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 EMPIRICAL KNOWLEDGE about income
 distribution has grown during the past

 two decades at a rate much greater than
 that of any other comparable period. The
 stock of information on individual incomes
 increased enormously with the appearance
 of the 1950 and 1960 Population Censuses
 and BLS Surveys of Consumer Expendi-
 tures, the periodic Current Population Sur-
 veys of the Census Bureau, and the Mich-
 igan Surveys of Consumer Finances, to men-
 tion only the most important sources. At the
 same time, high speed electronic computers
 made possible the processing and statistical
 analyses of these massive collections of in-
 dividual observations.

 While traditional and mainly speculative
 preoccupations with factor shares, ability
 vectors, and stochastic processes continued
 in evidence, the dominant form of research
 was empirical. A still modest but significant
 change in emphasis is emerging in recent
 empirical work: beyond the usual and nec-
 essary efforts to summarize, measure, and
 occasionally interpret the bewildering vari-
 eties of statistical frequency distributions of

 income, some of the new studies attempt
 multivariate statistical analysis of "causal"
 factors associated with size of individual in-
 come.

 Parallel conceptual developments are more
 general and more striking. Interest has
 shifted from the consumption function and
 its role in short-run fluctuations in income
 and employment to the production function
 as a key concept in the study of economic
 growth. The focus on income as a determin-
 ant of consumption behavior is giving way
 to an interest in income as a dependent vari-
 able. Thus the analysis of causes of income
 variation in the aggregate and among indi-
 viduals is returning to the mainstream of the-

 oretical and empirical research. One impres-
 sive outgrowth of this shift is the rapidly de-
 velQping literature on human capital. The
 human capital approach is intimately related
 to the study of income distribution: costs
 and returns to investments in human capital
 are measured in the first instance by earn-
 ings differentials. Consequently, there is a
 growing recognition of the importance of in-
 vestment in people as an underlying prin-
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 2 Journal of Economic Literature

 ciple in theoretical and empirical analysis of
 income distributions.

 This review concentrates largely on the
 emerging human capital approach to the
 analysis of personal income size distribution.
 This approach is no reflection on the actual
 or potential value of alternative approaches
 to the subject. Fortunately, the field of in-
 come size distribution is already blessed by a
 number of excellent surveys containing de-

 tailed summaries of past and recent work.
 The surveys usually appear as necessary
 background to the author's own contribu-
 tion and represent valiant efforts at an or-
 derly exposition of a field which lacks con-
 ceptual unity.' Since they contain rather full
 accounts of a wide spectrum of analyses and
 findings, however disparate and fragmen-
 tary, the present rather specialized expo-
 sition should be viewed as a complementary
 rather than competing effort. Nevertheless,
 the traditional interest in the role of chance,
 ability, and opportunity will not be ne-
 glected.

 In the distribution of income, as in all
 statistical distributions, the most dramatic
 cases are those at the tails. Some readers
 will be disappointed that no mention is made
 here of "the super-rich who own America"
 or of the many poor who are not even in the
 labor force. The present survey is limited to
 earnings of labor. Even within this narrow
 compass of the survey, a variety of topics
 are omitted. To the extent that the omis-
 sions cannot be blamed on the limitations
 of the literature, separate surveys are called
 for.

 The traditional approaches centering on
 differences in opportunity, ability, and
 chance, are briefly reviewed in the next few

 pages. This review serves both as contrast-
 ing and complementary background to the
 human capital approach. Following the in-

 troductory review, the survey is devoted to
 an exposition of the development and ap-
 plication of the human capital model as an
 instrument of analysis of income distribu-
 tion. The order of the exposition is both
 chronological and methodological. Starting
 with the simplest "schooling model" (sec-
 tion 1) which relates earnings to schooling
 we move to the more general formulation
 of the relation between earnings and human
 capital investments (section 2) of which
 schooling is only a part. Continuing invest-
 ments which follow the completion of school-
 ing and their effects on workirng life "earn-
 ings profiles" of individuals are the subject
 of special attention in section 3. The impli-
 cations of individual differences in self-in-
 vestments and in rates of return on them are
 individual differences in levels and shapes
 of earnings profiles. These implications, it
 is shown, can yield an understanding of the
 characteristic shapes and of comparative
 magnitudes of parameters of observed sta-
 tistical distributions of earnings in the ag-
 gregate and in component schooling and age
 groups. Following the review of such "qual-
 itative" analysis, section 4 describes econo-
 metric attempts to answer the question: how

 much of the observed inequality in earnings
 is attributable to individual differences in the
 sizes of human capital investments? The
 correlation between investments and earn-
 ings is interpreted in section 5 in terms of
 the interplay of factors which influence hu-
 man capital investment decisions. In the
 last few sections there is a discussion of dis-
 tinctions between long- and short-run income
 inequality, of transformations of personal
 into family distributions of earnings, and of
 some research agenda.

 Traditional Approaches

 In the literature which dates back to
 Ricardo, the major economic approach to

 1 The most thorough treatments are in Reder [51,
 1969], Bjerke [9, 1969], Lydall [35, 1968, Chapter 2]
 Schultz [56, 1965], and Kravis [82, 1962, Chapter 6].
 The monographs of Kravis, Bjerke, and Lydall are pro-
 ducts of original empirical research. They contain use-
 ful data and analyses of income distributions in the
 U.S. (Kravis), Denmark (Bjerke), and a set of inter-
 national comparisons (Lydall).
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 Mincer: Distribution of Labor Incomes 3

 income distribution is the functional or
 factor-share approach. In the past, this ap-
 proach was motivated by an identification
 of the trinity of factors of production with
 corresponding and distinct social classes. The
 approach continues to flourish in the liter-
 ature despite the blurring of such social
 class identifications and despite the recog-
 nition that under modern conditions the vari-
 ance in labor incomes is the dominant com-
 ponent of total income inequality. Remote
 links exist between the functional and the
 size distribution of total incomes, but this
 approach does not address itself to the dis-
 tribution of labor incomes.2

 To be sure, the heterogeneity of rewards
 to individual workers did not escape the at-
 tention of classical economists. Their com-
 ments are summed up in two famous prin-
 ciples: first, Smith's compensatory principle
 is conditional on the strength of competitive
 forces in the labor market. Labor mobility
 produces earnings differentials which tend to
 equalize "net advantages and disadvan-
 tages" of work. Second, Mill's and Cairnes'
 doctrine of "noncompeting groups" pro-
 claims in effect the absence of labor mobil-
 ity resulting in real income differences, pro-
 duced and perpetuated by socially, legally,
 and culturally imposed and inherited strat-
 ifications.

 A great deal of research on labor markets

 is directed toward the assessment of the rel-
 ative validity of the two principles. Though
 this research is abundant, as is the pas-
 sion surrounding it, it is often vague. In
 a recent summary, Reder [49, 1962] con-
 cludes that evidence favors the competitive
 hypothesis, at least insofar as long-run dif-
 ferences in average occupational and indus-
 trial wages are concerned. Wage differentials
 which compensate for differences in risk and
 in the cost of living have also been noted as
 illustrations of compensatory differentials.
 Indeed, Friedman [20, 1953] has shown that
 risk-taking behavior can produce an over-all
 pattern of income distribution which, like
 the observed distribution, is positively
 skewed and humped. Mincer [40, 1957 and
 41, 1958] has shown that a similar shape is
 likely to arise in consequence of compensa-
 tory differentials due to costs of occupational
 training. Some of the predictions of the com-
 pensatory principle are often rejected prima
 facie: on the whole, occupations in which
 work is more unpleasant and unstable com-
 mand lower, not higher wages. The costs of
 occupational training, however, can recon-
 cile these apparent contradictions. The rec-
 onciliation requires sufficiently large train-
 ing costs and a negative correlation between
 occupational skill and both unpleasantness
 and instability. Becker's theory of specific
 training [3, 1964] provides a possible expla-
 nation of the latter. In occupations requir-
 ing similar training costs, compensatory dif-
 ferentials are more clearly observable.

 The doctrine of noncompeting groups is
 rarely accepted in the extreme form enun-

 ciated by Mill. It usually denotes a recog-
 nition of the importance of "institutionally"
 determined inequalities of opportunity. In
 its moderate versions this doctrine has had
 many adherents, but it has not produced
 any cumulative theoretical developments in
 the analysis of income distribution. It did
 contribute, however, by its emphasis on a
 variety of environmental factors, to a prag-
 matic statistical approach. In this spirit,

 2 Half a century ago Dalton [17, 19201 complained
 that the emphasis of economists on the functional dis-
 tribution of income in effect largely relegates the per-
 sonal distribution of incomes, "a problem of more di-
 rect and obvious interest", to the status of a residual to
 be studied if at all, "by plodding statistical investiga-
 tions, which professors of economic theory were content
 to leave to lesser men".

 Garvy [24, 1952], who quoted Dalton several decades
 later, saw little progress in the meantime: he points out
 that the American Economic Association's volume on
 Readings in the Theory of Income Distribution (1946)
 contains only one article on income size distribution
 [11, Bowman, 1945].

 Garvy's remark can now be updated with reference
 to the International Economic Association's recent
 volume on The Distribution of National Income (1968).
 It contains only one paper excluisively devoted to the
 analysis of income size distribution [50, Reder, 1968].
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 4 Journal of Economtic Literature

 such "institutional" or "demographic" fac-
 tors as sex, age, occupation, education, lo-
 cation, and parental wealth have become

 objects of multivariate analyses of statistical
 associations with individual income differ-
 ences [1, Adams, 1958; 30, Hill, 1959; Morgan
 et al., 47, 1962]. It is true, of course, that
 without the guide of a theoretical framework,
 the statistical formulations and the inter-
 pretations attached to them are often in-
 secure and ambiguous. Nevertheless, they are
 a welcome departure from the largely spec-
 ulative, single-factor theories that have tra-
 ditionally competed for attention in this
 field.

