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State lLiabor Market Research Study
- , OVERVIEW

.

12

The objective Af this research is to analyze the effect of labor
‘Subsidies by state and,.hencé, for the nation as a whole. The projeFt's
basic aim is the development of "a theoregical and empirical underpinning

» . for guiding Departmental approach to labor market effects of labor- sub-

sidies. states were chosen as the unit of analysis not only because

labor market conditions vary across states and data on these conditions
are available, but also because many subsidy programs may be implemented
at the state level rather than at the national level in accordance with
principles of revenue sh;ring and decentralization of maﬁpower programs.

The results of the study can be conveniently bartitioned into three
topics:

(1) an econometric model of the state labor market;

(2) labor subsidy program simulations; a&d

(3) supportive theoretical analysis.

In what follows we present an overview of the modél development ané the

results of simulations of two labor subsidy programs, and the key im-

plications of the theoretical analysis. The remainder of the volume

contains the nine component reports.

Econometric Model

We have estimated, using data from the 1970 Census 1-1000 Public Use'
Sample (CPUS) for 30 states or group of states, a comprehensive cross-
section labor market model, which integrates the theory of human capital

o |
with the theory of supply and demand .for labor. The model, described
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3in the papér “Labor Markets, ﬁuman Capital, and the Suzicture of Earqiﬂgé"
(pp. 1.1-1.75), explains equilibrium wages, employmen;, and, henéé:
earnings by primary and secondaryoworkers in eight/family types according
to the‘sex, age and education of the family head. Supplies per family

by primary individuals (heads of families) and b; secondary individuals
(other family workers) in a state a;g;/g; family labor supply theory,
functions of gﬁ; gr;up wage, tﬁé;'family income, and the demographic
composition of prima;y d secondary-individuals in_thg group in the
‘state. Supplies/afz/;hen aggregated in equi&élent—qualipy units with
relative graﬁ;//;ges being measures of relative quality. Demand for

e
equivalent-quality labor per unit of output in a state are, by the theory

_~6f -industrial labor demand, a function of the numeraire wage and the

’/,//f industrial composition of output in the state. Supply and demand are

assumed to be equal in-equilibrium to hours of employment.

The family types were chosen not on an ad hoc basis but using a
sequential, one-way analysis of variance procedure with CPUS data {f-om
California. This procedure, whizh is described in the paper "Wage
Differentials; Huﬁan Capital and'Demographic Characteristics" (pp. 2.1~
2.70), aggregates primary individuals into reasonably homogeneous wage
rate groups not too disparate in size. The result of this anaiysis is
that we have limited the likelihood of severe heterosqedasticity which
wouldfcall for weighting of the observations in estimation.

: The supply, relative wage, and demand equations were estimated using

a donlinear, two-stage least squares method. The estimates indicate that

demand is slightly elastic while primary and secondary supplies for all

family groups are backward-bending. Predicted wages, hours and, hence,
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earnings for primary and secondary individuals in,all family groups in

a state are obtained from the estimaﬁed model bf-éolving the nonlinear
system of 16 supply equations, two relative wage équations, one demand
equation, and one equilibrium identity. For all but the smaliesc groups
and states the explanatory power of the model in 1969 i;’good. Never-
theless, the model is surely in a developmental stage so that it requires
further refinement and validation.

In addition to the work on the s;atic equilibrium model we have also
developed a dynamic disequilibrium mo?cl of the labor mark;t. This model,
which is presented in the paper "Equilibrium and Disequilibrium in the
Labor Market" (pp. 3:1—3.30), describés not only wages and employment but
plso unemp loyment, labor forcgi vacancies, and job stock by integrating

2.
search-turnover theory with the theory of supply and demand. One of the
implications of the model is that there need not be a trade off between
inflation and unemployment or'a natural rate of unemployment unaffeccéd
by the rate of inflatisn. Rather for certain values of the parameters
there is a direct relation between inflation and unemplcy?enc in the
model. Therefore, an increase in aggregate demand can {ncrease not only
1nflation but also unempioyment. If this is true, tbén correspondingly
both inflation and unemployment could be reduced by a decrease in the
growth of aggregate hemand. We have estimated a p;eliminary version of
the modé//yfih quarterly data for the nation. aj// whole. While the pre-
limlnary estimates support the underlying framework of the model, further

work needs to be done before we. can tell wh7 her or not there is indeed

2 direct relation between inflation and unemployment.




?rogram Simulation

Our procedure for simulating the effect of a labor subsidy program
is firkt to translate a subsidy into ; shift in the supply or demand for
workers who are eiigible for the subsidy in a ztate and then to simulate
with the econométric model of state labor marlets the effects of this
shift on both eligible and ineligible workers in the state.

As the fifst jmplementation of this procedure we have simulated the

effects of the Work Bonus Tax-Credit, an earnings subsidy for all families

.

vitﬂ‘dependent children. This subsidy, which has been proposed by the

.

Senate.Finance Committee, is designed to act as a proportional wage sub-

sidy at low levexs of earnings and as a negative income tax at higher levels

.of earnings. Unlike pure wage subsidies or income subsidies it has the

potential to be market neutral, since the increased labor supply from

those with low earnings could be offset by the decreased supply from those

. e
with higher earnings. Our simulations, which are reported in the paper

"Categorical Earnings Subsidies: Market Effects and Program Costs" (pp.

4.1~

4.45), indicate that‘this potential would indeed be realized in the sense

that neither wouid the benefits of the subsidy be dissipated through

higher market wages nor would nonparticipants be displaced through lower
wages.

To complement this study we have simulated the effects of the Jobs

4nd Income (JOIN) Program, dgveloped by the staff of the Subcommittee

on Fiscal Policy of the Joint Economic Committee. This universal subsidy

program would combine a wage subsidy for low wage individuals and public

employment for very jow wage individuals with an earnings tax for all
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individuals. In addition one parent families with pre-teenagers would

be given an income subsidy. This program also has the potential to be

market, neutral, since the increase in labor supply frua those receiving
the wage subsidy could be offset by the decreased private market supply

available from those in public employment and those receiving the income

subsidies. Results reported in the paper "Jobs and Income (JOIN): A

Labor Market Analysis" (pp. 5.1-5.52) indicate that for a particular
*

scale of benefits this potential is fulfilled.

In addition to the simulations of proposed labor subsidies we have.
further developed the diffusion analysis of AFDC participation. The re-
sults of this research, which was ‘earlier supported by ASPER-DOL and
SRS-HEW, is present;d in the completely revised paper "A Diffusion
Analysis of Participation in the Aid to Families with Dependent Children
(AFDC) Program by States" (pp. 6.1+6.25). The objective of this analysis
is to explain parficipation in a particular government program as the
result of the diffusion of information from those who are participating
in the program to those who are eligible but not participating in the
program. It has implications, however, for the prediction of par;ici—
pation and, hence, cost of government Programs, in general. Typically
participation in a new program grows more slowly than wo&ld be expected
on t?f basis of eligibility but then mushrooms as information regarding
the prégram disseminates. The diffusion model explains and predicts
these differential growth rates. Moreover,, it i§ readily amenable to

empirical implementation. ) :

Theoretical Aralysis

The theoretical research that has been carried out as part of this

10
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study has been performed primarily in support of the econometric model

development and the subsidy program simulations. Analyses of the inter-
action-between labor supply and income taxes were initiated both because
the existence of the income tax has significant implications for the

estimation of labor supply in ways not earlier underscood and because

negative income taxes, such as that embodied in JOIN, have been conceived
W

as reforns in the existing income tax scructure. Similarly, enelysis of
labor supply and the social s=curity payroll tax was initiated both be—~
cause the payroll tax affects labor supply in ways not previouely perceived
and because the Work Bonus Tax Credit was conceived as a reform in this

te . ( L.
tax. . . ?

In the paper "The Personal Income Tax and Family Labor Supply”
(pp. 7.1-7.24) it is shown that labor supply effects of a progressive in-
come tax on a multi-worker family can be analyzed as a combined wage tax
and income transfer specific to each tnx brecket. The wage tax equals
the marginal rate paie on family income while the income transfer equals
net savings from not having to pay .ax at this high meiginal‘rate on all
earnings. At intervals where tax rates change the family departs from
its reduced form supnly equation entirely. These results 1imic the im-
plications of survey research and suégest mddifications in procedures
for estimation and simulation of supply relationships. '

The effects.of changes in the paraﬁeters describing the personal in-
come tax upon the individual's decision of how to allocate time between

human capital accumulation and work effort is analyzed in the paper "Work

Effort, Human Investment and the Income Tax’ (pp. 8.1-8.45).




It is shown that the effects of changeg in the tax parameters can‘be

<

described in terms of intertemporal substitution an’ _isome efﬁgcts.
Given ap increase in the tax rate, if the intertemporal subst{;ution
effect dominates, then the individual substitutes income {n the early
s;ageS'for jncome later in the life cycle. If the intertemporal income

effect dominates, however, the individual spreads the 1ife cycle income

reduction over all stages. Similarly, given an increase in the exemption

/

level, if the intertemporal income effect dominates, the gnciease\in /

total income is spread over all stages; if the intertemporal\éubstitution’
ef fect dominates, income just before the gaxable stages is substituted

for income in all other stages. R

1t is common1y~argued that an increase in the payroll tax would de-
crease labor supply. The analysis presented in the paper 'Iabor Supply
a;d the Social Security Payroll.Tax" (pp. 9.1-9.9), implies that while

for individuals ﬁith earoings below the ceiling an increase in the tax

'would indeed reduce their received wage ru.e and, thus, reduce their labor

supply, for.individuals with earnings abqve the ceiling an increacse in

the tax would not affect their received wage but w)uld reduce thei; effec~
tive level of wnearned income, and, thus; increase their labor supply.
Since these two effects would tend to offset one another, an increase in

the payroll tax could actually ircrease labor supply. The net effect can

only be determined by empirical analysis of the labor-market.

.....

-




© -

LABOR MARKETS, HUMAN. CAPITAL; AND THE
- - STRUCTURE OF EARNINGS

by Peter M. Greenston and C. Duncan MacRae

©

Abstract

A state labor mérket model which integrates the theory of supply
and demand with the theory of human capital is developed in this
paper. Fadilies are aggfegated by human capital theory into eight
groups according to the demographic—edchfional characteristics ’
of their head. Supply, relative wage, and demand equations are
estimated with data aggregated from the 1970 Census 1-1000 State
P;glic Use Sample for 30 states or groups of states. The egstimates
indicate thae demand is slightly elaétic while pri@ary and secondary
supplies for all family groups afz backward-bending. Predicted
wages, hours and, hence, earnings for priﬁary and secondary in-
dividuals ip all family groups-in a state are Qﬂta£;e3 by solving
the nonlinear system of equations:y For all but the smallest

groups and. states 'the explanafbry power of the modgl in 1969 is

, good. The ﬁodel predicts, in particular, that the benefitsnof
output growth are distriluted across family groups primarily

according to their labor supply response. "Earnings will increase

significantly more for individuals ' who are below the backward-

bending portion of their labor supply.
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: 1.1 .

LABOR MARKETS, HUMAN CAPlTAL; AND THE STRUCTURE OF EARNINGS*

- by Peter M. Creenston and C. Duncan MacRae

<
2 The Urban Institute

There has been considerable discussion of reforming the current welfare
systém. The issues revolve ?F;und improving the distribution of income without
at the same ‘time seriously underminlng_work incentives for participants or dis-
placing non-participants. Many of the proposals include work requirements for
the ablé-bo&ied while. extending coverage to the working poor7§e}ﬁgps in the
form 9f“an earnings-conditioned supplement. To deal with these issues and the
implicit trade-offs policy makers need information about how proposed changes
yould affect work incentives and hence labor supply, and about how the changes
in labor éupply in conjunction with market demand determine a new market equi-
1ibrium and hence ‘affect the distribution of income.

- In this péper we specify, estimate, and evaluate a cross~section state
labor market model which integrates the theory of human gcapital into an analy-
si;'of labor market supgly and demand. The immediate result is an econometric
model that predicts wage rates, employment levels, and hence.eaénings for six-
teen demographically defined groups of individuals in e;ch of thirty states or

groupé of states in the United States. The model is designed in particular to

measure the wage rate and employment effects of human resource programs -~ -

existing and proposed ——- omn both participants and non-participants in all states

and, hence, for the nation as a whole.

In attempting to éxplain tﬁe distribution of earnings most investigators
have either focused on wage rate differentials using demand-related factors to
explain industrial or regional differences while ignoring the larger market

context in which labor services are supplied and demanded, o they have fo.. ted

-
1.1’7/
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on explaining earnings differentials without carefully distinguishing the wage .

rate and labor supply components.1 In this paper, however, we employ a market

| medel in which supply as well as demand factors account for regional wage aif-
ferences.
\
Before presenting an overview of the model th\ basic assumptions which -

underlie the analysis should be made explicit. 1In the first place, the model is

partial-equilibrium in nature. Hours and wage rates of groups of people are -
3

determined endogenously, while their tastes, identify%cg demographic charac—~

teristics, and unearned income are taken as exogenous.

~ .
»

The level and compo-

sition of output in each labor market is also determian outside thc model.

. \ .
Second, we estimate cross-sectional relationships using!| states and state ag-

|

gregates as our labor markets. Workers are assumed to br mobile within a

state labor market but immobile between thcm. Third, wotkers are acknowledged

to offer labor of various qualities. We assume that quality differences reveal

themselves in human capitailspéck differences and ‘that hﬁ@an capital is a homo-
geneous Jand substitutable factor of production. Fourth, the existing federal

and state tax structure is not explicitly incorporated into the model. Rather

it is:incorporated implicitly in the estimates of the cocfiicients of the model.

~

Familics in each state labor market are initially partitioned into 120
mutually exclusive and completely exhaustive family types based on the demo-

graphic and education characteristics of their head. Within each family we

£
H

further distinguish betwecen family heads (primary workers) and other members

-

(secondary workefs) so that there are initially 120 primary groups and 120 secon-
dary groups. Using a one-way sequential analysis of variance algorithm we then
aggregate the primary groups into eight homgeneous human capital groups and the

secondary groups into eight corresponding groups for a total of sixteen human

capital groups. Representative or average primary and secondary workers in each

16




1.3.

