups (as differences in ability now 
result in greater differences in 
productivity and therefore wages). 

The other parameter of interest in 
our exposition of vintage effects and 
embodied technical change is c. The 
degree of appropriability of knowledge 
by firms is not an invariant technologi- 
cal parameter, but rather the outcome 
of the particular structure and internal 
organization chosen by firms. The envi- 
ronment in which firms are operating 
can therefore affect the extent to which 
they are willing to provide channels for 
spillovers of knowledge accumulated by 
workers, and hence affect the disper- 
sion of earnings. The next section ad- 
dresses this issue in detail and examines 
the extent to which the increase in 
wage inequality can be attributed to 
organizational change. 

3.4 Organizational Change 

The preceding analysis of skill-biased 
technical progress and wage inequality 
may appear simplistic in its repre-
sentation of firms as "production func- 
tions" in which skills and current wages 

are both being taken as given once a 
technology has been adopted. The real- 
ity is indeed more complex. First, skills 
are only partly determined by tech-
nological requirements. They are to a 
substantial extent firm-specific, that is, 
specific to the particular type of orga-
nizational form chosen by enterprises. 
Second, as a result of this firm-specific- 
ity, wages are not entirely market deter- 
mined, but instead are the outcome of 
complex bargaining processes59 that are 
also affected by the organizational 
structure of firms. 

In recent years, a growing literature 
has emphasized the impact of organiza- 
tional change upon rising wage inequal- 
ity.60 The underlying idea is that, as 
changes in organization take place, the 
productivity gap between individuals 
with different skill levels increases. In 
this subsection we discuss the impact of 
organizational change on wage inequal- 
ity. In what follows we will put forward 
two hypotheses: 

1. In recent years, organizational change 
has been called for and made possi- 
ble by the development of new tech- 
nologies. Hence, it does not stand as 
an autonomous event but rather as a 
response to other shocks. In particular, 
it can be understood as being itself 
the result of skill-biased technical 
change.61 

2. 	Whether organizational considera-
tions magnify or dampen the effect of 
skill-biased technical change on wage 
inequality depends on the relative 
importance of across-firm effects 
compared to within-firm effects, and 
on whether employment flexibility is 
higher within or between firms. 

59 See Lars Stole and Jeffrey Zwiebel (1996). 
60 See for example Kremer and Maskin (1996), 

Acemoglu (1996) or Assar Lindbeck and Dennis 
Snower (1996). 

61 See David Thesmar and Mathias Thoenig 
(1998). 
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3.4.1 What is Organizational Change? 

Recent developments in the structure 
of European and US companies have 
been characterized by the following 
trends162 

(a) A move towards flatter organizations 
with both decentralization of deci-
sion making within firms (creation of 
independent profit centers with 
greater flexibility, and authority be- 
ing allocated to units' managers) and 
a decrease in the number of hierar- 
chical layers accompanied by a wider 
span of control at each layer.63 

(b)The development of collective work 
in the form of work teams, workers 
involvement groups and quality cir- 
cles. 

(c) A shift away from hierarchical into 
more "organic" structures charac-
terized by the replacement of vertical 
communication channels by horizon-
tal (cross-department) channels, less 
hierarchy and a reduction in special- 
ization (i.e., of the extent to which a 
particular agent can be identified 
with any particular task). 

(d)A growing segregation of workers by 
skills, leading to a higher homogene- 
ity of firms' skilL'employment struc-
ture. Economic activity has shifted 
away from firms like General Motors 
which use both high and low-skilled 
workers to firms such as Microsoft 
and McDonald's whose workforces 
are much more homogenous. For ex- 
ample, in the US, the correlation be- 
tween wages of production workers 
in the same manufacturing plant 

62These four trends are identified in recent 
work by, respectively, Michael Piore (1994), Paul 
Osterman (1994), Elisabeth Scott, K. O'Shaugh- 
nessy, and Peter Cap elli (1996), and Kremer and 
Maskin (1996)  Carori (1999) surveys this litera- 
ture. 