 According to Stigler [58, 19661, "the major
 modern noncompetitive force on wages is
 the labor union." Specialized research on
 union wage effects is voluminous3 but rarely
 related to the overall pattern of income dis-
 tribution. On this question Rees [52, 1962]
 concludes that "unions have probably
 raised many higher income workers from
 above the middle to a position closer to the
 top of the income distribution." While this
 effect is not clearly described as an increase
 or decrease inTthe equality of the income
 distribution,%"it seems closer to the latter
 than to the former."

 One version of "noncompeting groups"
 which has been elevated to a theory of in-
 come distribution is the view that worker
 differences in productivity, and hence in
 earnings, are due to differential abilities.
 Starting with Galton [23, 1869] this idea has
 fascinated geneticists, psychologists, stat-
 isticians, and economists. Referring to the
 alleged normal distribution of intelligence,
 Pigou (1920) dramatized the issue by posing
 the question: if capacities are normally dis-
 tributed, why is this not true of earnings?

 One answer, stated by Reder [50, 1968],
 is that the distribution of capacities is not
 the same as the distribution of marginal
 productivities. The transformation of the

 former into the latter depends on cooper-
 ating factors and on the form of the pro-
 duction function of services which these ca-

 pacities help to produce. Another response
 is to question any arbitrary definition of
 relevant abilities, to the point of denying

 the possibility of measuring earning capac-
 ity independently of earnings.

 Indeed, recent research is now attempting
 to infer the distribution of abilities from the
 distribution of earnings. And because vari-
 ables such as education, age, and location
 also affect earnings, the distribution of abil-
 ities are studied in earnings distributions of
 homogeneous groups of workers [54, Roy,
 1950; 9, Bjerke, 1969]. Thus the relevance
 of ability theories is reduced to residual vari-

 ations in income distribution, after the sys-
 tematic factors have been netted out. This
 orientation is, however, too narrow because
 it ignores the interaction between ability and

 the systematic variables. A possible link is
 restored on theoretical grounds in Becker's
 recent formulation of the human capital

 model [4, 1967]. But in this formulation, to
 be discussed later, the role of abilities is
 neither exclusive nor dominant.

 Mathematical Models of
 Chance and Ability

 It may seem paradoxical that one of the
 most popular approaches to the analysis of
 income distribution singles out residual vari-
 ation, or "chance," as the principal source
 of income inequality. Actually the "chance"
 factor is not conceived as a residual, but as
 a substitute for, or net effect of all kinds of
 causes which are too numerous and obscure
 to be treated explicitly. This is the standard
 rationale of applied probability models. As
 we are increasing our insights into the sub-
 ject, the need for such models is decreasing
 together with the size of the residual vari-
 ation which is left over.

 The basic stochastic model dates back to
 Gibrat [25, 1931]: starting with some initial
 distribution, individuals are subjected to the

 I For a basic reference and analysis see HI. G. Lewis
 [34, 19631.
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 Mincer: Distribution of Labor Incomes

 play of "chance." If they experience in-
 creases or decreases in income unrelated to

 income levels, the central limit theorem guar-
 antees that, in time, the distribution of in-
 come will approach normality, regardless of
 the form of the initial distribution. If this

 specification of "random shock" applies to
 percentage rather than absolute changes, the
 process converges to a log-normal distribu-
 tion. The latter has been observed to fit ag-
 gregate distributions of income better than
 the normal distribution, hence the name
 "law of proportionate effect."

 The model recently received a number
 of interesting elaborations: Champernowne
 [14, 1953] has shown that when certain as-
 sumptions are introduced about the distri-
 bution of the proportionate random shock,
 the income distribution converges to a
 Pareto distribution.

 Aitchison and Brown [2, 1957] have shown
 that even if the law of proportionate effect
 produced a log-normal distribution only
 within homogeneous subgroups ("trades"),
 the aggregate distribution would remain
 log-normal so long as variances in the com-
 ponent distributions are of the same size and
 the means of the components are log-norm-
 ally distributed.

 Since income at any time is portrayed as
 a sum of uncorrelated random shocks in all

 previous periods, the implication of these
 models is that the variance of income must

 grow over time.4 Yet empirical observations
 of aggregate income inequality remain rel-
 atively stable. In his model, Rutherford [55,
 1955] turns this apparent defect into a vir-
 tue. He applies the random shock to age co-
 horts. The income variance must increase

 with age for each age cohort, but given a
 relatively stable age distribution, the ag-

 4 If Y is income and E, the "random shock,"

 Yt = Yo + E
 i=1

 and oa(Yt) a2(Yo) +to(E), assuming a2(Ei) same for
 all i.

 gregate variance does not change much.
 Rutherford also observes that the observed

 distributions do not fit the log-normal dis-
 tribution very well: a graph of the cumula-
 tive distribution on log-normal probability
 paper is more akin to an S-curve (the dis-
 tribution is "leptokurtic") than to a straight
 line. This, Rutherford shows, will result from
 aggregation when population frequencies de-
 cline with age (exponentially in his formu-
 lation). If, in addition, income grows with
 age, the implied positive correlation between
 means and variances by age groups will im-
 part (additional) positive skewness to the
 aggregate.5 Among the several stochastic
 models, Rutherford's is the richest in em-
 pirical predictions, providing a standard
 which a substantive economic model should
 match.

 Mandelbrot [36, 1960] substitutes an ad-
 ditive process for the multiplicative (pro-
 portionate) random shock. He notes that the
 characteristic shape of the aggregate income
 distribution remains similar when the em-

 pirical definition of income is varied (wages
 and salaries, self-employment, taxable in-
 come, etc.). If the differences in the defini-
 tions of income are due to alternative inclu-

 sions or exclusions of additive components,
 this is precisely the condition under which a
 Pareto-Levy distribution arises. This dis-
 tribution is rather realistic: two-tailed, pos-
 itively skewed, with a Pareto upper tail.
 Mathematically, the result is generated by
 the repeated application of a weighted sum
 of independent random elements.

 In a subsequent paper, Mandelbrot (1962),
 provides another interpretation of such a
 process. Abilities can be factor-analytically
 represented as weighted sums of uncorre-
 lated components. The distribution of weights
 determines the specific mathematical func-
 tion within the general family of distribution
 functions. The effective distributions are in

 6 Such a correlation in subsets of a distribution is
 easily visualized as stretching the right tail of the
 distribution.
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 turn produced by a selection process, in
 which component abilities required by par-
 ticular jobs are matched with abilities that
 different individuals will supply in combina-
 tions reflecting their comparative advan-
 tage.8

 The alternative application of the same
 mathematical argument to stochastic and
 to ability models is not new. It was, in fact,
 the way ability theorists tried to find an
 answer to Pigou's question of whether a

 skewed distribution of earnings can be as-
 sociated with an allegedly normal distribu-
 tion of abilities. The argument, originating
 with Boissevain [10, 1939], runs as follows:
 earnings are proportional to ability. But
 ability is a multi-dimensional concept. If
 component abilities combine multiplica-
 tively, as "random shock" does in stochas-
 tic models, the resulting implications are:
 symmetric distributions of component abil-
 ities produce positively skewed aggregates,
 hence earnings. If the component abilities
 are positively intercorrelated, skewness is
 augmented. And if the variances of the com-
 ponents are unequal, humpedness (leptokur-

 tosis) will result [54, Roy, 19501.
 Roy studied distributions of physical out-

 put (piecework) in samples of homogeneous
 workers. Results were mixed, though pos-
 itive skewness was encountered more often
 than symmetry or negative skewness. Sim-
 ilar results were found for wages of homo-
 geneous groups of workers by Bjerke [9,
 1969].

 Lydall [35, 19681 argues that if the ran-
 dom shock models are accepted, ability
 models must be applied only to new en-
 trants into the labor force. Lydall accepts
 the view of ability as a multiplicative com-
 bination of components, but rejects the
 "random shock" hypotheses. He replaces

 the latter by psychological findings to the
 effect that abilities and their variances grow
 with age-at least up to middle age. There-
 after, levels decline, though variances do not.
 The empirical implications are clearly sim-
 ilar to Rutherford's and quite realistic. But
 Lydall's restoration of ability from the more
 modest residual role assigned to it by Roy
 and Bjerke to a dominant place in the over-
 all distribution verges on the tautological:
 stating facts about distributions of produc-

 tivities comes dangerously close to stating

 facts about distributions of earnings. Both
 sets of facts require explanation.

 The attention paid to the mathematical
 random shock and ability models is perhaps
 undeserved. The models seem rather super-
 ficial in focusing on an unexplained category
 and in the single-minded objective of the-
 oretically reproducing a presumed math-
 ematical form of the aggregative distribu-
 tion. Still, an acquaintance with these models
 may be useful. Residual distributions may
 be best treated in a probabilistic fashion.
 More instructive is the explicit treatment
 and the demonstrated flexibility of the math-
 ematical structure of the arguments. As we
 shall see, similar structures reappear in very

 different substanti've models, thereby as-
 suring at least as much explanatory power
 as the just described models are capable of
 producing.

 The Human Capital Approach

 1. THE SCHOOLING MODEL. Common to
 the mathematical models described in the
 previous section is the view that the distri-
 bution of earnings is unaffected by individ-
 ual choice. The exogenous variables have
 economic effects, but do not pertain to eco-
 nomic behavior.