°

group arc defined and used as observation units in the market model. Primary and

secondary worker supply cquations are derived from the traditionai income-leisure

choice model and specified for the representative—worker—in—eachgroup

By.;ssuming a high degree of corrqlution between the demographic—educational
»

éharactcrjstics of workers and their utiiized stocks of human capital we can

treat these characteristics as indicators of their stocks of utilized human ca~

pital. Moreover, according to human capital theory the wage rate of an’ indlvi—

dual or g1oup of similar individuals is the product of the market rate of return

to human capital and the stock of utilized human capital. Therefore, relative

3

wage rates, the wage rate of one group vis-a-vis that of a numeraire group, are
. .

determined in equilibrium only by relative stocks of human capital and are inde-

bendent of- the supply and demand conditions in a particular labor market.

~
o’

We express the market demand for labor in terms of the hours of the numeraire
group and as a function of the numeraire wage rate to reflect the fact that the
quﬁlity of laﬁor service; vary from one group tp:gﬁéther. The hours offered by
each group are weighted by an estimate of their relati;k stocks of human capital,
as a proxy for quality differences, and then aggregated to form market demand.
Equilibrium obtainé when market demand is exactly satisfied by- the sum of weighted
hours supplied by ;ach group. The numeraire wage rate, which is also determined
in the supply~demand equilibrium, and the relative wage rates, given by relative
utilized human capital, ‘then determine the absolute levels of the other wage
rates. a

The body of the paper is divided into five sections. In the first section,

the supply, relative wage rate and demand relationships are derived from the

underlying income-leicure choice, human capital, and production function theory.

The notions of family types and representative familjes are also introduced.

17 :




In the sccond section we discuss the choice of the state as the labor market

area and the creation of state output data, the use of Census data to define

family types in terms ol demographic-educatlon charactertstits of their-headsy
and the aggregation of primary and secondary workers into homogeneous human
‘?apital groups. In the third section the supply, relative wage, and demand
equations are specified ih'accgrd with both the theory developed in the first
section and the limitations imposed by the data discussed in’ the second sec-
tioan. We also d{;cuss the meth;ds used to estimate the simultaneous equations

model. The estimated structural equations are then presented and discussed in

v a4 = $

the fourth section and compared to results reported by other investigators. In

" the fifth section we ‘evaluate the explanatory power of the model by using an
iterative technique to solve the non-linear simultaneous system for the equili-
brium wage rates and hours of each fa&ily type—-state observation. Predicted, ar-
tual, and percentage difference values are reported by family type and by state
for primary and secondary wage rates, hours per family, earqings per famlily and
income per family. To illustrate the model's usefulness in illuminating distri-
butional questions, we analyze the effects of exogenous output and population

changes on the structure of earnings and income. We conclude with a summary of

the labor market model and the simulations performed.




1.5

I. TLABOR MARKEY THEORY °

°

.In this section we discuss the theoretical underpinuing of the determi-

nants of wage rates and hours worked. First, labor—suppiy—equations for a pri-
;ary worker and for a representative secondary worker of each family type are
derived from the maximization of family utility in a static iﬁ;ome-leisure choice
model. Sécond, we discuss the determination in equilibrium‘of relative wage rates
by relative stocks of utilized human capital. Third, the market demand for labor
is derived from the c;nditions for profit maximizatioﬁ of firms operafing in com-
pep}tive markets. Hours demanded are expressed in equivalent—qualit§ units by
converting the hours of primary and secondary workers in each family type into
primary hours of the numeraire family type using the appropriate ﬂuman capital
ratios. Intersections of market demand and aggregate supply curves thep deter-

mine in each labor market the equilibrium number of equivalent-quality hours and

the numeraire wage rate. The wage rates and levels of employment for the indivi-

" dual groups of workers then follow from the relative wage and labor supply equa-

tions.

Family Labor Supply

The decision to supply the number of hours_forthcoming is seen as a family
decision in which there is interdependence bctéeen the work efforts of family mem-
bers. To captu;e this intérdependence we postulate sepafate supply cgfves for the
family head!(primary worker) and for the other family members (secondary workers)

P /

L
linked tog%éher in a simultaneous equations framework. The families in a labor
/

market area are partitioned by the demographic and educational ch?racteristics of

their heads into mutually exclusive and collectively exhaustive types. These

types are referred to as family types and will be discussed in detail in subse-

quent sections.
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Consider now a representative family of the ith family type living in the
Jth labor market area. We assume this family maximizes its satisfaction by
achieving the optimum mix of family income and leisure consistent with its pre:-

—— ercnces—for income-vis-a—vis—leisure-and-the-market_opportunities it faces as

3

exp;esscd by its budget constraint. Formally the average family is said to

maximize utility

- p P\ /r S _ 1S\ /o .
(1.1) uij —u((T - Hy )/rij, ('1jL “13)”13 Yijll-ij}

subjecct to the family budget constraint .

(1.2) IR;; = WP WP IFyq + 1 ¥y /F .

Yij 1) 13 ij 43 j

. The number of families composing the type is denoted Hy Fij

of the family consumes (T - HP )/Fij hours of leisure per year, where sz is the

annual number of hours devoted to working by all primary workers in the type and

The primary worker

Tg is their total availablc time. The corresponding secondary worker consumes

(Ti - Hij)/Fij hours of leisure per year. We note that just as the family is

viewed as a type average, the secondary worker in a family is really an average
of the spouse, if present, and other potential workers. Family income is denoted

by Yij/F It is the sum of primary earnings, secondary earnings, and family

ij’
~labor i . P s no, _ :
non-labor income: jH /P 5 Wini /F 13 and Yijlrij, respectively. The market

wage rates faced by primary and secondary workers of the ith type are denoted by

ij and W 1

The maximization of family utility tells us that each member's supply of hours
to the labor market depends upon his (her) wage rate which is the price of an

hour's worth of- leisure, the wége of the spouse, and the family's non-labor income.

- 20
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1.7

1f we also assume, as is commonly done, that the technical cross-substitution
effcct between primary and secondary family members is zero, then the effect on
primary (secondary) hours of a unit change in the secondary (primary) wage rate

. 2
has the same magnitude as that of a unit change in non-labor income. Accord-

ingly, othgi_fami]y member carnings can be lumped together with non-labor income

so that the labor supply cquations for primary and sccondary workers can be writ-

ten as:

P 124 =~ Pg,P S ..8 n 5P
1.3 H: /F,. = -+
(1.3a) le/ 15 si{wij,(wijuij Yij)/Fij"ij}
and
1.3b ws /F. . = sSWS,, P uP. + Y")/F
( ) ij/ 1 si{wij’(wijﬂij Yij)/}ij’zij}’

_where Zgj and Zij are vectors of socio-demographic variables.
These equations make explicit several important features of our model. First,
the labor supply responsc of a particular family type i to social, demographic,
and economic inf{luences is the same for a family working in any market area. Of
course the magnitudes of the explanatory variables vary from one labor market to
another, but the hours response to a unit change in these variables is assumed to
be the same in all arcqs.) In other words, these are family labor supply equations
estimated across labor ﬁanget areas.‘ Sccénd, we allow, for variation in lavor
supply behavior from one family type to another. Third, 13bor supplies forth-~
coming from prfmary and secondary workers are ipterdependent. The primary worker's
hours depend upon sccondary earnings and secon;;ry worker hours depend upon pri-
mary earnings.' As mentioned there are other variables (Zl;j and Zij) in addition

to wage rates and non-labor income which affect the family's choice between employ-

ment and leisure. They are defined in the data section and @iscnssed in the model

specification sectiom.




Having described average primary and secondary workers in family type i as
facing market determined wage rates, we now turn to a discussion of the role of
human capltal stocks in determining the relative wage rate facad by primary workers of
onec family type vis-a-vis the wage rate faced by primary workers of afother typ=, and

the wage of secondary workers in a family type vis—a-vis the wage of primary workers

of the same type.

_————— .

Utilized Human Capital

The wage rate commanded by the family head is viewed as the product of the
market's rate of return to human capital and the stock of human capital utilized
by that person.3 If stocks of human capital can be uniquely associated with mem-
bership in a particular demographic-educational group, then wé can express the
wage rate of a primary worker from a family of the ith typé who lives and works

in the jth market area as

‘ P _ P »
(1.4) . wij = iji.

4 ~

The rate of return is the rental price of a unit of human capital in the market
and is denoted by wj, and Kg indexes the stock of human capital. This equation
expresses the fact that wage rates_( of primary :orkers) may differ across the
same family types i.. different market areas because of differences in the market
rate of return and may also differ across family types in the same market area
because human capital stocks vary over demographic groups.

Because of occupational discrimination by race and sex certain éroups in
our society carn less than the market rate of return on the stock of human capi-
tal that they possess.aﬁ'We view this as underutilizatlon of their human capital
and do not attempt to explain it any more than we explain the distribution of

human capital stocks across groups. In our discussion of wage rate determination,

therefore, we are referring to utilized rather than actual human capital.

.
P




In cquilibrium human capital stocks and supply-dcmand conditions, as reflected
in the market rate of return, determine the absolute market wage rate.” Relative
market wage rates, however, are determined only by relative stocks of human capi-~

tal:

o iJ° 713

e ——— -

for the ith primary group relative to the first primary group in the jth labor

market. This relation follows directly from (1.4). It does so because we are
W
assuming that there is one market where all groups can sell their human capital

|
|
{
|
|
|
|
(
(1.5) We WP = KB/, I
|
(
|
|
|
wit@ cquai easc and where they receive the same rate of return on the marginal J
unit. In this sense human capital is homogeneous and perfectly substitutable.’/ i
' Substitutability can be illustrated in this context by considering a éitu-
ation in which relative wage rates are out of equilibrium as given by (1.5). i
Suppose the ith group's relative wage rate exceeds its relative stock of human
capital. An employer will observe that an additional dollar spent on his wage
bill will purchase more units of human capital relative to its cost if it i;
spent on obtaining services from group 1 rather than group i. By the homoée—
neity assumption he views the services proyided as identical and, consequently,
proceeds to purchase extra services from group 1. This increases Wij relative

P

o to W.. and pushes wage rates towards equality with relative stocks of utilized

ij
human capital.

M If the original premisc of this discussion -~ that demographic and educa-
tional characteristics uniquely determine the stock of human capital -~ is not
fulfilled, then relative wage rates will not be constant across market areas.
The closer thc premise is to being fulfilled, the less will be the varlation in

s

relative wage rates. We note that for any demographic group, variation in the
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1.10

/
u-ilization rate of its human capital across market areas will also produce
variation in the corrceponding velative wage rates.

As alrcady mentioned, family types are defined by the demographic charac-
teristics of the family head. Thus, secondary workers o% a given family type

are grouped according to the head's characteristics. There is a presumption,

thereforc,fthq&ademographic similarities of sccondary workers within a given

family typc are greater than similarities among secondary workers of different
family types. The reader is reminded that the secondary worker is an average
of spouse and depcndenés so that the presumed intra-group similarities also
imply family compositional similarity.
Accordingly, we assume a high degree of correlation but not equality bet&een.
)

the stock of human capital of the hgad and that of the secondary workers so that

/
secondary workers of the_ith‘fami;ﬁ type can be though of as homogeneous in their

/

stocks of human capital. This ailows us to write a wage equation for secondary

workers analogous to that for primary workers:

s s
(1.6) ) wij wjxi.

The eullibrium market Qage conf{ronting a rcpreséhtative secondary worker of the
ith family type working in the jth labor market area is the product of a market
rate of return and her(his) stock of utilized human capital.

Therefore, wage rates of secondary relative to primary workers of a given
family type:are determined independently of the particular market bx‘the cor-

responding relative stocks of human capital in“équilibrium:

(1.7 8 ;P _ uS/P.
(1.7) ' wij/wjlj x\i/}\i
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This relationship, just 1ike(1.5), is contigent on an association between
demographic characteristics of the primary worker and hfg (her) stock of human
capital and on a high correlation between primary and secondary worker utilized
human capital stock§.

» We consider next the demand for labor of different qualities and the role

of relative stocks of human capital in the aggregation of labor inputs to obtain

i T em———

market demand.

’
/

Market Labor Demind

In each market area theldemand for Madbor in equivalent-quality units is de-
rived from the aggregate demand for output. We employ a constant elasticity of
substitution production function to relate factor inputs to aggregate output.

The production function characterizing the jth market area is

(1.8) 4 = oy 6,67 a-gp PP,
where Q is reai value added, C is an index of aggregate capital services, ané L
is an index of aggregate labor services. The elasticity of substitution ¢ may be
written as o = 1/(1+p). The returns to scale are measured byothe vaJue of the
parameter i.

The cxistence of consiétent indexes of Agg‘eggsg capital and labor services '
is intimately related to eséimates of the partial/&ié%%}%ities éf substitution
among the*components of the index.5 In our modelkqs 5ssum¢ that the elasticity
of ,substitution between the different types of laber is infinite within any mar-
ket area, while no substitution is possible across labor market areas.6 Relative
stocks of human capital, which Zn equilibrium chal relative wage rates, are used G

to weight the labor inputs of each human capital gfoup. Using primary workers

of the first family type as a numeraire, the aggregate labor index is:

25
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Iy
H

(1-9) L = ’i)c rp p + .S P P P S
| 210\1/*\1)“13. 21: (KG/R) (g /X

In effect, the index translates the hours of each primary and secondary group into

the equivalent numeraire.group number and aggregates them. The result is a mea—
sure of equivalent-quality hour.. It is based on previous:research whicl: has ap- .

*

-—+ - ---plied-relative wage rates--to sbtaji-a-measure -of - labor input -in-constant—quality -

units for estimation of an inter-regional production funct:ion,7 and to adjﬁst an

historical measure of labor hours for chanjes in the quality of labor services.