63By span of control we mean the number of 
downstream agents or units that are being super- 
vised or monitored by a given layer. 

rose from 0.76 in 1975 to 0.80 in 
1986.64 

These changes in the organization of 
firms tend to be adopted in clusters, as 
shown by Casey Ichniowski and Kathryn 
Shaw (1995). Moreover, they also go 
hand in hand with technological change. 
Recent work by Nathalie Greenan (1996) 
for France and by Erik Brynjolfsson and 
Lorin Hitt (1998) for the US shows that 
the use of newly developed information 
technologies are positively and strongly 
correlated with the adoption of new 
forms of workplace organization. The 
reasons for joint technical and organiza- 
tional change are twofold. First, the 
spreading of new technologies heavily re- 
lying on the management of information 
calls for new organizational forms. De- 
centralization of decision making and in- 
tensification of communication are nec- 
essary to capture the full benefit of the 
upcoming technological opportunities. 
Brynjolfsson and Hitt (1998) provide evi- 
dence on that point. Using Fortune 1000 
data on technical change as well as a re- 
cent survey of organizational practices in 
the US, they estimate a Cobb-Douglas 
production function with physical capi- 
tal, labor, and a measure of information- 
technology capital interacted with some 
index of decentralization. This last term 
has a strongly positive and significant im- 
pact on productivity, thus implying that 
"reorganized" firms get a higher return on 
the information technology investments. 

The second reason why technical and 
organizational changes should be corre- 
lated is that the spread of new technolo- 
gies makes organizational change possi- 
ble. For example, the flattening of 
firms' structure is encouraged by a 
higher efficiency of the monitoring 
technology which allows any given prin- 
cipal to increase his span of control and 

64 See Kremer and Maskin (1996), p. 1 
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hence to reduce the number of interme- 
diate supervisory layers.65 The move to- 
wards less hierarchical (more organic) 
firms is also linked to the development 
of new technologies, insofar as these re- 
duce the cost of direct, lateral conzmu-
nication. A major comparative advan-
tage of a nonhierarchical structure over 
a hierarchical one lies in the former's 
ability to process new information more 
quickly and thereby to respond faster to 
changes in demand. This comparative 
advantage is enhanced when communi- 
cation costs are reduced.66 Finally, as 
technical change takes place, skill ho- 
mogeneity tends to increase within 
firms. Michael Kremer and Eric Maskin 
(1996) show that, in such circum-
stances, segregated equilibria will 
emerge, characterized by "assortative 
matching." Three ingredients are neces- 
sary for this to happen: the production 
process requires two tasks which are 
complementary, these tasks are un-
equally sensitive to skills, and the vari- 
ous skill levels are imperfect substi-
tutes. Under such conditions, when skill 
dispersion reaches a certain threshold, 
cross-matching of workers with differ- 
ent skill levels is replaced by assortative 
matching: high and low skilled workers 
are employed by different firms in 
which the labor force is perfectly 
homogenous. 

Technical progress can then be seen 
as having two effects on wage inequal- 
ity: a direct one, examined in subsection 
3.3, and an indirect one through in-
duced changes in firms' organizational 
structures that may amplify or dampen 

" Greater efficiency in monitorin 
to new monitoring technologies 5ich be duemake it 
~ o s s i b l e  for a ~ r i n c i ~ a l  moreto directlv monitor 
igents, or to &I inciease in total factor p r o d u c  
tivity, which increases workers' incentive to exert 
effort and thus requires a lower degree of moni- 
toring (Acemoglu and Newman 1997). 

GGSee Roy Radner (1993), Bolton and Mathias 
Dewatripont (1994), Timothy Van Zaildt (1997). 

the direct effect. Given that technical 
progress tends to be skill-biased, one 
could conjecture that organizational 
change will necessarily increase wage 
inequality. We will challenge this view 
in the next subsection, arguing that the 
consequences of organizational change 
heavily depend on the choice made 
by firms regarding human resources 
flexibility. 