 In contrast, human capital models single
 out individual investment behavior as a
 basic factor in the heterogeneity of labor
 incomes. Indeed, the first model of this kind

 [40 and 41, Mincer, 1957 and 1958] starts
 by assuming a complete absence of environ-

 o This rough sketch does not do justice to Mandel-
 brot's sophisticated analysis. His approach, incidentally,
 represents a solution to a scheme of income distribution
 proposed by Tinbergen [60, 19561. For a more detailed
 discussion see Bjerke [9, 1969].
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 AMincer: Distribution of Labor Incomes 7

 mental inequalities. These assumptions are
 not inherent in the human capital approach
 and have been relaxed. They were initially

 imposed in order to reveal the effects of in-
 dividual choice unhindered by the non-com-
 petitive forces which are so prominent in

 the traditional literature.
 The model takes the length of training

 as the basic source of heterogeneity of labor

 incomes. Training raises productivity, but
 the time spent in training necessitates post-
 ponement of earnings to a later age. Indi-
 viduals undertake various amounts of train-
 ing in the expectation that their occupa-
 tional incomes in the future will be suffi-

 ciently large to compensate for the cost of
 training. For simplicity, the cost of training
 is restricted to foregone earnings, the dom-
 inant component of private training costs.
 In a competitive equilibrium, the distribu-

 tion of earnings is such that the present val-
 ues of future earnings, discounted at the
 market rate of interest are equalized at the
 time training begins.

 The model is formulated in terms of train-
 ing periods which are completed before earn-
 ings begin. It, therefore, applies strictly to

 schooling rather than to all occupational
 training. Assume that no further invest-
 ments in human capital are undertaken by
 individuals after completion of their school-
 ing, and that the flow of their earnings is
 constant throughout their working lives.
 Then, the equalization of present values of

 earnings for individuals with si and 32 years
 of schooling, and with n1 and n2 years of
 working life, results in the following ratio
 of annual earnings:'

 E,, er81(1 -erl
 (1) k2,1=-E 2-er(l - e-rn=)

 E1e-r82(l - er2

 Here r stands for the market discount
 rate or for the internal rate of return on the
 differential investment which it must equal,
 E is annual earnings, and e is the base of
 natural logarithms. If n1 and n2 are large,
 k approaches the value er(82-81). More com-

 pactly, putting 2 =s, si =0, k.. er8. Alter-
 natively, when n1 = n2 = n, regardless of the
 length of working life, k8 etr, exactly. These
 formulations, incidentally, highlight the
 principle that it is not the shorter pay-off
 period of the more educated, but the post-
 ponement of earnings that is the basic cause
 of differentials in earnings. Empirically, both
 formulations are roughly correct,8 so that
 (1) can be written:

 (la) lg E8-lg Eo + rs

 If the competitive assumptions are re-
 laxed, internal rates of return cannot be
 equated with the market rate of interest
 and generally differ among individuals.

 (la) can remain serviceable, however, with
 r interpreted as a group average internal rate
 of return on schooling, while individual dif-
 ferences in r and in lg Eo are impounded in a
 statistical residual.

 Relation (1) makes percentage differen-
 tials in earnings a linear function of time
 spent at school. This transformation is one
 source of the tendency toward positive skew-
 ness in the distribution of earnings: for a
 symmetric distribution of years of schooling
 would imply a positively skewed distribu-
 tion of earnings. Indeed, unless the distri-
 bution of schooling is highly negatively
 skewed, a positive skew will be imparted
 to the distribution of earnings.9

 Relation (1) also implies that relative dis-

 I Using continuous discounting, the present value for
 s and n is:

 V. =E, J ertdt = + E.e'(1-e)
 k1 iobandbeutn Vr

 k2, 1 is obtained by equating V,82=-V.,

 8 Recent data suggest that the differences in lengths
 of working lives are rather small.
 9 Positive skewness in earnings obtains so long as

 1 - u < rdi,
 di

 where d is the interval (in years) between the median
 and a symmetric percentile (u-upper, I-lower)
 [45, Mincer, 19691.
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 persion and skewness in the distribution of
 earnings are greater the larger the absolute
 dispersion in the distribution of schooling.
 Earnings inequality and skewness are also
 greater the higher the rate of return.'0 If
 for example, barriers to investment in school-
 ing produce a higher rate of return to school-
 ing, greater inequality will result.

 The model does not predict the shape of
 the distribution of schooling. Empirical
 schooling distributions are more likely to
 be positively skewed when the average level
 of schooling is low. In the United States the
 distribution has even become negatively
 skewed in the most recent cohorts, though
 not in the aggregate. Even in the recent co-
 horts, the negative skewness in schooling is
 not sufficient to create a negatively skewed
 distribution of earnings.

 Chiswick [15, 1967] applied model (la) to
 a comparative analysis of income inequality
 among different regions in the U. S. and a
 few other countries. Regressions of (log)
 earnings of males over 25 years of age on
 their schooling in each of the regions do,
 indeed, show that inequality (variance of
 logs) and skewness (measured by the third
 moment in the distribution of log-earnings)
 are larger the greater the variance in the
 distribution of schooling and the higher the
 rate of return as estimated by the size of
 the regression slope in (la). These factors
 jointly explain over a third of the differences
 in inequality among regions, and the rate of
 retu-rn is apparently the more important
 factor. Lydall [35, 1968], who did not em-
 ploy the rate of return as an explicit vari-
 able, also found that the dispersion in the
 distribution of schooling is a significant fac-
 tor in explaining differences in the inequality
 of employment incomes within a wider set
 of countries.

 Within a region, however, the explanatory
 power of the schooling model is quite low,

 Ws running a little over 10% in the various
 states in 1959, and less than 10% in the re-
 gression based on individual observations of
 the 1960 Census 1:1,000 sample." Moreover,
 the regression slope which serves as an es-
 timate of the rate of return to investment
 in schooling is from a half to two thirds the
 size of the rates of return calculated directly
 [cf. 29, Hansen, 1963; 3, Becker, 1964;
 28, Hanoch, 1965]. Evidently, the residuals
 in that regression are very large and related
 to the schooling variable. That is to say, the
 schooling model, which says something
 about differences in earnings among school-
 ing groups, is a rather blunt instrument
 when applied to the whole distribution of
 individual earnings.

 Equation (la) was applied by Lydall
 [35, 1968] and Mincer [45, 1969] to grouped
 data (mean earnings of males classified
 by schooling). Logs of earnings yield a bet-
 ter fit than dollar earnings.'2 The slope re-
 mains low as in Chiswick's regressions. How-
 ever, when average earnings of all individuals
 in a schooling group are replaced by earnings
 of individuals who have the same amount
 of labor force experience, measured by years
 elapsed since completion of Schooling,13 not
 only does the statistical fit improve, but the
 slope rises to a level within the range of the
 rates of return directly estimated.

 e. Tim GxNR3RAL EARNINGs F-UNCTION.
 The need to incorporate post-school invest-
 ments, such as "experience" into the earn-
 ings model is evident. Developments in that
 direction were facilitated by Becker's [3,
 1964] formulation of a general earnings func-
 tion within the context of a comprehensive
 theory of investment in human capital. Earn-

 10 This is apparent by taking variances across indi-
 viduals in eq. (la) and by varying r in the expression in
 note 9.

 11 The state M2s are higher partly because they are
 derived from data grouped by income brackets.

 12 An error crept into Lydall's test. While the equa-
 tin (p. 90) properly relates loggearnmgs to years of
 schooling, the statistical test (p. 95) relates log-earnings
 to logs of years of schooling. The proper form is,
 therefore, mistakenly rejected.

 13 Standardization by age improves the regressions
 only slightly [15, Chiswick, 19671.
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 Mincer: Distribution of Labor Incomes 9

 ings of individual i in period j is expressed as
 a sum of the returns on all his previous net
 investments and the earnings from his "origi-
 nal" endowment [3, equation 33]. Earnings
 are "gross" if current investments are in-
 cluded in the concept, "net" if not included.
 The gross earnings function is:

 1i-

 (2a) Eii = Xji + E rtiCti
 t=O

 and the net earnings function:

 i-1

 (2b) Yri = Xji + E r -iC i-Cji
 t=O

 Here C,i are net investment costs of per-
 son i in period j and Xji is the "raw" earn-
 ings stream that would obtain without in-
 vestments. An additional subscript may be
 added if it is desired to distinguish between
 different forms of investments (e.g., train-
 ing, migration, recreation). The average rate
 of return may differ among persons, periods,
 and investments.

 The schooling model (la) can be shown to
 be a special case of (2): if investments are
 restricted to time costs of schooling: (Ct
 =Et)., if the rate of return is the same in all
 periods and for all individuals, (rti= r), and
 if X,i= E, is fixed and the same for all. Sub-
 stituting in (2b):

 l

 (lb) Ej,>8 = Eo + r E Et-, = Eo(1 + r)
 t-1

 This is the discrete form of equation (la).
 The general implication of equations (2)

 is that the distribution of earnings depends
 not only on the distribution of investment
 costs Ci, but also on the distribution of the
 rates of return ri, and the correlation be-
 tween these parameters. The distribution of
 original capacities Xi is also relevant, but
 we take these as given. For fixed X and r, the
 distribution of earnings would be of the
 exact same form as the distribution of in-
 vestment costs, while for fixed X and C,
 earnings would vary as does ri, which can in

 that case be interpreted as an index of "abil-
 ity." Several specific conclusions are:

 1. Even if rates of return ri and invest-
 ment costs Ci were symmetric and uncor-
 related, the distribution of earnings, at least
 insofar as the component of returns rZC is
 concerned, would be positively skewed-
 another application of a multiplicative math-
 ematical structure, familiar from the models
 of ability and chance. The skewness would
 be strengthened, if a positive correlation
 between ri and Ci can be assumed.

 2. Consequently, the larger the accum-

 ulated human capital component rjC in
 earnings, the more skewed is the distribution
 of earnings likely to be. Thus skilled workers
 are expected to have a more skewed earnings
 distribution than unskilled workers.

 3. During the investment period, defined
 by positive net investments, the subtraction
 of current investment costs Cj in (2b) weakens
 the importance of r1C, more so at younger

 than at older ages, since rEC cumulates
 with age. Positive skewness, therefore, in-
 creases with age.