-

< The demand for labor is derived from the production funtion (1.8) undei'qhe

assymption of perfect competition among employers: free entry and exit, and the
inability of any employer to perceive an influence on factor input and output:

prices from his actions. In particular we assume that competitive, profit-maxi- -
. ) s . &
mizing employers alter their inputmix-until e~ch fac;é:'s marginal product

equals its cost and returns to scale at the. margin are ¢onstant’ (u=1).

~ -~

The demand function for aggregate labor may Ehen be wxi?fen as:

@

1/{14p) 4 1/ (140) : ’
(1.10 L, = W .
: ) 5 = By Q¥4 .
where wlj is the real price of Lj. Since output is assumed to be given cxoge-.

nously, wc may rewrite (1.10) as

.1 = ,I.),
(1.11) Lj/QJ. dj{w1j Ij} (

where Ij captures industrial differences in the demand for labor. Demand for
equivalent-quality lavor per dollar of output in the jth market area is a func-—
tion of thc numeraire group wage rate. Moreover, demand vill differ from one

market area to another corresponding to differences in industrial composition.
Vd
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Equflibrium in the jth laber market is achieved when the demand and supply

ofoequivalent-quality hours are equal, as expressed by {(1.9). This completes

‘the theoretical development of the market model. To review: wages and®hours

of each family type ate jointly determined in each market area. For each family
type tﬁgre are primary and secondary supply functions ((1.3a) andi(l.Sb)) and
relative human capital equations ((1.5) and (1.7)) for the representative family.

The market demand function is éxprgssed in equivalent-quality, i.e. numeraire

. i )
group, hours ((1.11)). arket equilibrium jointly determines primary and secon—

4

et

_dary hours' for each family type, the numeraire group wage rate, and by construc-

°

tion -r via relative human capital stocks -- the values of the remaining wage

rates. The level and composition of output and demographic characteristics and

unearned income by family type are taken as exogenous. gp
.\Q"

G
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II. LABOR MARKET DATA

Y

= In this section we first discuss the choice of states as labor market ™
areas and the meaSurcment of state output usiqg data published by the Bu-
reau of Economic Analysis (BEA), U.é. Depart@ént of Commerce. With the
StaCe Public” Use Sample of the 197P Census aé,the data scurce, labor supply
data are con51dered next: family membership and type; are défined and the
measurement of economic variableeifor representative workers is described.
Finally, using“fdmily types as building blocks, the formatiom of humzn capi-

tal groups to represent homogeneous units of labor supply is described.

Labor Market Areas

We use the State Public Use Sample (1 in 1000) of the 1970 Census as

- — S s s e e -

our basic source. The labor market area chosén is the state. In selecting g

this unit the advantages and disadvantages. of alternatives were considered.

-

Teo analyze thé dlstribution of wage rates, hours, and hence earnings by

family type in the U.S. we require a set of mutually exclusive and exhaustive

units. States are obviously exclusive and exhaustive units, but they may contain

several distinct labor market areas, and labor market areas may even cross state
boundaries. A prime alternative to the state would be the functional eco-

o
riomic area (FEA) ~— a primary place of economic activity and commuting

'surrounded by the rest of the area for which it is the trading and labor

market center. These areés have been delineated




[
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by the BEA. There are 173 mutually exclusivejand completely exhaustive areas.
We chosc not to use the FEA for scveral reasons. Most importantly,
?it would involve use of the County Group Public Use Sample and would require
. use of the 1 in 100 sample for smaller arcas, greatly increasing data pro-
cessing roquircméﬂts. Secondly, states are for many purposcs appropriate
units for analyzing the effects of human resource programs —- a task for

o

which this wodel has been designed -- because such programs are defined, within

limits, and administercd on a state level. However, Ehe fact that we do aggre-
gate some of the less populous states 1esseﬁ$ this advantage of states vis-a-
vis FEA's.

State have been aggregated to reduce sampling error and to create a set

2

of observations compatiblé with the Current Population Survey Public Use

Sample so that our résults ;an be tested with an alternative set of data.9
The following aggregations have been created: Alabama-Mississippi; Alaska-
Hawaii-Washington; Arizona-Colorado-New Mex;cé; Arkansas-Oklahoéa; Delaware-
Virginia; Idaho-Mogtana—Nevada-Utah*W§om@ng; Iowa-Minnesota; Kansas-NePraska-
North Dakota-Souéh Dakota; Ma%ne-MassachuséFts—New Hampshire-Rhode Island-
Vérmont; Michigan-Wisconsin; North Carolima-South Carolina. In all, 52 states

. - have been aggregated into 11 larger groups, while 18 states and the District
of Columbia stand by thcmselves, making a total of 30 labor market ogservations.

Non-farm output cstimates by state arc constructed from state personal

10
income estimates. The August issue of the Survey of Currenmt Business pub-—

lishes estimates of national and personal income by major source or indus-

trial sector. In Lhe‘July issue estimates of national total income by indus-




try division are published. In order to derive an estihaté of the total
’ income originating in a given sector in a state we.assume that the ratio of
} total to perscnal income originating in any state equa¥§ the ratio of total
. to personal income originating in that sector for the nation. Estimates of
total income are derived in this manner for each state or state aggregate
for these sectors: mining; contract construction; manufacturing; wholesale
\ apd‘retail tréde; finance, insurance, and real estate; transportation,
communications, and public uytilities; and services.
N Estimates of tetal income  originating in the gevernment sector by state
Are handled analogously. Here we assume that the ratio of total income to

6he nonmilitary government payroll in any state equals the ratio of income

originating in all governments in the nation,to the wages and salaries paid

by all goveénments in the nation.

Statc output is the sum of the estimated contributions to value added
from each sector. It should be stressed that our oﬁtput measures do not in-
clude depreciation or indirect buslness taxes. They correspond to national
income at factor prices and are, therefore, the most satisfiuctory measure

for estimating derived demand functions for factors of production.

.

In the demand equation we denote the state output estimates for 1969 .

0 by NOUT. Variation in industrial composition across states is captured

, by NOUTI, which denotes the percentage of output originating in the indus- .

trial sector (mining, contract construction,manufacturing, transportatiou,

communication and public utilities).

Finally, it should be noted that wages, incomc and outpuf are measured in

nominal terms because a satisfactory regional price index does not currently

exist:.l1




Census Public Use Sample

We now turn to the definitions of family members and family types with
Census data. The Census is a household survey. The head of the primary
family in the household and any unrelated (to the head) individuals, roomers,
boarders, and lodéers are treated as primary workers in our model. All
other people in thgfhousehold -~ 1i.e. otaer members of the primary family

and members of any subfamily — are treated as secondary workers. We ex-

clude all people livingign group quarters except for those in rooming and

~
4

boarding houses, tourist homes, and comhunes% Of those living in house-

holds, we exclude from the 1abo£ force pcople less than sixteen years of
agé. those employed by the miligary, and those who earn their living on
farms (Census Ocsupation Codes 801-846).

In each state or state aggregate primary workers are partitioned into
120 groups by race, ége, sex, and education. Race is white and non-white.
The age categories are defined by five ranges which intuitively correspond
to different periods of the working life cycle: 16-21, 21-35, 36~54, 65
and over. The education categories represent six levels of schooling:
less than 9 years, 9~11 years, high school graduation, some college, col~
lege graduation, and graduate education. Lastly, sex separates male-headed
from female-headed families. As discussed, secondary workers are partitioned
by the demographic ch.racteristics of their primary workers. There are
2x5x6x2 family types defined, although we note that in the 1970 State Pub-

lic Use Sample not all 120 types exist in all thirty states and groups of

states.

’ Ry
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Annual hours are estimated for each group by multiplying the number of wecks

worked in 1969 by the average number of hours worked in the Census reference week
. 13 .

in 1970. Although this calculation may produce considerable error for any

single worker, we believe that our g§gwg§m§;99ps rather than individuals precludes

significant bias across groups: hours of tle representative primary (secondaryii
worker of a giv.n family type are obtained by summing the hours of all such pri-
mary (sccondary) workers and dividing by the total number of families of that
type. There may be, however, a seasonal bias if the Census reference week is
not representative. of the entire -year. "

Annual darnings are composed of wages and self-employed non-farm income.
Earnings of the representative primary (secondary) worker is the sum over all
such workers.divided by the number of families of the type considered.. Since
the Census does not report wage rates, we divide earuings by hours to obtain an
annual hourly wage rate of the representative worker. ,

Non-labor income is a family rather than a primary or secondary worker
variable. It includes, social security, unemployment compensation, pensicn re-
ceipts, rental and dividend income, but excludes public assistance receipts.
Social security, upemployment compensation, pension receipts,‘and public assis-
tance receipts may all reflect the person's employment level as well as help to
determine it. Public assistance, however, is to be distinguished from the other
three forms of income transfer by the manner in which regeipts vary continuously

with earnings. The effect of the other transfers is captured in part by the age

variable. Non-labor income for the representative'family is obtained by summing

income over all famllies and dividing by the number of families of this

non-labor

type.




In addition to the economic variables, socio-demographic information fc- the N

individuals comprising each family type is tabulated. Before describing these
variables, we turn to a discussion of the statistical and computational problems
jnherent in the use of 240 human capital groups and the resultant aggregation

that was performed. ,

Human Capital Aggregation

?; Not only are somé“of the 240 human capital group cells in e;ch state empty,
but there are a large number composed of only a few individuals.- This is not sur-
prising consi?ering that, for example, non-white primaries comprise approximately
ten percent of the population but are partitioned into ;ixty cells; or female- |
heaés which are approximately ten percent of all heads and also partitioned into
sixty cells. Furthermore, the youngest and oldest age cells, as Weil as the
higher education cells, are comprised of small numbers of workers. The asso-
ciated high sampling errors for these cells would likely swamp the true (popu~
lation) values so that ;upply functions for many of the family types could not be
estimateq. Even pooling the types and correcting for heteroscedasticity
error variance would not likely be sufficient.

Accordingly, the 120 family types were used as buildiag blocks to form larger
groups of workers reasonably homoéeneéus in their amounts of utilized human capi-
tal. To do this we turned to the records of individual primary workers in Cali-
fornia and used as an indicator of utilized human capital the individual's annual
average hourly wage rate. A one-way, sequential analysis of variance algorithm--
Automatic Interaction Dectector -- was employed to form those aggregate groups
which best explain the wage rate variation by maximizing inter-group and mini-
mizing intra-group variation}a This technique was chosen in preference to linear

regression because we did not wish to impose any a priori restrictions on the

<
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rglationship between human capital and the demographic characteristics used as

predictor variables. The explanatory variables are the same race, age, sex, and
education variables which generate the 120 family types. A breakdown of the sample
—— number of workers and average wage rates —- by these variables is presented in

Table 1.

Any variance or total sums-of-squares can be definitionally separated into

two parts, an inter-group or bétween group sums of squares (BSS) -- the so—called ex-
plained variation given the groups —— and theisum of the intra-group sums of squares.
The algoritﬁm calculates the vérianée of the wage rate for each possible dichoto-

s - .
mization of the group under scrutiny by each explanatory variable, split}ing that
_group on the variable which accoﬁnts for t?e'most variation in the wage rate, i.e.

the one which gives the largest BSS. For example, in the analysis of California

primary workers, the entire sample, was initially split by the education variable,

- separating those workers with at least college degrees (average wage rate of $6.94)
*from those with less schooling ($4.70). Continued splitting occurs on those groups

which meet a minimum variation requirement -- otherwise they are considered homo-

I3

geneous -— if the spl%t reduces the unexplained variation by a specified proportion

of the original parent sample variation, and to keep sampling error in bounds —=
if theﬁsplit results in offspring meeting a minimum size requirement. With the set
of predictor variables used the maximum number of final groups is 120. We note
that the splitting stgpped far short of this maximum.
Before describing the final groups it is instructive to describe the branching
or splitting as it occurred. Recalling that the entire sample initially split on i
education into those with 0-15 years of schooling and those with 16 and over, the
less educated group next split on sex. In the ensuing rounds, female primary work-

ers split first on schooling (0-8 years versus 9-15 years) and then the more

educated group split on age (16-35 years olds versus 36-over), while males went

4




TABLE 1

Composition of California Primary Workers
by Sex, Education, Age, and Race
with Average llourly Wage Rates
1970 Census State Public Use Sample

Observations Av. Hourly
Number Proportion Wage Rate

Sex

Male ) $ 5.
Female . 3.

Education

0-8 years of school

9-11 ycars of school

High school graduate

Some college (13-15 years)
College graduates

17-over years of school

Age

16-21 years
22-35 years
36~54 years
55-64 years
65—-over

Race

White
Non-white

Total
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thzough a similar but lengthier series of splits. The race variable was used only
once to dichotomize middle-aged (36-64) males with less than high school degrees.
The dmplication is that ir explaining the total variat?on,in wage rates across a
large diverse sample -~ such as all California primary workers—-educatiom, age,
and sex differences are relatively more jwportant vis-a-vis race by themselves,
:cggche{wwith the fact that nonwhites comprised only nine percent of the sample

and hence could not account for a significant proportion of the total variation unless

A

their Wage rates were extremely 1ow——which,they are not: an average hourly wage
of $3.82 compared to $4.88 for middle aged males without high schooi degrees.

Returning tc the college educated branch, there are splits only on age and
schooling, indicating that there are relatively few women in our sample withziB
or more years of schooling, so that sex differences do not account for much of
the total group variation. This does 'not impiy that male-female wage differences
are not present (see below), just that in this br;nch the effect of sex on wage
rates may be swamped by other characteristics.

The algorithm produced thirteen final groups. Using a priori judgement with
a vie& to having groups not toou dissimilar in size, several of the final groups
were collapsed so that we finally arrived at eight reasonably hcmogeneous human
capital groups of primary worke.-s. These groups are listed in Table 2 alggg with
their alphabetic identifiers (which.will be used th;oughout the paper). For each
group the Table also reports the nurmber of primary workers and their proportion
of the total state sample, their average hourly wage rate, and their implied units
of utilized human capital, using Group 4 M-0-H as a numeraire.