3.4.2 	Organizational Change and Wage  
Inequality: The Role of Internal 
versus External Flexibility 

The main argument in favor of the 
view that organizational change neces-
sarily fosters wage inequality is that or- 
ganizational change itself is skill-biased. 
In a similar way as technical change, it 
shifts upwards the relative demand for 
skilled workers. Using US data, Timo- 
thy Bresnahan, Brynjolfsson, and Hitt 
(1998) show that decentralization in 
workplace organization has a positive 
impact on firms' investments in human 
capital, independent of that of informa- 
tion technologies. Similarly, Caroli and 
John Van Reenen (1999) show that both 
technical and organizational change re- 
duce the share of unskilled manuals 
within British and French enterprises. 
One reason for this is that nonhierarchi- 
cal firms rely on direct, horizontal com- 
munication among workers and on task 
diversification as opposed to special-
ization. They hence require multi-
skilled agents, who can both perform 
varied tasks and learn from other 
agents' activities. If educated workers 
have a relative advantage at multi-skill- 
ing, they will get a premium in such or- 
ganizations.67 This is likely to be the 
case. since education is,

' 
bv 

2 
far, the 

provider of the kind of 
is required a 

to be truly multi-skilled. 

67 See Scott, O'shaugnessy, and Cappelli (1996). 
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A second reason why organizational 
change may be at the root of rising in- 
equality has to do with skill segregation. 
As within-firm skill structure tends to 
become more homogenous, the produc- 
tivity gap across firms increases. As-
sume that the economy is initially in a 
situation where all types of workers are 
employed together and that it then 
moves towards a segregated equilib-
rium. Segregation takes place between 
high-skill (and sometimes high physical 
capital, as argued by Daron Acemoglu 
1996) enterprises and mixed or low-skill 
firms. Since the former are more pro- 
ductive than the latter, all other things 
being equal, wage inequality is bound 
to increase across firms within an indus- 
try. This suggests that the spreading of 
more organic (and highly homogenous) 
firms may be partly responsible for the 
rise in wage inequality. 

However, strong arguments point in 
favor of a reverse relationship. As deci- 
sion rights are delegated to lower layers 
of the hierarchy, firm owners need to 
avoid moral hazard (or free-riding prob- 
lems) in teams. The outcome in terms 
of wage inequality will heavily depend 
on the choice of the delegatees. The 
owner may choose to concentrate the 
delegated rights on a small number of 
"team leaders." This unevenness in 
authority allocation will, in turn, result 
in an increased wage differential be- 
tween the team leader and his co-team 
members," all of whom are likely to be 
drawn from the same educational co-
hort. On the contrary, it may be optimal 
to delegate those rights to a large num- 
ber of team members. In this case, in- 
centive considerations may lead to a 

"This is most likely to be the case whenever: 
(a) employees are highly responsive to monetary 
incentives and do not only value the private bene- 
fits of control (see A hion and Jean Tirole 1997); 
(b)  there is little 0% rotation between current 
team leaders and o t i e r  team members. 

rise in wages for workers in the lower 
part of the occupational structure and 
hence, to a narrowing of the corre-
sponding wage gap. This prediction is 
actually in accordance with the results 
displayed by Peter Cappelli and Kermit 
Daniel (1995) on US data. They show 
that the ratio of supervisors to blue col- 
lar workers' wages is significantly lower 
in those firms which have introduced 
Total Quality Management schemes.69 

When supervisory layers are re-
moved, whether the wage differential 
between top managers (or top supervi- 
sors) and the downstream teams should 
increase or decrease will also depend to 
a large extent on the nature of tasks or 
decision rights that are being trans-
ferred upstream and downstream. If 
even a few complex tasks are being 
transferred downstream, top managers 
will have to deal with simpler problems 
and the move toward decentralization is 
likely to translate into a smaller revenue 
gap between the top management and 
downstream units.70 Finally, segrega-
tion leads to more homogenous skill 
structures inside firms which, in turn, 
mechanically reduces wage inequality 
within any given enterprise. 

Overall, organizational change seems 
to  have an ambiguous impact upon 
wage inequality. The move toward more 
organic firms may increase or reduce 
inequality, depending on whether 
multi-skilling (and hence education) re- 
quirements overcome or not the conse- 
quences of despecialization and deci-
sion rights delegation induced by the 
flattening of organizations. Similarly, 
rising homogeneity of firms' skill struc- 
ture will result in higher or lower in- 
equality depending on the relative im- 
portance of across-firm effects-which 

69 Such schemes typically involve transferring 
some decision making down to line workers. 

70 See Caroli, Greenan, and Dominique Guellec 
(1997). 
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enhance wage inequality-as compared 
to the within-firm effects, which tend to 
reduce it. 