 Though empirically confirmed, these im-
 plications are theoretically conditional on
 a zero or positive correlation14 between ri and
 Ci. It is tempting to postulate a positive
 correlation between the two, based on the
 greater incentive to invest of more able
 people. Becker's later work [4, 19671, how-
 ever, suggests that the correlation across
 individuals is not necessarily positive, though
 it would be under conditions of equality of
 opportunity, as he defines it.

 4. Compared to the special case (la), the
 implications about earnings inequality are
 now broadened to include the effects of
 average levels of investment and dispersion
 in rates of return among individuals. Chis-
 wick [16, 1968] illustrates these effects
 when he introduces dispersion in r in the
 schooling model, while assuming no correla-

 14 Strictly speaking, a small negative correlation need
 not be ruled out. Also, the term X,i and its correlation
 with the other terms of (2b) are disregarded.
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 tion between rates of return ri and years of
 schooling si: From Ig Ei=lg E,+risi, it
 follows15 that:

 (3) a(2g Ei) = r2a2(s) + s2a2(r)

 + a2(s)a2(r)

 In other words, inequality in earnings is
 large not only when r and o(s) are large, as
 we have already learned, but also when a(r)
 and the average level of schooling s are
 large.

 Several recent studies have found a nega-
 tive correlation between average income and
 income inequality by states in the U. S., and
 between average levels of schooling s and
 income inequality. Chiswick [16, 1968] shows
 that this is no contradiction of (3): the par-
 tial correlation is positive, once r and a(s)
 are held constant.l6

 Note that in (3),

 a2(lg E) = s22(r), for fixed s,

 and

 a2(lg E) = f2a2(s), for fixed r.

 If ri can be taken as an index of individual
 ability, the interpretation is: (a) individual
 differences in ability create greater relative
 (and absolute) differences in earnings at
 higher levels of schooling, and (b) differences
 in schooling create greater differences in
 earnings at higher levels of ability.

 3. THE LIFE CYCLE OF EARNINGS: OPTIMIZ-
 ATION, AND LEVELS OF EARNINGS BY SCHOOL-

 ING AND AGE. Variation of earnings over the
 life cycle is an important source of income
 inequality. This variation was disregarded
 in the schooling model, but it can be analyzed
 by means of earnings function (2): A specifi-
 cation of changes in Cti over the life cycle
 traces out the "age profile" of earnings of
 individual i.

 5 By a theorem of L. Goodman (1960).
 16 Of course, this finding does not explain the nega-

 tive correlation between level and inequality of income
 by region. Chiswick [16, 19683 provides some interesting
 conjectures on this matter.

 Generally speaking, the fact that age-
 earnings profiles slope upward over a large
 part of the life cycle is a consequence of the
 tendency to invest in human capital at young
 ages. According to Becker [3 and 4, 1964 and
 1967] this tendency is due to the following
 incentives: 1) with finite lifetimes, later in-
 vestments produce returns over a shorter
 period, so total benefits are smaller; 2) to the
 extent that investments in human capital
 are profitable, their postponement reduces
 the present value of net gains; and 3) a
 person's time is an important input in his
 investment, but the consequence of human
 capital accumulation is an increase in the
 value of his time. Investments at later

 periods are more costly, because foregone
 earnings (per hour) increase. The incentive
 to shift from learning to earning activities
 follows, except in the special or temporary
 cases when productivity in learning grows as
 fast or faster than productivity in earning.

 Should we then not expect an early and
 quick accumulation of all the desired human
 capital even before individuals begin their
 working life? The answer of human capital
 theory to this question is twofold. Invest-
 ments are spread out over time, because the
 marginal cost curve of producing them is
 upward sloping within each period. They
 decline over time both because marginal
 benefits decline and because the marginal
 cost curve shifts upward.

 Specifically, the argument [6, Ben-Porath,
 1967; 4, Becker, 1967] visualizes the indi-
 viduals as firms which produce additions
 (Q) to their own human capital stock (H),
 by combining their human capital with their
 own time (T) and with other market re-
 sources (R) in a production function:

 (3)  Q =f(H, T, R)

 Attempts to increase Q within a given
 period run into diminishing returns: Costs
 rise with the speed of production. Thus the
 marginal cost curve in Fig. 1 is upward slop-
 ing:

 10
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 Figure 1

 The marginal revenue of adding a unit of
 Q to the capital stock is the discounted flow
 of future increases in earning power. For
 reasons indicated, the benefits of later in-
 vestments decline. The MR curve slides
 downward with increasing age, tracing out

 a declining pattern of investment over the
 life cycle.

 The decline is reinforced if MC shifts to
 the left with increasing age. As already men-
 tioned, this is not a logical necessity, but will
 happen if the increasing cost of time-greater
 earning power in the market-is not matched
 by increased efficiency of the larger stock in
 producing additional human capital. A re-

 cent attempt by Ben-Porath [7, 19681 to test
 this "neutrality" empirically, suggests that
 investments decline over the life-cycle faster
 than would be predicted by the mere down-
 ward slide of MR on a fixed MC in Fig. 1.

 Investments, however, need not decline
 throughout the life-cycle. Ben-Porath [6,
 19671 has shown that the optimization pro-
 cess may lead to an increase in investment
 during the early stages, because of "corner
 solutions": The initial stock (H) may be so
 small that even an input of all the available
 time, other resources not being highly sub-
 stitutable, produces less than the optimal
 amount of output. As the stock increases,
 investment output will increase for a while
 until optimum is reached with an input of
 less than the total available time. At this

 point investments and time devoted to them
 begin to decline. The initial period of com-
 plete specialization in the production of hu-
 man capital may be identified with the
 period of schooling, though more rigorously

 by the absence of earnings.
 The optimization process described above

 applies explicitly [6, Ben-Porath, 19671 to
 gross investments in human capital. Note,
 however, that the predicted decline in gross

 investment applies a fortiori to net invest-
 ment, if depreciation increases with age. This
 would be true, even if the depreciation rate

 were constant.

 The implications of this analysis for age
 variations in earnings can now be spelled out
 in terms of earnings model (2):

 dEj
 (4a) '=rjCj > O, when Cj > O,

 di

 and

 d2EJ dCj dC;
 (5a) - = r,-- <O0, since-< 0.

 di, d, d

 The simplifying assumptions here are:

 -d=0 , and --0.
 di dj

 Their relaxation is not likely to change the

 conclusions.'7 Gross earnings slope upward
 in a concave fashion during the post-school
 net investment period after labor force ac-
 tivities begin to dominate. The profile of net
 earnings, which is better approximated by
 observed earnings, has a steeper slope, and
 peaks and declines somewhat later than gross
 earnings.18 Its shape is also concave-at
 least eventually.

 Fig. 2 indicates the shapes of gross earn-

 ings E, and of net earnings Yj during the

 17 Cf. note 24 for empirical statements about the
 constancy of Xi throughout most of the working life.

 " From (2b):

 d Yi dCj , dE,
 dj dj dj
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 Earnings
 yr 1r4

 0o - I I
 j i P Years of Work Experience

 Figure 2. Earnings Profiles

 post-school investment period OP. j is the
 year of "overtaking" when Yr= Y8, earnings
 obtainable without post-school investment.

 With the same initial earnings capacity,
 individuals who invest more have steeper
 slopes, at time j, than those who invest less,
 provided their average rate of return r is not
 excessively smaller. This is the basic expla-
 nation for the fanning out of earnings profiles
 with age and for increases of variances of
 earnings with age, so long as individuals with
 different investments in human capital com-
 prise the earnings distribution.'9 This con-
 clusion holds strictly for gross earnings. Net
 earnings would initially be lower for those
 who invest more, later surpassing those of
 the smaller investors. The variance of ob-
 served earnings might, therefore, initially
 decline with age. However, the time (j) it
 would take for a trained person to overtake
 an untrained is rather short:

 Let Yi,= Xj, and

 X-1

 -A = X, + r, E - Cy
 iTw O

 Then Y,.,= Yj2, when

 rj E C-Ci = O, or *i =r

 0

 If Cj were all the same, the time of over-
 taking j-1/r,. Since C,-i < C, 3< llr, less
 than a decade, if r= 10%.

 Although reversals of dollar variances have
 not been observed, they have been observed
 in relative variances [47, Morgan, 1962; 45,
 Mincer 1969]. The analysis of relative vari-
 ances suggests that attention be paid to
 logarithmic rather than to dollar profiles of
 earnings. A logarithmic version of the earn-
 ings function (2) was used in the special case
 of the schooling model (la). This model can
 be expanded to cover post-school invest-
 ments by means of the following device [5,
 Becker and Chiswick, 1966]: Let k1 be the

 ratio of investment costs Cy to gross earnings
 E, in period j. This ratio can be viewed as
 the fraction of time (or a "time equivalent,"
 if investment costs include direct outlays as
 well as time costs) the worker devotes to the
 improvement of his earning power. His net
 earnings in year j are, therefore, smaller by
 this fraction than they would be if he did not
 invest during that year.

 C,= k,E, and Es-Ej,.1 + rC,l

 -E-_,(l + rkj-,)

 By recursion, therefore:

 $-1

 E} = Eo II (1 + riki)
 i=o

 and, assuming k< 1, r relatively small, this
 can be expressed:

 ;-1

 (6) lg B, = lg Eo + rik
 i-O

 Since net earnings Yj = Ej(l-kj):
 J-I

 (6b) lg Y, = Ig Eo + E riki + lg(1 - k)
 i-O

 Assuming, as in the schooling model that
 19 Assuming that the ranking of investments across

 individuals is roughly the same in the different periods.