The group with the highest average hourly wage rate are college graduates who
are 36 years and older. Younger college graduates of both sexes had wage rates
approximately the same as older male high school graduates and below those of older

males with some college, indicating that expcricnce (as measured by age) does sub-

a6
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TABLE 2

Human Capital Groups by Demographic Characteristics, California Primary Workers
1970 Census Public Use Jample

Observations Avetage Units of
. Hourly Utilized
Number Proportion Wage Rate Human Capital

1.

8.

Male and Female, age 35-over
College graduates (M/F-0-C) 513

Male and Female, age 16-35 ‘
College graduates (M/F-i-C) 313

Males, age 36~over, School

0-11 years (M-0-NH) ' 790
Males, age 36-over, High

school graduate (M~O-H) 742
Males, age 36~over, Some

college (M-0-SC) 42
Males, age 16-35, School

0-15 years (M-Y~-NC) 1127
Females, age 36~over, School

0-15 years (F-0-NC) 392
Females, age 16~35

School 0-15 years (F-Y=NC) 293
Total Sample 2,590

."112

. 068

172

.162

.092

<245

.085

. 064

1.000

7

$ 7.79
5.56
5.00
5.67
6.17
4.28
3.50

2.83

$ 5.11

1.37

.98

.88

1.00

1.09

75

.62

.50




stitute’ for education. Morcover, the sex compusition dificrence between Groups

M/F-Y-C, and M-0-11 and M~C-SC ig a slight factor: younger wale college graduates

had wage rates of $5.78, slightly higher than older male bigh school graduates
> b

and still below older males with some college. <he lower wage rates of female

primary workers can be inferred from a comparison of Groups M-Y-NC and F-Y-NC,
and F-0-NC Qith an average of M-0-NH, M-&-H and M—O~NC.‘~Moreover,'among college
graduates, wage rates of oider femalesyaverage $4.71 compared to $8.18 for their
male counterparts, and those of younger females average $4.43 compared to $5.78
for younger males. The striking feature is that the human capital of college

4

graduate female primary workers fails to .grow at anything near the male rate

over the life cycle. Other detail not shown indicates a similar phenomenon. for
females vis-a-vis males with less than college degrees. Among the younger females,
the differen;e betwéen those with 0-8 years of schoéling and those with some college

is only $0.19 per hour compared to $1.28 for males; among the older females it is

$0.67 compared to $1:17 for males. In sum, average wage rates correspond closely

to educational levels althongh there is a trade-off bc&wean schooiing and experi-
ence. Average wage rates of female primary workers aré less than corresponding
male workers and the pay-off to more schooling is also lower fe: females. -

The analysis of variance technique bae been used to delineate eight groupiags
of primary wcrkers in California which are reasonably homogeneous in wage rate§r
and, therefore, in utiiized human capitéi. This structure ic applied to each ‘
state to create sixteen groups of workers —— eight primary and eight secondary -—-
from the 120 family types. Accordingly, there are sixtcen labor-supply observa-
tions in each state. !

In addition, to the economic variables, socio-demographic information for the

individual is extracéed'and the associated human capital group variables are built




up from individual characteristics. Appearing in the. labor supply equations are:
RA&EP, RACES; AGEP, AGES; SEXP, SEXS; EDUP, LDUS; SPOUSE;.DPENDP, DPENDS; and URBAN. ‘~
The P and S suffixes dfnote primary and secoédary workers respectively. For cacﬁ
group in each state:. RACE is the proportion of white workers; AGE is the propor-— .
tivn of prime-age workers (22-54 years old);-SEX is the propor;ion of males; EDU

is the proportion of high school graduate;; SPOUSE is the proportion of families
with spouse present in the household; DPENDP is the proportién of families in which
there are financially dependent chiidren (those less than 18 years of age), while
DPENDS denotes the proportion of families with aduit secondary workers who also
have dependén£ children;.and URBAN is the proportion of femilies 1living in urban
places. We note that since the characteristics of the primary.zcrier define the

family type, SEXP, and EDUP take on only O to 1 values for some of the groups.

KU
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III. STRUCTURAL EQUATIONS SPECIFICATION

‘In this section we specify the relative human capital, éupply, and

~

denand equations used Lo predict wages and hours for primary and secondary
¢ +
workers in each of sixteen humun capital groups in, each of thirty states
v ' and state aggregates. WYe present a rationale for the variables which have

deen included in the equations and discuss the methods employed o estimate

the simultaneous equations model. i to -

-

Relative Wage Equations w"‘\/

<

The reader may recall that in equilibrium and under the assumptions

thatwwe have made, relative primafv wage rates (any primary group vis—a-vis

the numeraire group) and relative secondary wage rates (zny cecondaLy gréup

o vis-a-vis its primary) are equal‘to their corresponding relative stocks of:

[y

hunan capitq}(’/To estimate the relative stocks of human capital for each

group we have chose an analysis of variance-regression model in which the

.
A

. logarithm of the relative wage is the dependent variatie and the explana-

. . - 15 .
tory variables are demographic variables. The primary relativeswage rate
equation is v

-

- -~

P /Py = ap L .
(3.1) 1og(wij/waj) a)Dygt e Faghy agDst o +age T Y, ‘

‘¢ . L

L)

~

where M-0~-H ie the numeraire group, and the D's are binary variables with

one for each age-sex-education inceraction. The error term is dencted by Ti‘.

-

/ .Relative primary wage rates for each group are estimated over the thirty

state observations and the predicted valﬁeg are tuaken as estimates of equili-
‘brium relative stocks ot human capital. We denote them, following (1.5), ny

K /kP, for 1= 1, ..., 8,5, ... 8.

40
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oSpccification of the relative sccondary wage rTate equation follows

analogously:

1743 171§ ¢ 3°33" 4 43 883

L} o

(3.2) log(Wi /WP) = bD + ...+ bD.+bD, t ...t DD Gij'
Relative sccondary wage rates for each.group are éstimated over the thirty
state observations and the predicted values are taken as estimates. of the
equilibriun ratio of primary tovsecond§ry stocks of human capital. Fol-
lowing (1.7) we denote them by Ki;KE, for i = 1,..., 8.

In additiéﬂ té the binary age-sex—education variables we also intro-
duce a soutﬁ/non-south dumm™ v;riable NS to test for regional variation in

. N

relative wage rates. If, in the first place, there is differential dis-

~ ’
crimination across states confronting one or sevexal human capital groups:

the proportion of utilized to actual human capital will vary accordingly and

some of the variation may be explainable by a simple'dummx”yariébiéf Second,

a v

.

e ¢

there has been much discussion of the variation ifi “the quality of schooling
across the country and, particularly, that the quality is lower in the"South.
1f the guality of schooling i's not uniformiy inferior across groups in the
South then its presence‘sh;uld be refiected in regional variation in relative
Wage rates. The southern state observations are: Alabama-Mississippi, Arkan-
sas—0klahoma, Delaware-Vifé{nia; District of Coluﬁbia, Florida, Georgia, ﬁen—

tucky, Louisiana, Maryland,,North Carolina-South Carolina, Tennecssee, Texas,

and West Virginia.

- . .
5

Labor Supply Equation

The pclmaffrsupply cquation in its feedback formulation is given by’




(3.3 WP /F,, = + P4 P 42 S §° n
3.3) 23/F35 = Cop * CugMyy o Wyg)” ¥ eqy (WygHyy + Y0 /Fy,
+ CEP, . + +
. Cui RACE 1j Cey AGEPij + Cei SEXPij a4 EDUPij .
. \
+ URBA + 0 '
gy Nij‘ Cgyq SPOUSEij + 01 DPENDPij + eij’ y
wherc Eij is a random error term and the socio-demographic variables‘%*til ‘
been defiped in the previous section. There are eight primary human cap tal

: groups (index i) in each of thirty states (index j). 1In our estimation work .
we take as the null hypothesis a simple;, recursive formulation ——‘primary
hougg‘suppiied are independent of seconhary earnings — and examine whether

| the data sujnort the more complex feedback behavior. In addition té our praf-

., erence for siypler over complex formulations, it has also been coniectured by

other ¥esgarchers that the dependence of the primary worker upon secondary

’ earnings is small relative to the dependence of the secondary worker upon

primary worker earnings%6 The argﬁment is that the g}istence of positive
secondaFy earnings may reflect the fact that the head of the family is/not
wéfking as well as being a determinant of the number of primafy hours worked.

We experimented with regressions for each group separately and with
'stacking seQeral groups in a regresslon——the extreme case being all eight groups
in one regressioﬂ,of 240 observations. In separate regressions for certain
groups note that SEXPij and EDUPij are constant across states and consequently'
excluded. In a stacked regression we are assuming the samé wage.rate~and in-
come response behavior from one group to another but are allowing for different
demographic characteristics between groups to shift the labor supply curve.

Given the Census definition of head of family we expect the labof’supply

) response of peopl in male-headed families to be different from that of people
. in female-headed families. Male-headed and female-headéd families are strug-

turally differcnt; in the former there may be a spouse, while in the latter by

[4
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definition there is no spouse. When there is a spouse present the family . -
has an additiounal factor of proddction and the primary worker enjoys greater

flexibility in allocating his time between work, non-market work, and lei--

sure. The female head becomes resporsible for both earning a living and taking )
care of the home and children so that her labor supply résponse to market wage

rates is influenced by a host of limiting considerations.

The sex of the family head also determines the composition of its secon—
dary workers. Female-headed families do not have an adult spouse as part of
their secondary worker labor force. In these families the supply of secon-
dary hours is composed of dependents and other individuals related to the
head. We conjecture that the compositional difference may yield different
labor supply response bghavior on the part of secondary workers.

We have also used "permanent" or potcntiél wage rates instead of actual
wage rates in the supply equations. It has been hypoéhesized that the family's
labor supply decision revolves around its perception of potential income over
the intermediate term horizon rather than current earnings. The labor Supp}y
behavior observed is strongly influenced by expectations which themselves are
shaped by economic institutions and demographic-education fact:ors:.L7 The
model was also estimated with actual wage rates but gave inferior estimates.

‘The basis for our application of human capital theory to the labor mar-
ket model is the assumpti;n that differences in potential wage rates are pri-
marily attributable to differences in productivity. As a first approximatioﬁ,
we use the combinations of demographic characteristics employed in the defi-
nition of human capital groups as praxies for productivity differences. Accord-
ingly, we take the estimated relative stock of human capital as a measure of

Pg v 4
average relative productivity of groups, and construct potential wage rates

ERIC | a3
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as follows:

~

P
(3.4) “13

4

D7 Py P
(I\i/Kl‘)Wl‘*j .

Ve

In equiiibrium the representative primary worker (of the ith family type and
Jjth state) can be thought qf as Paving expecfations of a wage rate propor-
tional to that of the numeraire‘group, the cdhstant of proportionality beipg
" a measure of his(her) relative productivity. We also note that the concept
of pétential wage rates éives us a method for imputing a wage rate to a group
which has reported zero hours and earﬂings and consequently, for whom the ac-
tual wage rate ;s undefined. | '

We seek to explain the variation in the supply of hours from the repre-
sentative primary worker of each family type over the state pbservation;.
A priorl expectations are for increased s;pply in responsé to increased wagé'
rates (cli>0) t?ough backward-bending phenomena may be observed (cZifp).
There is a presumption that primary hours supplied will vary inversely with '
the sum of secondary earnings and family non-labor income (c3i<0); this as-
sumes that the primary worker's consumption of léisuFe would increase ag f
family income i;crcases. Two variables arc introduced to account for the
influence of marital status and the presence of children. The ;resence of
a spouse or dependents may entaii greater financial responsibilities and may
alter the family head's prefercnce for work over leisure; we would expect
c9i>0.and c101>0. Geographical location may also influence the income-leisure
choice. In highly urbanized areas, the alternative of leisure may be less
compelling because of a higher,opportunit& cost of leisure, the external in-
fluence of others in determining one's own consumption patterns and bécause

- >

of a possible increased cost of leisure activities; we would expect c81>0.
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The white/non—white‘v;ridble reflects any differences in taste pref-
erences for work versus leisure, including those resulting from past occu-
pational discrimination. The use of a prire/non-prime age variable reflects
several considerations. Individual work preferences vary over the life cycle.

Py =

. The difficulty of borrowing for consumption in early adult life may require
greater work effort during\those early years than in later years. Older
workers may choose to curtail their work effort in order to maintain their
hedalth or at least their ability to enjoy leisure hours. ' The sex variable
accounts for differences in work-leisure preferences resulting from the'more
1imited opportunities for work of female heads as weli as the presence of
programs Such as AFDCAwhich primarily affect work effort of female heads. A

_high school graduate versus non-graduate variable reflects different taste
preferences for work which may arise in part from the fact that graduates are
likely to havé more opportunities for employment. It should be noted that a
logarithmic formulation of primary supply was also estimated but found 8ener-
ally inferior in terms of signs and significance levels to the quadratic
formulation.

The supply curve of a representative secondary worker is estimated using
a quadratic formulation:

-~ . L4

s s 2 P ,P n
+ + + +
d, W i dZi(wij) d3i(wij11ij Yij)/Fij

s )
(3.5) Hij/Fij = doi 134

; + + +
+ d,; RACES,; dg; AGES,, dgy SEXS,, d,, EDUS,

+ SE, ., +
+ dg, URBAN , + dg, SPOUSE,, d + n

8i 3 9 i DPhNDSi

10 3 i3’

where nij is a random error term. We also experimented unsuccessfully with a

logarithmic formulation. As with the primary supply equation we ran Iegres=

v

"Bions on groups separately and stacked. r «
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!

> - Secondéry workers are expeocted to increase their work effort as wages
inc;ease (dli>0) though supply may bend backward (dZiQO). Secondary hours
also are expected to vary inversely with other fanily income (d31<0), though
a positive sign may indicate a preference for market work by the secondary
worker (housewife) when family income is sufficient to either mechanize the
home work or hire a substitute. The proportion of white, prime age, male, .
high school graduate secondary workers iﬁ the state for a given group are -
variables which control for differential tastes for work versus leisure,
in the same way that RACEP, AGEP, SEXP, EDUP do in the primary supply equa-
tion. The proportion of families with spouse present accounts for différ-
ences in family composition. Finally, the presence of dependent children in
"a family is surmised to affect the work—leisure choice of the spouse; the
direction is indeterminate (dlojEO), depending on the spouse's hourly wage
rate relative to child care costs and the value of house (non-market) wérk.