Our conjecture here is that the out- 
come of organizational change in terms 
of inequality heavily depends on the 
type of flexibility chosen by firms in the 
management of human resources. If 
they relied on external flexibility, firms 
would react to any new need for human 
capital by firing unskilled workers and 
hiring skilled ones from the outside la- 
bor market. Such a strategy is bound to 
boost wage inequality across groups 
since it shifts the demand for skills up- 
wards. On the contrary, if firms relied 
on internal flexibility, they would 
choose to promote workers from the 
bottom end of the occupational or skill 
structure up to some higher layers. This 
may occur through formal training or 
rotation across jobs. The difference be- 
tween both strategies is particularly 
clear when comparing the US and the 
UK on the one hand and, Japan and 
Germany on the other hand. In the for- 
mer, flexibility is mainly external71 
while, in the latter, human capital accu- 
mulation inside firms is an important 
factor and internal flexibility thus plays 
a crucial role? As we have seen, wage 
inequality has sharply increased in the 
UK and the US since the early 1980s, 
while it has only moderately increased 
in Japan, and has slightly fallen in 
Germany. A possible cause of these 
trends is the difference in the choices 
of these countries regarding employ- 
ment flexibility. More generally, we 
conjecture that flexibility strategies are 
important determinants of wage pat-
terns in that they condition the impact 
of organizational change upon wage 
inequality. 

71See Lisa Lynch (1993), Erika Groshen and 
David Levine (1998), and David Soskice (1993). 

72See Kauzo Koike (1988) and David Marsden 
(1990). 

3.5 Discussion 

We have seen in this section that 
growth and economic development do 
not necessarily entail a reduction in in- 
equality, as the recent experience of 
many OECD countries shows. Attempts 
to explain the increase in earnings in- 
equality have focussed on trade, techno- 
logical change and organizational 
change. All three factors are key com- 
ponents of the growth process and all of 
them have the effect of widening the 
earnings distribution. Nevertheless, our 
discussion implies that technological 
change is the most important factor, 
since both trade liberalization and or-
ganizational change only affect earnings 
inequality insofar as they are associated 
with technical change. 

We have argued in this section that 
the key influence of trade liberalization 
goes through imported material goods. 
In particular, recent evidence of a sub-
stitution between (imported) material 
inputs and unskilled labor across vari-
ous industries in Germany, has led us to 
suggest that by lowering the cost of pur- 
chasing physical input-or by improving 
the variety (or mix) of physical inputs- 
trade liberalization may well be partly 
responsible for the observed change in 
the direction of technical change to-
wards increasingly skill-demanding 
technologies. Such a change may occur 
in all sectors, including those that do 
not directly trade with the South but 
yet are substituting material input for 
unskilled labor. In this view, skill-bi-
ased technical change and trade liber- 
alization end up being complementary 
with the trade effect being carried over 
by technical change. 

Technical progress is by itself is a 
crucial source of inequality whenever it 
is not neutral, that is, if it affects differ- 
ently the productivity of the various 
types of labor. We have seen that in the 
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case of GPTs, the diffusion process gen- 
erates a rise and then a decrease in 
wage inequality, thus giving rise to a 
"temporary" Kuznets' curve during the 
transition from the old to the new GPT. 
We have also shown that, when embod- 
ied in capital vintages, technical prog- 
ress enhances within-cohort inequality, 
first because old technologies get obso- 
lete faster and second, because of a ris- 
ing gap between the rate of productivity 
growth and that of learning-by-doing. 
However, this "growth effect" on in-
equality may be reversed by education. 
If education increases workers' mobility 
between vintages, as the rate of techni- 
cal change rises more workers reallo-
cate to new vintages and the produc- 
tivity of those remaining on old lines 
increases, due to the existence of de- 
creasing returns. The overall impact on 
inequality will of course depend on the 
relative size of both effects. 

Finally, technical change also affects 
relative labor demands and wage in-
equality through its impact on organiza- 
tional change. More organic structures, 
characterized by horizontal communica- 
tion and task diversification, develop. 
Organizations become flatter and more 
homogenous with regard to skills. By 
fostering changes in workplace organi- 
zation that are themselves skill biased, 
technical change magnifies its direct 
impact upon the relative demand for 
skills. However, the impact of organiza- 
tional change on wage inequality is am- 
biguous. On the one hand, organic firms 
require multi-skilling, which increases 
the returns to skills. On the other hand, 
as decision rights are delegated down- 
stream, firm owners need to avoid 
moral hazard. One way to do so is to 
raise wages in lower rank occupations, 
which reduces in turn occupational 
wage differentials. The distributional 
impact of organizational change thus re- 
mains undecided and is highly sensitive 

to the type of flexibility (internal or ex- 
ternal) underlying human resources 
strategies. 