This content downloaded from 
�������������193.54.67.95 on Sat, 03 Apr 2021 14:49:30 UTC�������������� 

All use subject to https://about.jstor.org/terms



 Mincer: Distribution of Labor Incomes 13

 ki 1 during the school years:

 j-l

 (6c) Ig Ej lg Eo + rs + E riki

 Let

 j-l

 Pj= S kz

 the cumulative "time" expended on the

 post-school investments and assume rj the
 same for all j. Then:

 (6d) lg Ej = lg Eo + rs + rjPj

 If r8 = rj, this last expression is basically
 the same as the schooling model (la). The

 total "time" spent investing (s+Pj) replaces
 the time spent in schooling (s), and (Pj) is the
 number of "years" devoted to net post-
 school investments.20

 The shape of the logarithmic earn'ings pro-

 file is upward sloping, as long as kj> 0 and
 concave, a fortiori, if the dollar profile is
 upward sloping and concave. If individuals
 who accumulate more human capital spend
 more time accumulating it, logarithmic age
 profiles also fan out and produce the ob-
 served increase of log-variance with age. If
 years of schooling are viewed as indicators
 of total "time" an individual intends to in-
 vest over his lifetime, age-profiles of upper
 schooling groups will typically grow faster,
 percentagewise, than those of lower school-
 ing groups, in given age intervals.

 Summing up the implications: 1) at given
 ages, earnings profiles grow faster (in dollars
 and percentages) at higher levels of human
 capital investments; 2) dollar and log-vari-
 ances of earnings increase with age. These
 implications have been repeatedly verified
 in empirical studies [32, Kravis, 1962; 35,
 Lydall, 1968; 40 Mincer, 1957; 47, Morgan,
 19621.

 The special assumptions and some addi-
 tional implications of the human capital
 model which underlie the preceding discus-

 sion can be clarified by the following dia-
 gram:

 Investment
 Ratio

 I Ap

 1 i I 1 P

 Figure 3

 In Fig. 3 I is gross investment in human
 capital measured as a fraction of obtainable
 earnings, and D is the fraction by which such
 eamings are diminished as a result of depre-
 ciation. The net investment fraction is k
 = I-Df, at each age. If retirement were com-
 pulsory and investment had no effect on
 non-market productivities, gross investment
 would terminate at retirement age. Other-
 wise, as is assumed in the diagram, gross
 investment remains positive throughout the
 expected life span. Retirement here can be
 viewed as endogenous, its timing being re-
 lated to the decline in earning power, that is
 to the time at which depreciation outstrips
 gross investment.2"

 Depreciation is portrayed as a function of
 age, initially negative (appreciation), rising

 20 If on-the-job training is the bulk of it, this formu-
 lation provides a method of measuring on-the-job
 training in the same time units as schooling. In [44,
 MIincer, 19629 all net post-school investments were
 interpreted as on-the-job training.

 21 For this to be valid, the substitution effect must
 dominate in the relevant supply of labor function. Cf.
 Lewis [83, 19571. At a deeper level, the lifespan itself is
 endogenous, since it can be lengthened by investment.
 An illuminating analysis of this problem is contained in
 Grossman [27, 1969].
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 slowly and accelerating at later ages. The
 diagram shows age profiles of investment of
 two individuals: Assuming the same life span,
 it is plausible that I2>1I at each age. Con-
 sequently, net investment k2> ki at each age.
 The empirical implication, it will be recalled,
 is that earnings of the larger investor grow
 faster, relatively and absolutely, at given
 ages. An additional implication shown by the
 diagram is that earnings of the larger in-
 vestor decline later in life: the more educated
 retire at a somewhat older age, though they
 do not necessarily have a longer working life,
 since it begins after a longer schooling period.

 In the diagram the schooling period 82>81,
 and this is an indication that total "time"
 invested of individual (2) is larger. It does
 not follow, however, that individuals who
 have more schooling also spend more "time"
 in post-school investment. In the special case
 of parallel investment profiles illustrated in
 the diagram, the larger investor spends no
 more "time" in post-school investment than
 the smaller investor. If the investment ratio
 of the larger investor declines faster, the
 smaller investor may experience faster grow-
 ing earnings in the age interval S1Pj than the
 larger investor does in the corresponding age
 interval S2P2. But so long as the age-invest-

 ment profile I2 is above I,, dollar invest-
 ments are larger at each year of experience,22
 hence the dollar experience profile of earnings
 of the large investor must be steeper.

 Empirical evidence does show that earn-
 ings of the more educated peak later, grow
 faster in dollar terms at given years of age
 as well as at given years of labor force ex-
 perience, grow also relatively faster (in logs)
 at given ages, but no faster23 at given years

 of experience. Across schooling groups, these
 findings reflect a positive correlation in the
 dollar volumes of schooling and post-school
 investment, and a negligible correlation be-

 tween time equivalents of these investments.
 4. DISPERSION AND SKEWNESS OF

 EARNINGS. School is a convenient empirical
 indicator of investment in human capital.

 However, differences in investment behavior
 among individuals with the same number of
 years of schooling are ignored (averaged) in
 the observable typical earning profile of such
 a group.

 This average conceals individual differ-
 ences in the quality of schooling and in
 post-school investments. These considera-
 tions suggest that even if investments ceased
 after completion of schooling, a dispersion

 in earnings would be observed reflecting

 schooling quality, as well as individual abil-
 ity and other residual factors. The fact of

 post-school investments, however, means
 that even within a schooling group, the
 variance of earnings changes with age. The
 nature of these changes is predictable, given
 the correlations between schooling and post-
 school investments. If these correlations are
 positive in dollar terms within schooling
 groups, as they were observed across school-
 ing groups, dollar variance tends to increase

 with age monotonically. If they are neg-
 ligible in time equivalent terms, logarithmic
 variances tend to decline during the first
 decade of experience and increase thereafter.
 Empirical observation of variation of earn-
 ings within schooling groups shows dollar
 variances increasing strongly with age, but
 somewhat less clear U-shaped patterns of
 relative variances [45, Mincer, 1969].

 It will be recalled that Lydall [35, 1968] ex-
 plains the age patterns of earnings and of
 earnings inequality as a reflection of growth
 of abilities with age and experience, as ob-
 served by developmental psychologists. This,
 however, need not be viewed as an alterna-

 tive interpretation, unless the observed pat-
 terns of age changes in productivity are

 22The experience scale is not given by age, but by
 years spent in the labor force, assumed to start at
 completion of schooling.

 23 In most data the logarithmic age profiles of annual
 earnings of various school groups are clearly divergent
 (fan out). In U.S. data, the logarithmic experience
 profiles of annual earnings are convergent. Interestingly,
 the convergence vanishes in estimated hourly earnings
 data (based on Fuchs [22, 1967]).
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 Mincer: Distribution of Labor Incomes 15

 somehow intrinsic to the individuals. Psy-
 chologists do note that it is difficult to isolate
 intrinsic age patterns in productivity from
 age-changes affected by the individuals'
 adaptation, such as training or health care,
 that is, investments in human capital. To
 the extent that adaptation is important, the
 analysis of human capital investment be-
 havior contributes to the understanding of
 the observed "learning curves".24 Of course,
 the converse may also be true.

 The psychological data to which Lydall
 refers may simply reflect effects of differ-
 ential training on productivity, a major focus
 of the human capital model. The data may
 also show differential growth in productivity
 even without differential training (invest-
 ments) among the individuals. But this pos-
 sibility is also implicit in the human capital
 model, so long as the existence of investment
 is not denied. For simplicity, look at gross
 earnings in equation (2):

 Eji = Xi + ri Cj

 Assume that intrinsic dispersion a-2(Xi)
 does not change with age. For given levels of

 investment Ci, r, the average rate of return
 can be viewed as an index of ability. Assume
 r2(ri) > 0. The variance of earnings will grow
 with age only when Cji>0, even if a2(CjG)
 = 0. This is most simply shown by neglecting
 the Xi term.

 72(Ej,) Cy (, S J (ri)

 Since the first term on the right hand side
 increases with j, the variance rises with age.

 A similar monotonic growth of relative vari-
 ances can be derived from the logarithmic
 formulation (eq. 6).

 A general approach is to assume both

 u2(Cj) >0 and o2(ri) >0. The empirical im-
 plications are basically the same as before,
 except for the conclusion (previously shown
 in eq. (3) ) that at given years of experience,
 earnings inequality should increase with level

 of schooling.
 Let us once again summarize the impor-

 tant, though not unconditional, predictions

 of the human capital analyses:
 1. Inequality: (a) Relative and dollar dis-

 persions are positively related to rates of

 return and to the dispersion in the distribu-
 tion of schooling.

 (b) Dollar dispersion increases with school-
 ing and experience. Relative dispersion in-

 creases with experience, though initial re-
 versals are plausible.

 (c) The relation between level of schooling
 and relative dispersion is complex: it is likely

 to be positive at given experience intervals
 but it need not be in the aggregate.25

 2. Skewness: There are several distinct,
 but not mutually exclusive explanations: (a)

 the distribution of schooling is roughly sym-
 metric. This creates a tendency toward posi-

 tive skewness of earnings. More specif-
 ically, if symmetry is assumed in investments
 measured in time equivalents, as well as in

 "raw earnings" Xi, two implications follow:
 Dollar skewness tends to be positive, but
 logarithmic skewness negative. Moreover,
 when subgroups are distinguished by average
 level of investment (such as by schooling and

 experience), positive dollar skewness tends
 to be larger and negative log-skewness smal-
 ler the higher the schooling or experience
 level. (b) Interaction of ability and invest-

 ment: even if the distribution of dollar in-
 24 In this connection note the following statement in

 a recent survey of developmental psychology [8, Birren,
 1968]: "Except for individuals with cumulative injuries
 or problems of health, worker performance up to age
 60 should be little influenced by physiological changes
 in aging," and, "at the present time there is little evi-
 dence to suggest that there is an intrinsic age difference
 in learning capacity over the employed years, i.e., up
 to age 60."