. Just as in the case of. primary workers we take the estimated relative

stock of human capital as a measure of average relative productivity of

groups and construct potential wage rates:

;! s7,P\ P ‘
. = KW .
(3.6) Wy o /DM
a ) ~f
The represcntative secondary worker is expected to recieve a wage rate propor— .

tional to the potential wage rate of his(her) primary worker, the constant of

proportionality being a measure of relative productivity. .

e

Labor Demand Equation

We express the market demand for labor services in equivalent—-quality .
hours (i:e. units of Group M-0-H hours) and posit that the demand per dollar

of product output in a state (NOUT) is explained by the pievailing wage rate

a6
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for numeraire group workers and the industrial composition in that state

(NOUTI). Following (11) the equation is

) e NOUTI +0,,

d .
3.7) log(Hj/Nourj) log(eo) + e log(w 3 52

43

where Oj is a random error term. Total equivalent-quality hours, H;, are

derived by (1.9) using the weights estimated in (3.1) and (3.2):

(3.8) pd = z(xp/xp)u" +L(K /Kp)(xp/xp)u

37 1] 13
An estimate of the elasticity of demand for equivalent-quality hours with
respect to the numeraire wage rate is given by e;- An estimate of the effect
on the demand for labor of a shift in industrial composition is given by e,-
A negativg coefficient is consistent with the greater labor intensity of the
service sector.

We turn now to a discussion of the methods employed to estimate the sup-
ply and demand equations. The simultaneous equaéions are estimated using aﬂ
instrumental variables method. Moreover, since the model is nonlinear we '
augment the exogenous variables with instruments which lncorporate information
regarding the specific form of nonlinearity in each equationf Accordingly,
for the demand equation, (3.7), we augment the instruments with the logarithm
of the fitted value of wz based on a regression of all the exogenous variables,
which are the other instruments for the equation. For the supply equations,

we augment the instruments with the square of the fitted wage rate and the

product of the fitted values of H° and W’ in the primary equation, and with

the square of the fitted value of W and the product of the fitted values of

19
HP and wp in the secondary supply equation.
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In the model, there are two exogenous variables, NOUT and NOUTI, deter—
mining equivalent-quality labor demand. Moreover, for cach family type, there
a;e‘ﬁine exogenous variables: F,‘Yn, URBAN, SPOUSE, DPENDP (DPENDS), RACEP(RACES),
AGEP(A&ES), SEXP (SEXS), and EDUP(EDUS) determining primary (secoﬂéary) worker
labor supply. Therefore, if all the exogenous variables in the model were'
used in the estimation o? the demand and supply equééions, there would be 112
instruments (14 variables times eight groups) in addition to the, two output
variables and the fitted instruments. Needless to say, this would present a
severe degrées of frecedom problem in estimation since we have observations from
only 30 states or groups of itates. To circumvent the problem we have selected

2

the most important éxogenous variables for use ;s instruments in each equation.
For thé primary (secondari) supply equations, we have chosen as instruments

the two output variables, the nine exogenous variables corresponding to the
group for which supply is being estimated, and the corresponding fitted instru-
ments as described above. Forrthe demand equation we have ch&sen not only the
output variables and the logarithm of the fitted wage, but also the exogenous

variables for the numeraire group, since demand is measured in terms of hours

supplied by the head as a function of his/her wage rate.

ax °
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IV. ESTIMATED STRUCTURAL EQUATI1ONS

In this section we present the estimates of the relative wage, the labor
supply and demnﬁd equations. The estimates are discussed and compared with

those obtained from similar labor supply models and data bases by other inves-

tigators.

Relative Wage Equations

It may be recalled that a major implication of our model of (absolute)
wage rate determination is that in equilibrium relative wage rates are deter-
mined by relagkve stocks of utilized human capital and therefore are constant
across state labor markets, aithough we do test for regional (Scuth vs. non-
South) differences. The estimated coefficients with standard errors in paren-

theses are reported below:

.1) 1og(w‘i’j/w§j) = .399 D, + .069.D, ~ .185 D, + .123 Dy - .254 D¢
(.022) T (.022) £ (.022) @ (.022) ° (.022)
- .553 D, - .585 Dy + .054 NS
(.022) (.022) (.o15) °’
g2 = .91, S.S.R. = 2.43, S.E.E. ‘= .11, NO.0BS. = 210,

where R2 is.the coefficient of determination, $.S.R. is the sum of‘squared
residuals, and S.E.E. is the standard error of the eétimate. The coefficients’
can be interpreted as the percentage deviation of the wage rate of the group
in question from the ;age rate of the numeraire group when the absolute dif-
ference is not large. The south/non-south dummy is significant and indicates
primary relative wage rates are higﬁer~in the non-south states. We note that

the standard errors are identical because the binary variables are independent.

ag
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The high proportion of variance explained as well as the low standard error

of the estimate is strong confirmation of the reasonableness of assuming that
relative wage rates are constant across states for the human capitalzgroups
that have been delineated. .

In Table 3 we present the escimated relative primary wage rates (or human
capital stocks) along with the associasted multiplicative standard errors in
parentheses for each group. The relative primary wage equation corroborates
over all states tﬁe disparity between the wage rates of male and female pri-
mary workers, and the higher wage rates of more educated people with a trade-
off between education and experience which was first observed in the formation
of the human capital groups by looking at California primary workers. Indeed,

the relative wage rates reported in Table 3 not only xeflect the same human

capital ordering in California (see Table 1), but the ratios are also similar

in size, —- especially the non-college graduate groups. This similarity and
the high explanatory power of the relative wage equation supports the use and
results of the one way sequential analysis of variance procedure in forming
homogeneous human capital groups from California data an< applying that struc-
turc to the other states. .

We turn now to the estimation of the relative secondary wage rate or
human capital equation. Tf the assumption of high correlation between the
human capital stocks of secondary workers and their associated primary workers
holds and if primary worker relative human capital stocks are indeed constant,
then the ratio of secondary to primary human capital stocks st uld be approxi-
mately constant across states for each group. To estimate this ratio we re-
gress thc logarithm of secondary to primary relative wage rates against a set

of 8 binary variables represcnting age-sex-education combinations. We also
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TABLE 3

ESTIMATES BY HUMAN CAPITAL GROUP
FOR PRIMARY AND SECONDARY WORKERS

(multiplicative standard errors in parenthesis)

RELATIVE WAGE RATE OR HUMAN CAPITAL STOCK- -

o

M = male head

F = female head

0 = age 36-over

Y = age 16-35

C
SC
H

i

i

i

some college

college graduate

high school graduate

NC = nonr-college graduate

NH = non-high school graduate

\
/

HUMAN CAPITAL GROUP PRIMARY WORKERS wi/wz 1 SECONDARY WORKERS wi/wg
SEX  AGE  ED Non-South  South Non-South  South
1 M/F 0 c 1.57 (1.02) 1.49 (1.02) .52 (1.03), .54 (1.04)
2 M/F Y c 1.13 " 1.07 " .83 " .86 "
3 M 0 NH .88 " .83 " .68 " 5 B
4 M 0 H 1.00 1.00 .60 " .63 "
5 M 0 sC 1.19 " 1.13 " 57 0" .59 "
6 M Y NC .82 " .78 " .80 " .84 "
7 F 0 NC N .58 " 1.03 " 1.08 "
8 F Y NC .58 " .56 " .92 (1.04) .96 "
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2

introduce a dumny to test for a regional difference in relative wage rates.
: .

The estimated coefficients with standard errors in parentheses are reported

below:
(4.2) 1og(wij/w‘;j) =~617 D) - .145 D, - .345 D, ~ .453 D, - .520 Dy
(.035) (.035) (.035) (.035) * (.035)
- .176 D¢ + .074 Dy - .037 Dg = .046 NS,
(.035) (.035) (.037) (.023)
2

R = .63, S.S.R. = 17.36, S.E.E. = .180, NO.OBS. = 237.

The gouth/non-south dummy is negatively signed énd significantly different
from zero, indicating that relative secondary wége rates are greater in the
south. ~ We note, however, that relative secondary wage rates are hiigher in
the south by approximately the same percentage that relative primary wage
rates are lower in the south, so that secondary wage rates relative to the

) numeraire group display small south)non—souch differences. In Table 3 the
estimated ratio of secondary to primary relative wage rates along with the
multiplicative standard error is presented.

A priori we would not expect gecondary wage rates to exceed primary wage

rates in the male-headed ~»~wng, while that possibility cannot be ruled out

among female-headed families. In general we would expect that among the

higher human capital groups there is apt to be a greater relative difference
bétween the human capital of primary and secondary workers than among the '
lower human capitzl groups because utilized human capital is not evenly dis-
tributed. The results support these a priori notioms.

Judging from the summary statistics, relative secondary wage rates dis-

play more variability across states than do their primary counterparts. Never-
theless, the assumption of approximate constancy is not unreasonable with the

goodness of fit obtained. The greater variability is not surprising in view
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of the fact that human capital groups have been defined in terms of the pri-

mary worker's characteristics.

Labor Supply Equations

As already mentioned we experimented with separate supply equations for
each human capital group and with stacks of~eQua;ions. For primary workers
we found that separate equations (except for the M/F-0-C and M/F-Y-C groups)
gave results most in accord with our g_gfiori notions. Evidently there are
significant wage rate and income response differences among groups because
stacking groups which gave reasonable estimates separately usually produced
inferior results. The one exception was the college graduate groups for
which we did not findg significant responsc differences. Beginning with a
preferenci\for‘the simpler, recursive formulation we found no evidence for
rejecting this innfavor of the feedback formulation.

In Table 4 the primary supply coefficients and standard errors of the
quad;atic recursive formulation are reported for each human capital group.
All the supply curves bend backwards, at rates ranging from $2.33 per hour
for Group F;Y-NC to $7.83 per hour for Groups M/F-0-C and M/F-Y-C. The
income term cocfficients have the thecorectically expected sign in four equa-
. tions, two cases of which are statistically significant. In the femalc-headed
family groups and the young, male, non-college graduate group the coefficients
indicate that labor supply increases (le%sure decreases) in response to an
increase in unearned income. Although statistically significance cannot be
attached to the coefficients, the response 1is certainl;\blausible for the

younger groups in which the heads have strong job commitments and hence pref—

e
erences for earnings relative to leisure. A similar argument could be made ™ _

L
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for the group of older femaie primary workers on the grounds of family-head

responsibilities in a family without substantial secondary earﬁlugs.

¢ Several of the éocio—demographic variables played significant roles in

four of the supply cquations. Not surprisingly, the prime-age variable, AGEP, '

was significant only in the 36-over years old groups: M-O-NH, M-O-H, F-0-NC.

The direction of its effect suégests that labor supply tends to be greaterw

for peopole of prime age vis-avis people over 55 years old. The influence

of marital status (SPOUSE) was significant in only one of the male-headed

. family groups (M—O-H),{gnd the presence of dependent children (DPENDP) was
significant only for the younger, male group (M-Y-NC). Geographic location
(URBAN) was a significant influence in two equations; in these cases living

N "i{n urban areas is assoclated with greater labor supply. No significant asso-

ciation between race and labor supply was found. Finally, in the three grouvs

characterized by 0-15 years of schooling, those with high school diplomas did

not hayve significgntly different labor supplies. The coefficient of de-

termination 1is gréater than 0.50 for all thé groups except for F-Y-NC.

Furthe; evidence of-the good fit is provided by the standard error of the

'estimatc which ranges frgm 57 to only 153 hours compared to average labor

supp ‘es Af 670 to 1820 hours per year for the groups.

“

- We now turn to the estimates of secondary worker supply equations. In
contrast to the primaryvsupply equations, more reasonable supply parameter
estimates for secondary workers were obtained by stacking the groups in three
sets -- college grad.ates, male-ﬁeaded, and female-headed family non—-college
graddatc - ther than estimating'separate equations for each group. Evidently,
the additional demographic~education variation introduced in stacking and

; similarity of labor supply response behavior of the separate groups were fac-

tors in causing the better fit. The compositional difference between secon-

° %
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dary workers in families headed by males vis-a-vis females provided a natural

]
partition among the non-college graduates and wa% found to give better esti-

. mates than the other partitions tried.

In Table 5 the secondary supply parameter estimates and standard errors.

i st

are presented. Response to wage rates 1s backward}bending and statistically

significaui for both male and female-headed family’non—college groups but not

for the college graduate groups. Other family income is significant.only

for the male, non~college groups and opposite in effect to that expected.

"This may indicate a preference }ty. the housewife for market work when husband's

earnings are sufficient either to'mechanize the home work or to hire a substi-
tute. This finéing is also consistent with the increasing labor force ﬁarti—
cipation of women in the last decade. At least ome socio-demographic v;riable
was significant in each equation. They reflect, in large part,-the composi-
tional difference among secondary workers between male and female-headed
families. The goodness of fit, as measured by the R2 and S.E.E. summary sta-
¢
tistics, maEches that for the primary equatioms.

We have estimated supply equations for primary and secondary workers par-
titioned into homogencous human éapltal grounps. The units of observation have
been viewed as average or representative workers of each group. Im order to
get some indication of how our estimates compare wiih those of other inves-
tigators we calculated the total income elasticity (TIE) and compenéated
substitution elasticity {CSE) for the average worker in each group?O

Precise comparisons with other reSearchz however, are not possible because
model specification, data base, and estimating techniques vary considerably. A

major difference is our use of groups or average workers rather than single

individuals. Nevertheless there are other aspects of similarity. With regard

K
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to data sample, this research is similar to that by Ashenfelter and Heckman;

Boskin; Cohen, Rea, and Lerman; and Garfinkel in that the samplé is not

stratified by income level?l‘rhey focus, however, only on prime age males.

if’one compares dependent variab}es our model is :imilar to Hall's who-also

E]

: 2 )
included all people in the labor force in his data sample.2 Other inves-

tigators have eitheg chqsen a two-stage proéedure in which the labor force
iarticipation decision and the hours of work decision are separated, or they
have restricted the sample to those actually working?3 Like Hall,‘Boskin,
and Kalachek and Raines,zawe explain w;ge rates by demographic characteris-
tics in a first-stage and derive a set of potential wage rates rather than
use the observed values ;n the supply equation estimation.