Overall, technological change appears 
both as the major source of economic 
growth and as the main vector through 
which the growth process is likely to af- 
fect the distribution of earnings. I t  is 
therefore at the core of the relationship 
from growth to inequality. However, 
the extent to which the growth process 
actually induces rising inequality de-
pends on the institutional charac-
teristics of each country. In particular, 
labor market institutions are crucial. 
Deunionization as well as a sharp de- 
crease in the minimum wage are found 
to have noticeably contributed to the 
rise in wage inequality in the US and 
the UK over the last decade.73 More 
generally, whether wage bargaining is 
centralized or not influences patterns of 
relative wages and unemployment rates 
across groups of workers with different 
skills.74 SO, the characteristics of labor 
market institutions may either magnify 
or dampen the impact of technological 
changes upon wage inequality. This sug- 
gests that, if greater equality is to be a 
target of economic policy, it has to be 
tackled directly, since market forces by 
themselves will, most likely, not do it 
all. 

4. Conclusions 

We have analyzed the relationship 
between inequality and economic 
growth from two directions. The first 
part of the survey has examined the ef- 
fect of inequality on growth, showing 

73See John DiNardo, Nicole Fortin, and 
Thomas Lemieux (1996), Fortin and Lemieux 
(1997) for the US, and Machin (1997) for the UK. 

74See Gottschalk and Smeeding (1997) for an 
extensive discussion of that point. Atkinson (1997) 
also discusses the role of labor market institutions 
when assessing the impact of forces other than 
supply and demand on wages. 
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that when capital markets are imper-
fect, there is not necessarily a trade-off 
between equity and efficiency. It there- 
fore provides a theoretical framework 
which explains two recent empirical 
findings, namely, the negative impact of 
inequality and the positive effect of re- 
distribution upon growth. In  the second 
part, we have analyzed several mecha- 
nisms whereby growth may increase 
wage inequality, both across and within 
education cohorts. Technical change, 
and in particular the implementation of 
"General Purpose Technologies," stands 
as a crucial factor in explaining the 
recent upsurge in wage inequality. 

Our analysis calls for further empiri- 
cal evidence. As far as the impact of in- 
equality on growth is concerned, the 
evidence arises mainly from cross-coun- 
try regressions. It is well known that 
these are subject to a number of limita- 
tions. A thorough test of the theories 
we have discussed would therefore re-
quire other types of evidence, such as 
time-series analysis and controlled ex-
periments that test the microeconomic 
foundations of our analysis. In particu- 
lar, experiments that increase the en-
dowment of less well-off individuals and 
follow their subsequent economic deci- 
sions would help us quantify the effect 
of credit market constraints upon the 
incentives to invest or exert effort and, 
by extension, upon growth. 

On the effect of growth on earnings 
inequality, the recent empirical litera- 
ture has focused on the experience of 
developed economies. However, the 
mechanisms we have explored may also 
be at work in less-developed countries. 
In these countries, trade liberalization 
is likely to have had conflicting effects 
on the distribution of earnings. On the 
one hand, standard trade theory implies 
that trade liberalization should result in 
a reduction in the skill premium. On 
the other hand, trade flows bring in new 

technologies and ideas that enhance the 
productivity of all workers, but espe-
cially that of skilled workers. Clearly, 
the notion of "skilled" and "unskilled" 
workers differs across countries. In less- 
developed economies, those at the top 
of the earnings distribution often have 
no more than a secondary degree. Yet, 
they have skills that will be enhanced by 
the arrival of new technologies, thus in- 
creasing their wage relative to that of 
uneducated workers. An empirical in- 
vestigation of the evolution and the de- 
terminants of income inequality in 
these countries stands as a question to 
be tackled. 