 2 Empirical findings are mixed, often showing a U-
 shaped relation. This may be due in part to less rapidly
 growing experience profiles in the higher schooling
 groups, and to differential age distributions, a conse-
 quence of strong educational trends.
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 vestments Ci and of average rates of return
 ri were symmetric, but ri and C, not exces-
 sively negatively correlated, earnings would
 be positively skewed. (c) Dollar variances
 increase with age and with schooling. The
 resulting positive correlation between means
 and variances of component distribution is
 sufficient to create aggregate positive skew-
 ness. It also creates humpedness (leptokurto-
 sis) in the shape of the aggregate distribu-
 tion, as both Rutherford's [55, 1955] and

 Hill's [30, 1959] mathematics prove in a
 different context.26

 Note, in conclusion, that the predicted
 phenomena are relatively well established
 features of empirical earnings distributions.

 Even in terms of the qualitative implica-
 tions reported thus far, the predictive range
 of the human capital model clearly exceeds
 that of the random shock models. The stoch-
 astic models say nothing about age and
 experience profiles of earnings. They do little
 more than predict a monotonic growth of
 variances with age. Distinctions between
 aggregates and components, or between ab-
 solute and relative parameters, are outside
 the reach of these models.

 5. QUANTITATIvE ACCOUNTING OF EARN-
 INGS INEQUALITY: THE CORRELATION BE-

 TWEEN EARNINGS AND INVESTMENT IN Hu-
 MAN CAPITAL. The human capital model pro-
 vides interpretations for a large variety of

 qualitative features of observed distributions
 of earnings. Major interest, however, at-
 taches to the quantitative dimension of
 earnings inequality. Can the model help in
 measuring the extent to which observed in-
 equality in earnings can be attributed to
 individual differences in investment?

 By definition of the earnings function (2),

 if investment costs and average rates of
 return were available for each worker, all of
 the inequality, except a random component,

 would be accounted for. Comprehensive in-
 formation on individual investments is al-

 most entirely restricted to schooling, mea-
 sured in years. Information on post-school
 investments, except perhaps for medical care,
 is available only in a highly fragmentary
 fashion.

 As already mentioned, the heroic statis-

 tical specification of the schooling model (la)
 yields very low explanatory power and

 biased estimates of rates of return. This may
 be due to the exclusion of post-school invest-
 ments. In principle, their inclusion can be

 accomplished by the expanded model in
 equation (6).

 (6) lg Yij = lg Yo + r.si
 1-1

 + ~rski +lg (1 - kij) + u.i

 Even if information on post-school invest-

 ments kij were available, individual rates of
 return could not be directly observed. The

 residual uij would therefore contain differ-
 entials in school quality not measured by
 years, as well as individual differences in
 average rates of return. Note that the rates
 of return to schooling r, and to post-school-

 ing investment ri are allowed to differ. The
 partial coefficient r. measures the rate of
 return to schooling alone, a concept not
 measured in the usual calculations.27 Its
 estimate in (6) is unbiased, as it applies to
 schooling, net of post-school investments.

 Of course, neither kij nor even typical kj.
 within groups are observable. However, the
 effects of the latter on earnings could be
 estimated by expressing k1 as a declining
 function of j, as optimization theory suggests.
 A statistical function would be:

 (7) lg Yij=Ig YO + r.ss + f(r1, kj) + vi

 ae It is interesting to recall at this point that in pusz.
 zling over the paradox of presumably symmetric abilities
 but skewed earnings, Pigou proposed the possibility
 that aggregate skewness might result from a merger of
 homogeneous, symmetric components. H. P. Miller
 [38, 1.9551 offered some rather weak evidence in support
 of this hunch, but no explanation why the merger
 should produce positive skewness.

 27 They measure rates of returi to the mix of incre-
 mental schooling and of post-scbool investment.
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 Mincer: Distribution of Labor Incomes 17

 Compared to residual u in (6) residual v
 in (7) is augmented by individual variation
 in post-school investments as well as by

 errors in using a functional form f(rj, kj). To
 that extent (7) understates the explanatory
 power of the investment variables s* and kii.

 The functional form of the investment pro-
 file in (7) must be fitted by experiment, since
 there is no theory to specify it. It can be
 shown that a linearly declining net invest-
 ment profile yields a parabolic earnings pro-
 file in logs [45, Mincer, 1969; 31, Johnson,
 19691.

 If k1=kck-(k./T)j, where k-=investment
 ratio at the start of work experience, T=
 span of investment period. Then:

 rko
 Ig Y =lg Yo + r.,s + rkoj- -j2

 (7a) 2T
 + lg (1 -ko + i)+ v

 If investment kj declines exponentially:

 kj=ko-kOe

 Then:

 rko
 b) lg Y = lg Yo + r8s +-(1 -e-')

 +lg (1 -koefi) +v

 lg Es is the same, except that it excludes the
 term before the residual v.

 In this case, the earnings function Es is a
 familiar growth curve, known as the Gom-
 pertz curve.28

 Some experiments with individual observa-
 tions of the 1:1,000 U. S. Census Sample of

 1960 indicate that the Gompertz curve fits
 somewhat better than the parabola, when
 the distribution is restricted to about 40
 years of experience in each schooling group.29
 The results of applying this equation to the
 individual annual earnings of white, urban
 males are: (a) A coefficient of determination
 of 35 percent. (The coefficient rises to 55%
 when weeks worked (in logs) are included in
 the regression). (b) An estimate of the rate
 of return to schooling above 10%, and not

 clearly different from the rate of return to
 post-school investment.30

 Even with the use of only two variables,
 years of schooling and of experience, the
 explanatory power of specification (7) com-
 pares quite favorably with results of statis-
 tical studies of comparable microeconomic
 data which employ a large number of ex-
 planatory variables on a more or less ad hoc
 basis.

 Adams [1, 1958] found a coefficient of
 determination of 43 percent in an analysis of
 earnings of white males in 1949 reported in
 the Michigan Survey. In addition to educa-
 tion and a parabolic age variable, his ex-
 planatory factors included geographic region,

 city size, employment status, and occupa-
 tion. Hill [30, 1959] achieved a correlation
 of about the same magnitude in an analysis
 of a 1953 sample of male full-time wages and
 salaries in Britain. His variables included
 age, occupation, region, and industry. Mor-
 gan et al. [47, 1962] explain 34 percent of the
 variance of wage rates of family heads in the

 28 An interesting implication of the Gompertz experi-
 ence profile is that human capital accumulates at a rate
 proportional to the percentage gap between the current
 and eventual peak level. It can also be shown that [cf.
 19, Eisner and Strotz, 1963] this pattern of capital
 accumulation arises as an optimal life-time distribu-
 tion when the cost function of producing human capital
 is quadratic (in logs). In an analysis of optimal time-
 distribution of investments specific to firms, Rosen
 (58, 1969] derives the same Gompertz formula for
 "age-progress curves" of firms.

 29 Johnson [31, 1969] applied the parabolic fit (7a) to
 grouped earnings profiles estimated by Hanoch [28,
 19651. Johnson interprets the k coefficient as gross, not
 net investment. This enables him to estimate an as-
 sumed fixed depreciation rate. Its estimate was about
 6% per year.

 A similar procedure applied to the micro-data yields
 a very small difference in explanatory power, and a very
 small estimated depreciation rate, whether the parabola
 or Gompertz are used. However, in contrast to Johnson's
 work, these experiments [45, Mincer, 1969] excluded
 individuals past age 65.

 30 If correct, this suggests that there is little error in
 calling the directly calculated rates by the name "rates
 of return to schooling."
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 1959 Michigan Survey by regression on
 education, age, occupation, city size, geo-
 graphic mobility, employment status, as
 well as indexes of ability and motivation.

 Hanoch [28, 1965] gets a similar coefficient
 of determination for 1959 annual earnings of
 males in the Census 1:1,000 sample, using
 schooling, age, race, location, marital status,
 weeks worked, family size, and industry.

 To repeat, in the statistical regression

 based on (7) a third of earnings inequality is
 attributable to schooling, measured in years,

 and to average (within schooling groups)
 variation of post-school investment with age,
 The remainder contains individual differ-
 ences in post-school investment, in quality
 of schooling, in ability, and in other "tran-
 sitory" income variations. Because the first
 two are components of human capital invest-
 ment, regressions based on (7) understate
 the explanatory power of human capital
 investments.

 One indirect procedure [45, Mincer, 1969]
 makes it possible to include the additional
 contribution of individual variation in post-
 school investment that regression (7) does
 not capture. Recall that at a relatively early

 stage of work experience G in fig. 2) each
 investor reaches the "overtaking point": This
 is the level of earnings (Y. in fig. 2) a worker
 would receive if he ceased investing after
 completion of schooling. Net earnings of
 individuals at that stage of their careers are
 not affected by their post-school investments.
 Consider the distribution of earnings of in-
 dividuals observed only in the "overtaking"
 period: Denote r2 (u') the residual variance
 from the regression of log-earnings at over-
 taking on years of schooling. On the assump-
 tion of homoscedasticity, o2 (u') is an estimate
 of the residual variance in the expanded, but
 not directly observable, regression model

 (6). Therefore, the ratio of o2(u') to aggre-
 gate earnings inequality o4(lg Yj,8), sub-
 tracted from unity, is an estimate of R2, the
 proportion of total earnings inequality at-
 tributable to measured variation in schooling

 (in years only) and in post-school invest-
 ments. Several variants of this procedure
 applied to earnings of white, urban males in
 1959 yield estimated R2 ranging from a half
 to two thirds, with lower coefficients for all
 annual earnings and higher for full-period
 earnings.3'

 6. ABILITY, OPPORTUNITY, AND INVEST-
 MENT. Do we necessarily expect a strong

 correlation between investments in human

 capital and earnings? The answer to this

 question is neither obvious nor invariant.
 Not surprisingly, a better understanding of
 the relation between investment and earn-
 ings requires an understanding of the factors

 determining investment.

 Becker's recent work [4, 1967] treats this
 problem in a conventional and highly illumi-
 nating demand-supply framework. The anal-

 ysis yields insights into the meaning of gross
 and partial correlations between investment
 and earnings, suggests approaches to the

 question whether the inequality in earnings
 is due mainly to inequality in opportunities
 or in abilities, and clarifies some of the nor-
 mative issues that arise in the context of
 income distribution.