The TIE is defined as the percentage change in lahor supply witﬁ respect
to the percentage-change in "total" income. It should be neéative if leisure
is not an inferior good and not smaller than -1 if income is not inferior.

5

It is the elasticity implied in the 'supply equation estimation waighted by the
ratio of earnings to the income variable used (in the estimation). Hence, if
uncarncd income is the variable used, as it is in ouriprimaryisgpply equgtion,
then we effectively inflate Fﬂe estimated eiasticity by (prp/F)/(Yn/F) to
obtain the family-hcad TIg. In the scecondary supply equétion the income vari-
able used is WpHp+Xn, and to obtain the TIE we effectively deflate the esti-
mated elasticity by (WSHS/F)/((prp+Yn)/F). The TIE does not depend on the
size of the income components used to measure the income variable and a com-—
parison of income eclasticities is thus facilitated. The CSE is defined as the
wage elasticity minus the TIE and should be posit}ve according to the assump-

-

tions underlying the income-leisurc choice model.
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For primary workers, the CSE and TIE estimates for the college graduate
groups and the older, male-headed family groups were ;f the theoretically
correct sign and were similar in magnitude to those values reported by other
investigators of prime-age male labor supply. For the younger, male group
and the female-headed family groups, however, the CSE's were negative, result-'"
ing from a comgiuation of positive TIE's and negative wage rate elasticities
at the mean wage rate on the supply curve. Similarly for seconda;y w?rkers
the CSE's were negative for all but the female-headed family groups. Thus,

where comparisons can be made our results accord with the most recently

available empirical evidence..

Labor Demand Equation

The demand for total equivalent-quality hours is significantly respon-
sive to market rates but apparently not to differences in industrial struc-
ture. The estimated relationship is

(4.2) log (HI/NOUT) = 6.675%%% ~ 1.049%+*1logt - .013 NOUTI
iy 4
" (+20) (.13) (.13)

R = .75, S.E.E. = .064, NO.OBS. = 30.
The estimated demand elastiéity with respect to the wage rate of 1.05 is in_-
agreement with other studies which appear to be convergiﬁg on an estimated
value of unity for the elasticity of substitution?S .

The empirical result that the industrial composition of output (NOUTI)
does not have a statistically significant effect on the demand for labor may
at first blush seem counter-intuitive. It is generally felt that ihe service

sector is more labor—intensive than the non-~service sector. This does not

mean, howewvar, that the service sector employs more labor in equivalent-quality

59




1.46

units than does the industrial sector. In general, the former has lower
wages and by implication lower quality labor than the latter. Therefore,
more people can be employed per unit of output in the service sector with- ﬁ

out it being more labor intensive than the industrial sector.

’

-~
»
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V. COMPLETE MODEL SIMULATIONS

In this section we evaluate the model by comparing the actual and pre-
dicted values ?f the endogenous variables by state and human capital group.
We next analyze the éffects of exogeéous changes in output and population
upon the structure of earnings .and income by groups.

Model Solution 3

Our simultaneous equation model of the labor market is composed of
a demand edLation for equivalent-quality hours (within whigh is imbedded
the equilibrium condition), primary supply and relative wage equations,
an& secondary supply and relative wage equations. Endogenous variables
are annual hours and wage rates for 16 age, sex, and education 8roups.

To predict with the model, we solvg this nonlinear system of equa-
tions using an iterative solutign technique. The recursive éormulation
of the primary supply equation allows the substitution of the primary into
the secondary supply equations. Secondary hours can then be summed and
the simulation reduced to one excess demand equation in one unknown, the
numeraire group wage rate. Because the supply equations are backward-
bending, however, there is the possibility of multipie solutions (equili-
bria) or no solution to the model. In the case of mo;e than one solution
we report the solution which is closest to the actua) data. The alter—
native solutions, when they occurred, were at wage rates far outside the

realm of observation and, thus, not economically meaningful. There were

three states in which there was no equilibrium solution: Connecticut,

Illinois and New York. In these cases we chose the wage rate which
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minimi{zad the cxcess labor demand.

Model Evaluation

We report the endogenous variables separately by state and by human capital
group. We do not break out groups within a state or states within a group.
These cells are,. of course, the’building blocks of the model but space con-

’ K

straints prohibit reporting them here. Consequently we present for each

”

state (and the nation) and for each group average wage rate, hours, and
earnings for primary and secondary Qorkers, and earnings, unearned income
and total income for the family.

In Tables 6, 7, and 8 the actual, predicted; and percentage error
data are presented by states and for the nztion in 1969. Likewise, Tables 9,
10, and 11 report the same information by group. For primary and secondary
workers averages are calculated as follows: wage rates are weighted by hours,

|

while both hours per family, earnings per family, and income per family are
weighted by number of families. For the state tables the weighting is done
over groups; for the group tables the weighting is done over states. The
national averages are weighted over the states, the weights being the state's
share of the national total. For a particular group, wage rates, hours per
family, earnings per family, unearned income per family, and income per family
are weightedvand summed over states to form national averages, the wgiéhts
being the state's share in the national total of hours or families, as appro-
priate.

One striking feature of Table 6 is that for each state the average
number of primary hours worked by all families is considerably le;s than

- .

the full-time equivalent of 2000 hours per annum. There are a number of

reasons for the low average which Table 9 allows us to identify. (The
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1)

rcadcr is refcrred to Table 3 for identification of the groups.) 1in the
fi?st place, not all heads of houscholds necessarily work. This is partic~
urarly true since we include in the group of primary individuals many

who are onl& mérginally in the work force. While they can work, they

m?y n.t choose to work at the existing market wage. ‘For example, we do

not exclude those over age 65 or those participating in social welfare
/brograms without eﬁfective-gork requirements. The primary  hours forth~
‘~coming from the non- college graduate female-headed family groups are

alsp quite low. Perhaps these people as a group have a high AFDC partic—-

_ipation rate. Second, not all heads of households choose to work all

~

aéyear round. &Also,'many individuals may work all year round but choose to

satisfy their supply through part-time rather than full-time work. VFinally,

“

the Census referc?ce wcek may not be representative of the year as a
whole and constructing a measure of ;nnual hours by multiplying weeks
worked ‘last year by hours worked during the reference week could lead to
the lpwgr levels calculated. We tend to Qiscount this reason for all
groups, however, because several groups are, in, fact, working near the
_full-time equivalent. -

In all states bgt‘éhree an equilib%ihm solution was found anq a
glance aé Table 8 reveals that the percentage deviations between the
actual state averages and those predicLedbe the mddei are small for a
majority of the states. 1In generai we can say thap for‘primary workers
the wage rate‘errors exceed the hours errors, and Vice:versa for secon-

~

. dary workers, so that the secondary hours predictioas are noticeably

' worse than the primary hours predictions. Moreover, secondary earnings

&9
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{
etroqs exceed the primary earnings errors. We note, however, that family

earnings errors ire almost alwaysusmaller than their components because
wage rate and hcurs ;rrors offset each other as do primary and secondary
earnings errors in many states. Striking examples are: Connecticut, ’
Illinois, and California. Fﬁrthermore, when states are aggregated their
errors d;amatically offset each other, producing quite small errors for
the nation as a whole: wage rate,hours, and earnings errors l2ss than
five percent for secondary workers and less than three percent for primary
'yorkers.

From a group perspective (Table 11) the percentage errors are smaller
than from a state perspective, though we observe the same pattern: the
model does a felatively better job with primary hours and secondary wage

-

rates, and primary and secondary wage rates, and primary and secondary
worker earnings errors offset each other to produce family earnings esti-

mates with errors of less than one percent on average.

Exogenous Output and Population Changes

To derive from the model the effects of exogenous changes in national
output and population upon the distribution of income in each state labor
market, we introduce shifts in the supply and demand curves and then
solve the model for the new équilibrium values. An exogenous expansion
in natioral output or income is represented by a proportionate increase
in state output and a proportionate increase in unecarned income so that
Yn/F is also increased. All other exogenous variahles are unchangéd.
Second, the effects of national population change are explored by an

across the board increasc in the number of families with all other exogenous

variables being uﬁchanged.

70 ”
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Before analyzing these cases in detail a few gencral remarks about
the results may be helpfulj By looking at averages we are observing a
mixture of compositional effects (across groups in a given state, and
across states for a given group) and‘individual family or market effects.
The reader willﬂrecall that in forming the.e averages, wage rates are
weighted by hours, while hours per family are weighted by families. The
family weights will not change, but the hours weights may change since
hours are endogenously determined. Hente, wage rates and earnings per
family will be affected by compositional changes, the former directly and
the latter indirectly th}ough wage rate changes. We have found, however,
that the compositional effects tend to sopport rather than oppose the
individual effects. While we do not report the group—state detail, the
averages are representative of the components in that the qualitative
changes are reflected in the averages.

A one percent increase in state output (NOUT) will shift the : arket
femand curve to the right by exactly one percent due to the constant
returns to scale property of the underlying production function. The
associated one percent increase in unearncd income per family (Yn/F) shifts
five of the primary supply surves to the left and three to the right, and
shifts four of the secondary curves to the left and four to the right.
All the righward shifts in supply are by less than 0.50 porcent so that
together the demand and supply shifts produce excess demand at the old

Bl

equilibrium wage rate. Market forces increase the primary and secondary

wage rates to new equilibria which are 1.10 and 0.94 percent, respectively,

above the old values on.overage for all states (although the new wage

rates are slightly below the original ones in the disequilibrium states—




the result of comparing disequilibrium positions) as indicated in Table’/—‘\“-/~\d//)

12. The wage rate increases vary considerably across states. In some of
them the increcases in wage rates have absorbed more than the original
excess demand inasmuch as hours per family actually decreased in almost
half of the states as suppliers moved up the backward-bending portion of .
their labor supply curves. Over the nation primary and secondéry worker
hours per faﬁily have fallen by 0.19 and 0.80 percent, respectively, in N
response to the exogenous demand shift._ Wage rate changes dominated
hours changes so that for primary workers earnings per famiiy increased
in all except the disequilibrium states, while secondary earnings per
family increased in all but three other states. Family earnings increases
exceeded 0.90 percent for all but the disequilibrium states (virtually
unchanged) and New Jersey (0.67 percent increase).
In Table 13 the percentage chaiges in response to the output—-unearned

income exogenous increase are reported from the group perspective.

Primary worker earnings registered increases in all but the F-Y-NC group,
in which a large hours decline outweighted the wage rate increase. The
;izes of the carnings increases varied, from 1.75 percent down to 0.54
percent. From a glance at the wage rate and hours components we observe
that groups are ranked in the same order on both Hp/F and EP/F. The
groups rank in descending order on Ep/F increases as follows: ,F-0-NC,
4/F-Y-C, M/F-0-C,M-O-NH, M—Y-:NC, M-0-SC, M-0-H, and F-Y-NC. Primary
workers in the top two groups increased hours worked, whereas the others
all movéd up the backward-bending portion of their supply curves. In
general the groups are bunched into four sets: older female heads are on

top, while younger female heads are at the bottom; between them arc the

.
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college graduate, the older les; educated male, and the younge; male
groups on the upper side, and the older more educated males on the lower
side.

Relative to their primary workers, there was greater variation in
wage rate changes and larger hours changes among secondary workers. In
fact, hours decreases exceeded wage rate increases for four of the/éroups
so that their earnings fell. (Note what appears to be a spuriously large
increase in secondary hours for the F-Y-NC group resuylting from a large
estimated wage elasticity due to a small average number of secondary hours
in this group). Nevertheless, the secondary contribution is relatively
small and the prevailing family earnings pattg;d changes are .described by
the primary worker earnings component. In sum, one percent expansion of
output and unearned income is associated with family earnings increases
ranging from 0.51 to 1.55 perceAL and averaging 0.75 percent over all the
groups .

To examine the effects of population growth, we next introduced a one
percent increase in the number of families (Tables 14 and 15). The
re;ultant changes are mirror ‘images of the case just considered because
constant returns to scale~in demand from increases in output is matched by
constant returns to scale in supply from increases in the nurmber of families.
Since supply is in terms of hours per family a onc percent increase in the
number of families by'iﬁseif will increase total hours by one percent.
Moreover, aggregate supply is further increased from those groups in which
H/F increases in response to the implied fall in Yn/F. However, for those

groups with positive income elesticities a fall in Yn/F will also cause W/F
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4

to decline. Nevertheless,-sincé the largest positive income elasticity is
signfficantly less than unity, the exogenous changes do yield excess supply
at the old equilibrium wage rates. In response to this excess supply, both
pPrimary and secondary wage rates fall by more than would otherwise be
necessary in many states to compensate for the increase in hours per family
which occurs in half of the states as suppliers move down the backward-
bending portion of their supply curves. Primary wage rate decreases out-
weigh the hours per family increases so that primary earnings fall in

every state, while secondary earnings fall in all but the three disequili-
brium states and Ohio. The relatively large secondary earnings increase
exceeds the primary earnings decrease in the disequilibrium states so that.
family earnings rise'?n these three states but fall in others. y

i

From a group perspective, the excess supply associated with the one /
percent increase in the number of families is taken up by similarly siggd
primary wage rate decreases of slightly less than one percent and ﬁoufé
changes that vary-~three groups being on the upward-sloping.portion and
five on the backward-bending portion of their supply curves——from -0.24
to 0.87 percent. Accordingly, primary gorkers in these five groups
register smaller earnings decreases than workers in the other groups.