An important aspect of our analysis of 
biased technical change is that its effect 
on earnings inequality is nonlinear. In 
the case of disembodied technical 
change, the arrival of a new GPT in- 
creases the skill premium because of 
the high demand for skilled "experi-
mentation" labor during the first stages 
of social learning. The skill premium 
starts tapering off thereafter as most 
sectors have made the transition to the 
new GPT and the supply of skilled labor 
keeps increasing. Similarly, in the case 
of embodied technical change, the arri- 
val of a GPT would initially raise the 
transferability of knowledge (because of 
the generality of the current leading-
edge technology), hence increasing 
within-cohort wage inequality. This in- 
crease would halt once the new technol- 
ogy is so widely spread that all workers 
have had some experience with it. 
These two mechanisms thus tend to 
generate a kind of alternative Kuznets 
curve, with inequality first rising and 
then falling (or, in the case of within- 
cohort inequality, leveling) during the 
transition to a new technological para- 
digm. These theories would conse-
quently be validated by the data if we 
could observe a decrease in inequality 
fifteen or twenty years after the arrival 
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of the GPT. Some work is starting to be 
done with the most recent US data, which 
seems to point out a reduction in the 
skill premium since the mid 1990s. The 
crucial question for the next round of 
empirical research is, then, whether the 
increase in across- and within-cohorts 
inequality is beginning to slow down. 

The main policy implication that 
emerges from the first part of the sur- 
vey is that, when capital markets are im- 
perfect, there is scope for redistributive 
policies which are also growth-enhanc- 
ing. How to redistribute hence becomes 
a crucial issue. Given that capital mar- 
ket imperfections are at the root of the 
relationship between inequality and 
growth, transfers or subsidies to bor-
rowers are an important policy tool. 
This is particularly relevant in the case 
of investments in human capital. In-
creased access to education would also 
reduce inequalities between dynasties, 
as it would diminish the effect of family 
wealth upon individuals' investment 
possibilities, thereby increasing ex-ante 
equality. The question is whether it goes 
as far as reducing ex-post inequality. 

Once skill-biased technical change is 
taken into account, ex-post inequality 
may actually be increased by rising edu- 
cational levels. In the case of disembod- 
ied technical change, education does 
narrow the differential between skilled 
and unskilled workers and has therefore 
the direct effect of reducing wage in- 
equality. However, increasing the sup- 
ply of skills has a counteracting impact 
on wage inequality because it is itself a 
cause of skill-biased technical change. 
Had there not been an initial mass of 
skilled labor, the (nonlinear) implemen- 
tation of new GPTs and changes in the 
direction of technical change towards 
skill-demanding technologies would not 
have taken place. The long-run effect of 
a greater stock of educated labor is con- 
sequently ambiguous. When technical 

change is embodied in capital goods, 
the effect of education can again be to 
either increase or decrease wage in-
equality. On the one hand, education 
increases the mobility of workers across 
lines, helping them to catch up from old 
to new vintages, and thus reducing the 
variance of wages across workers with 
similar initial skills. On the other hand, 
education also increases the transfer-
ability of skills across lines, thereby en- 
hancing the comparative advantage of 
those workers who have the opportunity 
to reallocate quickly to leading-edge 
technologies. This means that even in 
the short run the impact of education 
on the dispersion of wages is ambiguous. 

The impact of skill-biased technical 
change on inequality may be somewhat 
mitigated by some aspects of organiza- 
tional change. In particular, policies 
aimed at enhancing internal labor mar- 
ket flexibility would increase firms' in- 
centives to train and promote their ex- 
isting workers (rather than competing 
in the hiring of already-trained workers) 
in response to technological change. 
This is likely to reduce the extent to 
which technological change increases 
the dispersion of wages. However, other 
aspects of organizational change, such 
as decentralization of decision making 
and skill segregation would have the op- 
posite effect. 

Overall, our discussion in this survey 
points to an important efficiency role 
for sustained redistribution. Indeed, as 
suggested by the second part of the sur- 
vey, a one-time reduction in after-tax 
inequality that would foster investment 
incentives and growth in the short run 
would result in a (maybe temporary) 
upsurge in inequality as a consequence 
of the accelerated technical progress it 
induces. In other words, the absence of 
a durable virtuous circle a la Kuznets 
calls for permanent redistribution poli- 
cies in order both to control the level of 
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inequality and to foster social mobility 
and growth. The details of how such 
policies should be designed and imple- 
mented constitute a whole research 
area still to be explored. 
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