 In effect, the investment-earnings relation
 is viewed as a "reduced form" resulting from

 two simultaneous structural relations: de-
 mand functions (Di) relate individual in-
 vestments to marginal rates of return on

 them, and supply functions (Si) relate the
 obtainable volume of funds for such invest-
 ment purposes to their marginal "interest"
 costs.

 The amounts individuals invest, their mar-
 ginal and average returns, and therefore their
 earnings are simultaneously and optimally

 S1 The estimated R2 is an underestimate, because
 variation in the quality of schooling is stir left in the
 residual. The variation is not negligible. Judging by
 figures quoted by Becker [3, 1964], the coefficient of
 variation in expenditures on a college education in New
 York state alone was no less than the coefficient of
 variation in the national aggregate distribution of years
 of schooling.
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 determined by the intersections of the Di
 and Si curves, as shown in Fig. 4. Here DC
 is total investment (in dollars). Earnings are
 given by the area under the demand curve
 ODPC, that is by rC, where r is the average
 height of the relevant segment of the de-
 mand curve.

 The downward slope in the demand curves
 represents diminishing returns to self-invest-
 ments. Presumably, limitations of human
 capacity, the "fixed human body," produce
 this effect. Differences in levels of demand
 curves represent individual differences in
 productivities, or abilities. On the supply
 side, curves are upward sloping to represent
 the increasing difficulty of financing invest-
 ments of increasing size. There are differ-
 ences among individuals in the costs of the
 same volume of investment: for example,
 students differ in family wealth and in costs
 and availabilities of loans and of scholar-
 ships. These differences are represented by
 the dispersion in levels of supply curves.

 It is important to note that the dispersions
 in Di and in Si can be viewed as broadly
 corresponding to inequalities of ability and
 of opportunity, respectively, and that some
 of the factors involved are not independent:
 Tastes and motivation can be reflected in
 greater productivity (higher level of D) as
 well as in greater willingness to reduce con-

 Marginal rate

 of return Si

 S
 D

 Si

 D

 0 C

 Amount invested

 Figure 4

 sumption in order to finance investment
 (lower S). Discrimination can be reflected
 both in lower D and in higher S. More im-
 portant, some of the dispersion in demand
 curves represents differences in opportunity
 disguised as differences in ability: the im-
 portance of the home environment and of
 social contacts is unlikely to have been iso-
 lated and "costed" as a component of in-
 vestment. It is nonetheless true, that social
 policy can more easily affect the dispersion
 in supply curves than that in the demand
 curves. With fixed demand curves, an evolu-
 tionary or political change in the distribution
 of opportunities will alter the distribution of
 average rates of return, thereby affecting the
 distribution of earnings as well as the corre-
 lation between investment and earnings.

 Among the possible configurations of the
 distributional equilibrium in Fig. 3, three
 special cases are of particular interest-i)
 Equality of opportunity: this is defined by a
 common supply curve for all individuals.
 Here investments, marginal (and average)
 rates, and earnings are all positively related.
 2) Equality of ability: This is defined by a
 common demand curve. Here investment
 and earnings are positively related, but in-
 vestment and rates of return are negatively
 correlated. 3) A perfect positive correlation
 between ability and opportunity:32 Individ-
 uals with greater productivity have lower
 costs in financing their investments. Again
 investment and eamrings are positively re-
 lated, but investment and rates of return can
 relate positively or negatively.

 Each of these and only these conditions
 yield a perfect correlation between invest-
 ments and earnings. If both inequalities of
 ability and of opportunity are sizeable, a
 substantial correlation between investment
 and earnings must reflect primarily a strong
 correlation between ability and opportunity.33

 32A negative correlation is conceivable, but not
 plausible.

 '3 An interesting and important research question is,
 to what extent does this correlation reflect motivation
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 Otherwise, there is a range of intersection
 points at the same levels of investment,
 creating residual dispersion in the regression
 of earnings on investments. If, in addition,
 the scatter of equilibrium points in Fig. 4
 has a downward slope, as is suggested by
 findings that rates of return are, on the aver-
 age, higher at lower levels of schooling [29,
 Hansen 1968; 3, Becker, 1964; 28, Hanoch,
 1965], the inference is that inequalities in

 opportunity are larger than inequalities in
 ability.

 Statistical studies of factors associated

 with earnings often include indicators of
 investment such as schooling and age, as
 well as of ability, such as IQ scores, and/or
 of opportunity such as family background
 or wealth. The structural model proposed by
 Becker can be helpful in interpreting some of
 the findings resulting from such studies. For
 example, the less accurate the measurement

 of investment, the stronger the positive cor-
 relation between ability and opportunity at
 measured levels of investment. The more pre-
 cise the measurement of investment, the more
 negative this correlation becomes. Hence ap-
 propriate additional ability variables should
 remain significant in the earnings regressions,
 even net of investment. However, oppor-
 tunity indicators may lose their significance
 or become "perverse," as the measurement
 of investment is improved.

 One interesting insight is relevant to em-
 pirical studies which infer distributions of
 ability from distributions of earnings. The
 distribution of ability is not observable: it is
 given by the heights of the demand curves at
 fixed levels of investment. This distribution

 cannot be equated with the conditional dis-
 tributions of earnings at fixed levels of in-
 vestment. Only a subset of the ability dis-
 tribution is reflected in a conditional earnings

 distribution, and the ability subsets observ-
 able at different levels of investment are not
 comparable. What is more important, given
 the distribution of abilities (a fixed set of D
 curves), the conditional distributions of earn-
 ings change with a change in opportunities.
 For example, if inequality of opportunity

 (dispersion in S) diminishes, the conditional
 variance in earnings diminishes as well. But
 this is not to be interpreted as an equalization
 of abilities. Such a change, incidentally, gives
 rise to an increased correlation between in-
 vestment and earnings. These are two sides
 of the same story, and not competing hy-
 potheses in explaining the change.

 There are some interesting insights into
 normative questions, such as: under what

 conditions does more equal opportunity or
 greater productive efficiency increase the

 equality of earnings? An efficient distribu-
 tion of earnings is one in which marginal
 rates of return on human capital invest-
 ments are the same for all individuals. Hence
 given a dispersion of ability, equality of
 opportunity does not suffice to bring about
 maximum product, unless the common
 supply curve is horizontal-no segmentation
 in the capital market. Note, however, that
 maximum efficiency can also be achieved
 with highly unequal opportunity, when a
 perfect correlation of ability and opportunity
 yields a horizontal locus of intersections of
 S and D curves in Fig. 4. An increased
 equality of opportunity (without change in
 the slopes of the S-curves) may, therefore,
 mean decreased efficiency. It will, to be sure,
 reduce the inequality of earnings. On the
 other hand, increased efficiencyresulting from
 flattened S-curves, without a change in their
 dispersion, increases the inequality of earn-
 ings.

 Perfect equality of opportunity and maxi-
 mum efficiency would characterize a merito-
 cratic society. Such a society, which many
 consider attractive, is quite consistent with
 large earnings inequalities, all of which de-
 pend on differences in ability. If abilities are

 and encouragement of abler individuals which is inde-
 pendent of family background and wealth, or links be-
 tween parental wealth, environment, and ability?
 Social mobility is furthered by the former and in-
 hibited by the latter.
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 Mincer: Distribution of Labor Incomes 21

 believed to be invariant and inherited, this
 vision becomes rather less attractive. How-
 ever, technical and cultural changes and
 associated uncertainties would continue to
 reshuffle abilities and eamings, providing
 safeguards against a new type of caste sys-
 tem.

 Even if some objectives are ultimately in-
 consistent with one another, this need not
 be true about improvements in conditions

 which are not generally optimal. For ex-
 ample, if inequality of opportunity domi-
 nates, and if the correlation between ability
 and opportunity is far from perfect, a reduc-
 tion in inequality of opportunity is likely to
 lead to greater efficiency and greater equality
 in earnings. If it is also true that the rate of
 return on investments in human capital is,
 on the average, higher than on other forms
 of capital, a greater aggregate investment in
 human capital will also produce greater effi-
 ciency and greater equality.

 7. LONG AND SHORT RUN INEQUALITY.

 Once ability and opportunity are introduced
 as determinants of investment, earnings
 differentials can no longer be considered as
 wholly compensatory. Rents or "profits"
 from investment in human capital arise as
 the differences between retums (i C), where
 r is the average rate of return, and repay-
 ment costs (i C), where i is the average in-
 terest cost. They appear in Fig. 4 as differ-
 ences between the areas under the individual

 demand and supply curves. Barring some
 perverse configurations of the curves, it is
 easily seen that the size of profits is posi-
 tively correlated with earnings as well as
 with investments. The present value of prof-
 its is PVi= I/ri (fr-ij)Cj, where ri is the
 discount factor. Present values also tend to
 correlate positively both with earnings and
 with investment. It is interesting to observe
 that (relative) inequality in profits may or
 may not be smaller than the inequality in

 current earnings. In the special case when
 the curves have a constant and common
 elasticity, Becker shows that factors deter-

 mining this "ultimate" inequality are exactly
 the same as those determining the inequality
 in current earnings.

 If the distinction between the long and

 short run is defined in terms of length of the
 accounting period, observed earnings in-

 equality tends to diminish as the accounting
 period is lengthened. The major components
 of individual income variation which average
 out in this process are: the longer-run age
 profile of earnings, and the short run cyclical
 and random fluctuations. If age variation in

 earnings over the working life is attributable
 to the life-cycle allocation of net post-school
 investments, the inequality of earnings
 among individuals, in which this variation is
 eliminated, would be given by the variance
 of earnings at the "overtaking" stage of
 experience. A comparison of the variance in
 earnings of individuals with about a decade
 of labor force experience with the aggregate

 variance, shows the former to be about 25
 percent smaller than the latter.4

 Estimates of the contribution of short-run
 temporal fluctuations in earnings to the over-
 all variance in earnings are comparable in
 size to the age effects [39, Kravis, 19692; 28,
 Hanoch, 1965; 45, Mincer, 1969]. In a pro-
 cedure35 which smoothes out both short-run
 and life-cycle variation, Summers [59, 1956]
 found earnings inequality reduced by over a
 half.