In fact, a ranking of the groups in descending order on Ep/F decreases 1is
almost identical (only the third and fourth positions are interchanged)
to the ranking on Ep/F increases caused by the exogenous output shift,
Thus, family heads which fare relatively better when output increases are
also likely to fare relatively worse when population increases. . More-
over, we note chat for primary workers in all but one of the groups the

earnings decrease associated with an increase in bopulation is smaller

than the earnings increase associated with the increase in output.
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The decrease in secondary wage rates vary across éhe groués from -0.39
to -0.95 percent while hours per famlly increase for all but the Icmalc;
headed family group secondaries who find themselves below the backward-
bending wage rate. Secondar; earnings fall for only four of the groups, -
but family eargings fall for all of the groups as the primary earnings |
changes dominate. In sum, & one pcrcent increase in the-number of families
results in excess labor supply which'is absorbed, on average, by a combin-—
ation of 0.97 and 0.85 percent decreases in primary and secondary wage
rates, respectively, and hours per family increases of 0.13 and 0.48 per-
cent for primary and secondary workers resulting from the increase in
demand caused by the wage rate decreases. The wage rate change; outweigh

the hours increase and family earnings decliné, on average, by 0.75 percent.



———

1.66

VI. CONCLUSIONS

In-this paper we have presented -an econométric labor market model
which integrates the theory of human capital with the theory of supply
and demand. The model explains primary and secondary wage rates, hours
and hence, earnings in eight mutually exclusive anqﬁcompletely exhaustive

'
family types across the thirty states or groups of states in the United
States. In this model we hypothesize that the average wage rate for a
group in a state is the product of the average stock of utilized human
capital in the group and the market rate of return on human capital in
the state. Relative wages in a state are then determined by the dis-
tribution of human capital across groups, while absolute wage rates and
employment are determined by the supply and demand for equivalent—quality
labor in the state. We also establish an empirical correspondence
between the distribution of human capital and the distribution of workers
by demographic characteristics -~ age, educatién, and sex - so that human

capital groups are defined in terms of these characteristics.

The model was estimated primarily with data aggregated from the 1970

C.nsus 1-1000 Public Use Sacole. Relative wage equations relating primary

workers across human capital groups and relative primary and secondary

workers-within groups were estimated by an crdinary least squares method.

The supply equations for primary and secondary worker;“aﬁakzﬁznaéﬁiﬁa Bl

equation for equivalent-quality hours were estimated by an imstrumental
yariables method with augmented non-linear instruments.
The estimated relative wage equations indicate a -large explained

variance in primary wage rates between human capital groups and a small |
|

Ny




unexplained variunce across states Within the same group. We found that

primary wage rates relative to the wage rates of a numeraire group ‘male .
heads with high school education, age 36 and over) are significantly lower
in the 80uﬁh. However, we also fouﬁd Lnat secondary wages relative to
primary wages were high iQ\EE? South. The estimated demand equation
describes a unitary elastic déhand for labor in response to variations in
markef, wages. The primary and secondary ;upply equations yield signifi-'
cant backward-bending labor supplies. Other family income and demographic

D)
«

characteristics were also found to have a sigdif?cant effect on labor
supply.

Predictions are obtained from the model by solving for cach state or
group of states the nonlinear, simultancous equation system consisting of
a supply’equation for primary and secondary workers in every human capital
group, relative wage equasions relating the wage rates in these groups,

a demand equation for all labor, and an equilibrium identity equating
suﬁply and demand for hours of equivalent-quality. We have examined th:
;Lility of the model to explain primary and secondary wageé, hours,

and earnings by state and, hence, for the nation as a whole avcraged over
all groups and by group averaged over all states. The ability ;f-the
model to explain the state averajes in 19é9 was very good; for *ue nati;n
it was excellent.

TWé alsoexplored-the effects of exogenous increases in output and

population upon equilibrium wage rates, hours, and earnings. In both

cases in response to the exogenous changes, we observed greater variation
of hours across human carital groups than variation of wage rates. . Although

hours changes displayed more variation, the wage rate change was larger
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and therehy dete-mined the direction of the change in earnings.s The
difgérential effects were dgternﬂned by the curvatu:e of the supply curve
arﬁund Ehe backward-bending wage rate and whether the group was moving
along the upward-sloping c: backward-bending portion of the curve. Flnally,
we observed that those family types which benefited the most f1.m an
increase in output(namely, the older female-headed group: both college
graduate groups; the older, less educated male~headed group; and the

vsunger male-headed group) were the ones to experience the largest decrease

in earnings when population was ificreased exogenousiy. 1In this case

°

»
earnings per family ragistered the smallest decreases for the yourger

female-headed group, and the older male~headed groﬁ?s with ﬁigh schrol

and some college. Correspondingly, these twn groupéfélso benefited ‘;ast
from output incrcases. Therefore, those who benefit:(suffer) the most from
output, (population) increases would suffer (benefit) the most from output

(population) decreases and vice-versa.

/
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1. Fuchs [14], Gallaway [15], Scully [34], and Segal [35] examine .
regional- wage rate differences. Griliches and Mason [19], Hanoch [22],
Hansen, Weisbrod, and Scanlon 23], and’' Hanushek [24] examine indivi- ..

dual earnings differenciale Hanushek examines earnings relationships

-over’labor market areas and finds large differences in the returns

to human capital and that much of the difference-in regional earnings can be
attributed to structural differences in earnings fr-ctions. We would attribute
these differences not to differences in the structure of human capital znd the
supply and demand for labor, but instead to differences in the level of unearned
‘income and in thé level and composition of families and output.

For the derivation of the supply equations from the maximization of

family utility, see Cohen) Rea, and Lerman’ [10], Kosters [28] or Rea

[32].

Zero cross~substitution effects is an assumption’ that if i utility
of the farily is held constant by ccmpensatory changes, then the demand
for leisure by the primary (secondary) worker is independent of the

' demand for leisure by the secondary (primary) workers. Thic assuwp-

tion is made by Rea [32, pp. 7-12] in his derivation of the supply
equations® and by Kosters [28, pp. 11-17] in a study of the effects

of the iicome tax on labor supply. Fe assumes that the income compen-
sated component of the (substitution) effect of the wife's wage rate
on thc husband's labor supply is small. In [29, p. 308] he proves
that the smaller is the ratio of secondary to primary earnings, the
smaller the bias in calculating the subst.tution effect ignoring the
crogs—substitution term.

The seminal piece is Becker [2}. Tor a survey of the distribution
of earnings literature from.a human capital viewpoint, see Mincer

[30].
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To be sure, past discrimination has inhibited the accumulation of
human capital with the outcome that current stocgs are lower than
they would have been otherwise. But there is also cvidence which
suggests that occupational discrimination in conjunction with supply
and demand for labor plays a large role in keeping wage rates low.
Fcc an empirical study see Bergman [3].

Berndt, and Christensen [4] relate the equality conditions on the Allen
partial elasticities of substitution (AES) to separability restrictions
on a function. Since Solow and Hulten related separability to
conditions for the existence of an aggregate index, Berndt's theorems
relate vestrictions on the AES to aggregation conditions.

In a production function stucy using national data over the period
1929-68, Betrndt and Christensen [4] find that capital equipnent and
structures can be aggregated to foxm a consistent index of capital,
but that it is not possible to form a consistent aggregate index of
blue 4and white collar labor, or blue collar labor and capital, or
white zollar labor and capital. .

Bowles [8] and Psacharopoulos and Hinchliffe [31], however, find
high, though not’infinite, elasticities of /substitution between
different types of educated laber in a cross country comparison.
Bowles has proposed incorporating. the estimate of the elasticity of
substitution into the weighting procedure for forming the index.

-

We believe that tests for consistent aggregate indices depend on the

\lével of aggregation of the compcnents, the data sample and the

production -function employed to do the test.

*Griliches [18] applies relatwo wage rates to obtain a measure of

labor input in constant quality units whcn estimating an interregional
production function.

Denison [12] also uses.-relative wage ratcs to adjust a’ historical
measure of labor hours for changes in the quality of labor service.
Schwartzman [33] employs an hourly earnings index to estimate the
contribution of education to the’ change in the quality of labor.

Sampling error 1is a potentially serious problem in our work because
‘of the way we have defined family types. We rely on che aggregation
of family types into human capital groups to keep sampling error

‘ manageable.

The putpose of the procedure is to obtain the value of income origin-
ating in a sector in a given state from the value of personal income
received in the state by employees in that sector. This is done

to reflect the unreported capital component excluded from estimates
of personal income.

9
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12,
13.

14.

15.

16.

17.

18.

19.

See Crandall, MacRac, and Yap [12] for a discussion of the regional
price index problem.

Those l1living in group quartersfﬁho are excluded comprise patients
and inmates, people living on army bases, and in college dormitories.

See Fuch§ [14, p. 4 and Appendix B] who calculates annual hours in

the same manner. .
The discussion which follows is an overview of research by Greenston
and Riordan [17]. A description of the Automatic Interaction Detector
algorithm is found in Sonquist and Morgan, The Direction of Inter-
action Effects, Monograph No. 35, Survey Research Center, JInstitute

for Social Research, University of Michigan, 1964.

Hall [21, pp. 112-113] also uses an analysis of variance model to
explain wage rates with demographic-education variables.

'For a discussion of the issue and some empirical evidence see Bowen
and Finegan [7, p. 30 and p. 70] and a comfgnt on another paper by
Hansen [6, p. 595]. A theoretical discussion of the issue in terms
of a family labor supply model is given by Gronau [20].

Potential wage rates are discussed and estimated by Kalachek and
Raines -[27, pp. 160-1, and pp. 182-5]. These researchers also refer
to work by Mincer for support of the role of "permanent" rather than

"current earnings in supply function estimation. Kalachek and Raines

emphasize the role of the i{ndustrial environment in snar .ng supply response:

“Most manufacturing firms, for instance, requixe the sume number of man-

‘hours per year from their production employees, regardless of rank or
earnings. The low-level semiskilled worker normally labors as long as the
_senior level semiskilled worker, though he may earn substantially less per
hour. Experience and seniority are the prerequisites for advancement in wages,
and they can be obtained only by working with reasonable competence for the
required number of manhours per year. The labor supply response of the
semiskilled worker who fulfills the company's manhours expectations cannot

be attributed then to his current wage, but rather to the average expected
wage discounied over his planning horizon."

Kalache. and Raines estimate potential wages from equ-cions fitted
by a multiple regression analysis using a subset or their population
in which sex-race-aga—education interactions and location are the
regressors. Our technique is similar in that demographic-education
information as it determines relative Human capital stocks (through
a variance - regression model) is used to estimate potential wage

2 rates.

Fisher [13, pp. 30-33] suggests the method of augmentation which we have
followed.




20.

21.

22.

23.

24,

25.

‘See Cain and Watts [9, pp. 330-337] for definitions of the total
income elasticity.

Cain and Watts [9] present a comparison of labor supply estimates
obtained by various investigators with emphasis on their implica—

tions for.income maintenance policy. The discussion here draws on

that comparison. Tt involves reseawch by Ashenfelter and Heckman [11,
Boskin [5], Cohen, Rea, and Lerman [10], and Garfinkel [16], Hall [21],
Kalachek and Raines [27], and Hill [25].

See Nall [21].

Cain and Watts [9, pp. 348-352] discuss the choice of the dependent
variable.

See Kalachek and Raines [27].

Jorgenson [26] surveys the empirical work.
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WAGE DIFFERENTIALS, HUMAN CAPITAL, AND
DEMOGRAPHIC CHARACTERISTICS

by Peter M. Greeﬁgton and Dale P. Riordan

Abstract

A sequential one-way analysis of variance procedure (Automatic
Interaction Detectoer) is applied to the explanation of individual
wage rates as a function of demographic and educaticnal character-—
{stics with data from the 1970 1-1000 State Public Use Sample for
california. One of the results of this analysis is that race 1is
not as important a predictor ih explaining average hourly wage
rates as are other demographic variables, nor 1is sex among higher
educated individuals. Age seems to be a stronger péedictor of
wage rates among individuals with a B.A. or advanced degree than
is sex. Race may be manifesting its effects, however, thr;ugh
other variables such as education. When an-explanation is sought
of the variation in wage rates o1 an entire population, rather
than an analysis of wage rate dif ferentials between two specific
demographic groups, racial or sexual differences may not account

for a substantial amount of the total variation.
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W@GE DIFFERENTIALS, HUMAN CAPITAL, AND
DEMOGRAPHIC CHARACTERISTICS*

by -
Peter M. Greenston and Dale P. Riordan
The Urban Institute

In recent years, much research has been reported which analyzes the
source of wage rate and earnings differentials within and a;ross markets.
The purpose of this paper is to apply human capital theory to an analysis
of wage rate differgntials within a labor market, using demographic char-
acteristics as proxies for human capital. Although this is not novel
In analyzing wages, our methodology is somewhat different in that we use
an analysis of variance technique, rather than multiple regression; to
explain wage rate differentials. This allows us to focus on the inter-
actions of a set of demographic characteristics in determining wage rates.

Previous research on wage rate differentials has coasistently employed
multiple regression techniques, often with no specification of interaction
effects between the independent variables. Fuchs, for instance, analyzes
wage differentials between the Soutg and Non-South in 1959, by race, age,
sex and educatioq. His specification, powever, is a simple linear one,
without interaction effect:s.1 Blinder utilizes the same vechnique in de-
composing wage differentials between males and “emales, and blacks and |

whites, by regressing wage rates on age, education, race, parent's incore,

et:c.2 The implication is that one would add the coefficients of ecucation

»

and work experience to get the combined effect of these two variables, but
Thurow has shown that when education and work experience are allowed to
interact, the combined effect is approximately four times as largr as the

3 , . .
sum of the separate cffects. Hence, previous estimates of the wage diff--

3
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erential between blacks and whites where blacks have less formal education
and less continuous work experience may be seriously biased downward.

An analysis of variance technique similar to ours has been used by
Hall and by Boskin,4 but they have imposed.some rather stringent restrictions
on the interaction of their explanaéqry variables. For instance, in ex-
plaining the wage differential between two race-sex groups, the wage profile

by age is not allowed to vary with education. In other words, if we compare

thirty year old white females and black females with a high school degree,

«

we would obtain the same wage ratio if we looked at thirty year old white
and Ylack females with a B.A. Our techniqueﬂ.howevcr, @oﬁlc impose no such
restricﬁion on the wage rate ratio.