 Short-run variation in earnings is the ex-
 clusive focus of random shock theories of
 income distribution. It will be recalled that
 these models generally predict increasing
 variances of earnings with age as well as
 certain specific mathematical forms of the
 earnings distribution. The greater predictive

 ' Note that this method of eliminating age variation
 in earnings is not quite the same as an extension of the
 accounting period to cover all of the working life.

 15 Summers estimated lifetime average annual dis-
 tributions from panels of 500 spending units, separated
 by one year. The estimates are based on parameters of
 first-order difference equations, separate for each of ten
 year age intervals. The estimates for a 40-year period
 were not very sensitive to assumedinitialdistributions.
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 power of the human capital model was
 pointed out before. Where the two models
 yield similar predictions, they interpret the
 empirical phenomena differently. Thus, the
 stochastic models interpret temporal varia-
 tion in income as a matter of chance. In
 contrast, human capital models view much
 of the temporal variation as a systematic
 and persistent consequence of cumulative
 investment behavior. Discrimination be-

 tween the two views can be sought in so-
 called panel correlations of earnings of the
 same cohort in two different time periods.
 The random shock models predict a fixed
 rate of decay in the coefficients of determina-
 tion, as the interval between the two time
 periods is lengthened. It also predicts a fixed
 correlation for a fixed size interval, regard-
 less of the life-cycle stage. Accumulating
 empirical evidence, [21, Friedman 1957; 30,

 Hill, 1959; 32, Kravis 1962; 45, Mincer, 1969]
 indicates, however, that the decay in panel
 correlations is weak and decelerating with
 span. It also shows weak correlations in in-
 tervals bracketing the "overtaking" age,
 and strong correlations afterward [44, 45
 Mincer, 1962, 1969]. Both phenomena are
 consistent with human capital analysis, par-
 ticularly when it is remembered that ob-
 served earnings are net rather than gross of
 investment.

 The finding that the systematic (invest-
 ment) component may account for a large
 part of the temporal variation in earnings
 does not preclude a residual random com-
 ponent; panel correlations are certainly less

 than unity. But even the residual component
 need not have the stochastic properties
 specified in the random shock models. In-
 stead of being independent of the previous
 level of income, thereby creating an explo-
 sive variance, the random "transitory" com-
 ponent may be unrelated to a latent, "per-
 manent" level of income, so that the vari-

 ance does not change much over time, if at
 all. Under this formulation, introduced by
 Friedman [21, 1957], the contribution of the

 short-run fluctuation to total income in-
 equality was estimated from income and
 consumption data to be as much as 30 per-
 cent. This figure is roughly comparable to the
 contribution of the dispersion in weeks
 worked during the year to annual earnings
 inequality."6

 The short-run, within-year, and cyclical
 variation in earnings reflects in large part
 labor turnover, job and labor force mobility,
 unemployment and illness. In many ways,
 not as yet fully worked out, economic theory

 [3, Becker, 1964; 51, Reder, 19691 predicts
 that the incidence of the employment phe-
 nomena is inversely related to age (experi-
 ence) and to the level of human capital. The
 greater average departure from full period
 work the larger the added dispersion in

 earnings introduced by it. For these reasons
 variances of earnings are augmented at low
 levels of skill and early stages of experience.
 The short-run component is, therefore, a
 force in the direction of negative skewness
 [57, Staehle, 1943; 46, Morgan, 1962; 32,
 Kravis, 19621.

 These amendments work in the opposite
 direction to some of the predictions of human
 capital models in which the short-run com-
 ponent of earnings was ignored. Since earn-
 ings are a product of wage rates and of
 "hours" of work, the degree to which these
 amendments tend to obscure effects previ-
 ously implied depends on the size of the in-
 equality (log variance) in "hours" relative to
 the inequality in wage rates.

 8. FEMALE AND FAMILY EARNINGS Dis-
 TRIBUTION. The relative contribution of em-
 ployment ("hours") dispersion to earnings
 inequality is not small in population groups
 with full and permanent labor force attach-
 ment, but can be quite substantial in groups
 whose attachment is, on the average, weak.
 Men and women (particularly married men

 " However, the two components of income variation
 are not coextensive. Some of the employment variation
 is "permanent," and some of the age variation is dis-
 counted by consumers.
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 and married women) exemplify these differ-
 ences in labor force behavior. The distribu-
 tion of earnings of all adult males is, there-
 fore, roughly similar to the distribution of
 earnings of full-period male workers. For
 women, however, the all earnings distribu-
 tion is quite different from the full-period
 earnings distribution. Thus the inequality
 in annual earnings of all women workers is
 larger than the inequality in the comparable
 male distribution, while the opposite is true

 of full time earnings [61, Woytinsky, 1953].
 Some of the differences between earnings

 distributions of male and females are ex-
 plainable by the effects of labor supply be-
 havior on human capital investment deci-
 sions. Individuals who expect to spend only
 a part of their adult lives in the labor force
 have weaker incentives to invest in forms of
 human capital which primarily enhance
 market productivities than persons whose

 expected labor force attachment is perma-
 nent. Women are likely to invest less than
 men in vocational aspects of education and
 particularly in on-the-job training. This is
 reflected in the comparative (to males) struc-
 ture of their full-time earnings by flatter age-
 earnings profiles, smaller variances within
 school and age classes, and a lesser aggregate

 inequality of earnings [40, Mincer, 1957].
 One important aspect of income distribu-

 tion, not yet discussed, is the definition of
 the recipient unit. Analyses of consumption
 behavior and notions of economic welfare
 are more closely linked to family rather than
 to personal distributions of income. From
 this point of view sums of male and female
 earnings are of greater interest than the
 differences.

 As a matter of arithmetic, dollar disper-

 sion in family earnings is a positive function
 of the variances in earnings of family mem-
 bers and of the correlation between these
 earnings. For relative dispersion the relevant
 correlation is between levels and shares.37

 The sign and size of these intra-family cor-
 relations depend, in part, on labor supply
 functions. In standard economic theory the
 amount of time a person allocates to money
 earning activity is positively related to his
 money earning power (wage rate), and nega-
 tively to his total real (family) income. The
 positive correlation between earning powers
 of husbands and wives is therefore a factor

 which increases the variance of family earn-
 ings relative to the variance of husband's
 earnings. However, the income effect is a
 force which tends to reduce the variance of
 family earnings. The empirical results are: a
 larger dollar variance and a somewhat
 smaller relative variance in family earnings

 than in husbands' earnings. [42, 45, Mincer,
 1960, 1969]. The results are entirely consis-
 tent with parameters of market labor supply
 functions that have been estimated for
 married women [42, 43, Mlilncer, 1960, 1962;
 13, Cain, 1966].

 It should be noted that these findings have
 been observed in data which include prop-
 erty income in family income. Because of the
 well known underreporting of non-employ-
 ment incomes, it cannot be concluded that
 total family income, correctly measured,
 would behave similarly. Nor can we con-
 clude that real family income patterns are
 similar to the observed money income dis-
 tributions. Indeed, the partial labor force
 attachment of wives is largely the obverse of
 the importance of their non-money contribu-
 tions to real family income.

 In Lieu of a Conclusion

 The relative success of the human capital
 model in explaining a variety of features in
 the observed distribution of earnings is
 actually something of a surprise. This is be-

 37 Let YF= YH+YW= YH(1+Rw), where Rw
 =YW/YH

 Then

 (a) 52(YF) = 62(YH) + 52(Yw) + 2 CoV (YH, Yw)

 And

 (b) 80g YF) = 2(lg YH) + 52 ig (1 + Rw)
 + 2 Cov [Ig YE, Ig (1 + Rw)]
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 cause the model does not directly apply to
 cross-sections. The theory deals with lifetime
 behavior of individuals, not with differences
 among individuals of different ages. There
 are special cases where the distinction be-
 tween longitudinal (cohort) analysis and
 contemporaneous (cross-section) analysis
 would not matter. These are the cases of a
 stationary economy, or of an economy in
 which changes are "neutral" with respect to
 categories entering the human capital model.
 In the more general case, however, modifica-
 tions introduced by secular change should
 be taken into account when the models are
 applied to cross-section.

 There are a few recent empirical studies of
 moving cross-sections of income [39, Miller,
 1960; 12, Brady, 1965; 18, David, 1969;
 45, Mincer, 1969]. Abstracting from cyclical
 and other fluctuations in the economy, the
 findings confirm some of the qualitative fea-
 tures of cross-sections: concave age profiles
 of income, differential age profiles by occupa-
 tion or education, and variances (in dollars
 or logs) increasing with age. There are severe
 data limitations in this area, but it deserves
 a great deal of research: Cohort analyses
 should help not only in a better understand-
 ing of the cross-section, but also in providing
 insights into secular changes in income dis-
 tribution.

 Another very important issue to which
 occasional allusions were made in the survey
 is the distinction between effects of human
 capital investments on productivity and on
 the allocation of time to earning activity.

 Over a period of time, earnings are a product
 of hourly wage rates and hours worked dur-
 ing the period. The latter are affected by
 human capital investments as well as the
 former, in a number of ways. The theory of
 the effects of worker and employer human

 capital investments on labor mobility and
 employment distributions [3, Becker, 1964]
 can be elaborated and applied to sort out the
 effects in observed earnings distribution. For
 sex, age, occupation, and industry compari-

 sons of earnings, the employment effects are

 clearly a basic research need.
 At a deeper level, there is no shortage of

 positive and normative questions about in-
 vestment in human capital as a dependent

 variable. But this takes us beyond the scope

 of an already overlong survey.
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