A slzeable body of literature also exists in which human capital theory
is used to explain earnings differentials. Hansen, Weisbrod and Scanlon
regressed yearly eavnings on several independent variables: years of schooling
completed, Armed Forces Qualification Test percentile, training, and year§/
of work experience, among ot:herS.5 Tineir sample con.ists of 17-25 yéar old
males who were rejected for military service, but no information is given as
to how many Annual hours these individuals worked. Griliches éi? Mason
propose a similar specification, though they restrict tﬁeir sample to males
21-34 years old, working full time.6 Whereas analyzing wage r-te differengials
using human ;;pital theory is a sound approach, using it to analyze earnings
differentials is not. Since earnings i3 the product of a wage rate and hours
supplied to the markeg, an earnings fun;tion is actually a reduced-form of

the labor supply system. For example, suppose two individuals ;n a labor

market have the same demographic characteris’.ics (say, white {emales with a

24
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B.A. in economics) and same wage rate. However, one woman has more of a
taste for leisure and hence works only half as much as her countefpart.
Using human capital theory to explain this-differential wouid iﬁply thgt the
woman with higher earnings has more human capital, when, in facg, they both
have the same amount, the difference in earnings befng due to different
utility functions. Therefore, human capital theory alone is not apprgpgggge
in studying earnings differentials. Human capital theory is essentially ome

4

of relative wages, not earnings, and although this distinction would not be
crucial if everyone worked approximately the same number of h;urs, qpe di-
versity of hours offered iﬁ the market by'demographic groups suggests that
the error may be quite significant.

In this paper; Section I describes the human capital ‘model, and Section
11 describes the algerithm used to detect the interaction of the =mographic

characteristics. Section III desc:ibes the data base, and Sections IV and V

report rc-+lts and conclusions.

I. HUMAN CAPITAL. THEORY

Accerding to the theory of human capital, wage rates are the product of
a market rate of return and an effective stock of human capital:

.

(1) wij = ijiYi ,

B ndividual or group of "identical"

where wij is the wage rate of the it
individuals in the jth.labor market, wj is the market rate of return, Ki is
the individual or group average human cabital stock, and Yi is the utilization

rate of the individual's or group's human canital in the market place. Wage

rates can differ across individuals or groups, therefore, because they may




work in different markets or have diffegent human capital stocks and utili
zation rates. In equilibrium in any given.markgt, however, relative wage
rates are determined only by rela;ive utilized hv »n capital stocks. For
example, consider the nt:h individual or group"in the jt:h state. The relative

wage rate between the ith and nt:h individuals or groups is expressed by

. . J
(2) Wi o= 0K - KyYy _
an qunYn KnYn

"In this paper v.. attempt :to find those combinations of demographic-education
cha;;cteristic; by which iqdividuals can be grouped so as to form the most
h&mogencous groups in terms of human capital. Since in equilibri;m relative
stocks of utilized human capital determine relative wage rates, the search
for aomogeneous groups can be carried out by finding those groups which wmaxi-

mize our 'ability to explain wage rate differentials.

The rate of utilization, Y, is conceptually formed as:
3 Yy = (A-t-ty),

where Ty is a proportion of the amount of work time spent in on-the-job
training or investment, and ty is the leisure component expressed as a
proportion of woxrk time.7 Since training can be either specific, general,

or some combination of the two, individuals in the same market with the

same stock of human capital and the same utilization rate, can have different
wage rates if one individual receives only completely specific training while

the other receives completely general training, since a firm will incur the

cost of specific training.8 In our analysis we focus on utilized human
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|
|
capital, assuming that “"ldentical” individuals have the same utilization
rates. Diécrimination; by race or sex, can be viewed as affecting the

utilization ratesaof géoups. We make ndtattempi to explain the variation .
in utilization rates among groups, just as we do not explaiu the disgribution
of human ‘capital. ' .

As a proxy for -human gapital; we propose the use of race, age, sex, and . . _ .
education characteristics. A priori, we believe that race accounts for the
differential work and educational opportunities that have been availuble to
non-whites because of a variety of factors, an "2 them discriminaﬁion. Age
represents on-the-job training and work experience, and thus directly in-
fluences the utilization rate. Sex is a variable representing the more
limited oppcr?unities for education and sele;tion of jobs available to

3 H

females vis—a-vis males. Educction is a variable denoting formal training.

(24

II. ANALYSIS OF. VARIANCE MODEL :»

In what follows we describe the algorithm uscd to parrition the sample
into homogeneous groups so as to maximize wvage rate differentials betwec:
groups and minimize that within each group. An gnalysis of variance te;h—

-, _ )
nique is employed because of the importance of allowing complete interaction

among the demographic-education characteristics in forming homogeneous g.:>ups.
The'Lotal variance (TSS) of individual wage rates within a market can

be separated intc two parts, an inter-group sums of squarcs of -he explained n

variation given the groups (hereafter called the BSS), and the sum of inrra-

group sums of squarce or the unexplained portion (USS). Comsider n1+a\— SRR O

’

wage rate observationms, wij, which have been classified into m groups. The

total variance can be expressed as follows:

4

°
-

30




m ni -
(4) 188 = ZZ (wij - ﬁ)g = )¢ ni(ﬁi - \?1)2 + -
i=1 j=1 i=1 /
m n. . B
= 2 - e 1t o -
E ("13 - ¥W.)° = BsS +Uss,
i=1l j=1

“where ﬁ is the wmean of the parent group or the grand mean, ﬁi is the mean of

\\ ~
~

. . each sub—group, and ng is the number of observations in each of thé m groups.
The first term is the total sums.éf squared deviations of the>m'éroup means
about the grang mean and the second term is the sum of the v;riatio; within
each group. |

“To take an example, consider a partition of the observations based on

sex: m = 2. Equation 4 is rewritten:

2 n, -
1
) Z (v, - )2 = n (W, - 07 + ny (W, - )2 +
i=l 3=1 .
nl n2 o
~y . (2 2
oGy =TS Yy - )
J=1 J=1 n
- =.2 - =.2 2 1 =.2
or -nl(wl- W + n2(W2— W) = Z Z (wij - W) -
nl 0 i=l j=1
1 = 12 7 2
(6) Zwlj -0+ Zf(wzJ - W,)
J: ,1:1 .

If such a classification happened to produce perfectly homogeneous groups ==
i.e., the wages of all males are the same, and the wages of all fem;les are
the same so that the last two terms are zero —— then the fotal variance would
be accounted for ;olely by the intergroup mean differences.. If this éarti—

tion did not produce perfectly homogencous groups, then introduction of an-

other demographic variable (1ike education) might reduce the unexplained
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variance.
The prnblem is essentially one of selecting groups uéing demographic-
educatlon characteristics .so that the variance.in wage rates within these

.

groups is minimized. A number of reasouable constraints have been imposed

80 thﬁt the 'algorithm will generate meaningful, prominent groups. First, we
3 T

require that each group account for ac,leésc one percent of the total vari-
ance. Second, we ensure that the prediétor variable (i.e., the demographic
characteristics) which is used to split a group reduces the unexplained
variance by at least a minimal amount. This is done by requiring that the
between-sums—-of-squares, BSS, for the proposed partition be at least a
specified proportion of the original total sums of squares. We also esta- -
blish a miniﬁum group size to keep sampling error in check, and limit the
number of groups génerated. Within these constraints, we then maximize the
left-hand side of (6), thus minimizing the unexplained variation in wage rages.

" The computer algorithm used isathe Automatic Interaction Detection {AID)
programn? This algorithm uses a non-symmetrical branching process to form
human’éépital groups by partitioning the sample (using demographic—educa;ion
preg{;tor variables) to best explain the variation in hourly wage rates.

| To demonstrate the branching algorithm, suppose we have 500 individuals
-4n our parent group, and we have two demographic predictor variables: ra;e
(white, black/brown, and oriental) and education (highest year of schooling
completed: grades 1-8, grades 9-12, grades 13-16, and 17 years or more) .
Accordingly, we can divide the parent sample into three categories based on

race, or into four categories based on education. For each predictor, the
3

'categéries are ‘put into ascending order based on the mean wage rate of the

o

observations in each category.lo Suppoig_ghe ordering is oriental, black/
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brown, white. Then a trial dicholomization of the observations on the race
variable occurs in which "oricutal" observations are scparated from the others.

The amount of variation (i.e., the BSS) that this partition accounts for is

< .

calculated. Another 'trial dichotomiration is performed on orientals and

black/brown QerSUS whites. The same sequence of ordering and trial- dichoto-

mizationS‘are'performed using the education predictor variable. There will
be two trial diqhotomiza:iéns on the race variable and three on the education
variable. The parént sample will now be split by the dichotomization (pa;ti-
tion) with the largest BSS. Suﬁiose this is on the rice variable, where

whites as one group are separated from the black/brewns and orientals. Each

new group is then verified to sce whether it :accounts for at least some

.

specified amount of the original total variance. If it 1oesn't, we conclude

¢

that the parent group was fairly homogencous, and need not have been split. ’
e

- FIGURE 1

#1

42 C ! 43
Whites Black/bBrown
N=400 & Orientals

. . - N=100
. X=£5.00 -

¥=$3.00

. For examﬁle, supppse Both grqyps in Figure 1 meet the ab;ve criterion. i
" The néext split is conggmpléted on the group with the largest am;unt of varidnce._
LIf this is group #2, we calculate the BSS for all the possible dichotomizations

. of ﬂhe N = 400 observations with respect to the education variable, and select

+ the next split according to the jargest BSS. 1f group #3 has the largest »

amount of variation, we calculate the BSS between black/browns apd orlentals '

Q9

3

A
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and also for thgydichotomies of the N = 100 observations on the education
variable.

We can also restrict.the type of split made by requiring a predictor
variable to/ée monotonic. This means that' categories of this variable must
be partitibned into contiguous sets. We did impose the contiguity restric-
tion on qhe education variable because we believe that average wage rates
increas; monotonically with schooling completed. We did not, howeVer, impose
it on the age variable because, a priori, we expect some young individuals
who are accumulating human capital to have similar average hourly wage rates
ag some older individuals whose human capital is already depreciating

In summary, AILD forms groups by calculating the amount of variation ex— -
plained (BSS) for'each dichotomization of the group of each predictor vari-
able, splitting the parent group on that predictor variable which accounts

for the most vqriation of the dependent variable, i.e., the one with the

largest BSS. The next split is contemplated on the group with the most var-

~ P

iation, again galculating the appropriate between-sums-of-squares. If the

variation with n a group 1is not significant as defined by the user, it is
considered homogeneous and it becomes a final group. . For those groups that -
are candidates for further splitting, it 1s also required that the reduction
in'unexplained variation from splitting on a predictor-be some minimal pro-
portion of the TSS. If there i1s nc predictor satisfying this condition, then
the group will not split any further. The process terminates when there are
fio groups capablelpf being split.

i
/

111. CENSUS PUBLIC USE SAMPLE

To ensure we are observing the effects of human capital, and not those
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.of supply and demand, we must coptrol for “market effects; hence, we draw ob-
sefvaéiohs from only one market. Wé use states to delimit labor market areas,
but we do recognize that a state may contain several laﬂor markets or a labor
market may span several stétes. .

We use data for the State oﬁ Calif?rnia from the State Public Use Sample‘
(1/1000) of the 1970 Census. We choos talifornia because it is the largest
state in the nation and hopefully rep esentative of the nation. Our dependent
variable is the average hourly wage~r te Qf primary workers,11 formed by
dividing annual earnings of sach individual by the product of hours worked
in the genSué reférence week (Marc , 1970) and the weeks worked last year
(1269). Only those individuals yéz requted earnings and hours are included
in the sample, Our predictor G;r@abIes are: h

(a) Race - 2 categories: White; .Oriental, Nonwhite and Others

(b) Age - 5 c;tegories;‘ 16-21; 22-35;%36-54; 55-64} 65 and over

(c) Sex - a binary variable .

(d) Education -, 6 categories by.years of schooling completed: 0-8;

9-11; 12; 13-15; 16; 17 or more.

IV. HOMOGENEOUS HUMAN CAPITAL éﬁOUPSJ°

The homogeneous human capital groups produced by the AID algorithm are
shown in Figure 2. ?In each box is the number of observations (N), the average
wage rate (W), and other relevant demographic information for that group. The
number on top indicates the order in which AID did its splitting. For example,
- group 4 was split before groups 3 or S because its variation was larger. 1In

describing the results, however, we do not follow the sequence in which the

groups were formed.
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The schooling variable splits the parent sample into thogde witH a bache-
lors degree or more from those without a college degree. Hereaft r, we shall
~ refer to subsequent splits of the less educated group (#2) as b ing in the
upper Fegment, and those of the more educated group (#33 as 3#4:3 in the

/ /
lower segment. ; /

- The next split in the upper segment is on sex,’females again dividing on
the schdoling and age variables. The males (#4) proceed to split on a series
of age-schooling divisions, a finding in concurrence.with prg¢vious work. One

- exceptional result, however, is that the race variable doeg not become a signi-

ficant predictor of differences in the average hourly wage rate until rather P

far into the upper segment (groups #22 and 23). It ig/ rather interesting Eg///,////f::f

-
ot

note, however, that race is a significant predictor/orly for miadle—aged

males with less than a high schoél degree.12 Apparently, the effects of ‘dis-
crimination, as revealed through a smaller utilized stock of human capital,

are most visible in this demogr ic group. Most studies have found race to

be of prime ortance in explaining wage rate differentials. Our results . -~
do not imply, hqwever, that if we sélected two individuals with similar demo-—

graphic charactefistics except for race that race woulq/not”ﬂe an important

factor. Rather, they imp}y that race by itse;f/ﬁaes not account for a large
enough proportion of tot;l wage rate variation in ‘the observation set rela-
. tive to that accounted for by education, age and sex. One reason for this
is that nonwhites comprise a small proportion of the sample and hence could
not account for & high proportion of the variance unless their wage rates
were extreme outliers —- which they apparently are not. |
{ie lower segment splits only on age and schooling, indicating either

that extreme differences in average hourly wage rates do not exist for the

103
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‘more educated femalgs vis-a-vis males, or that there are relatively few women
in our sample with 16 or more years of- formal schooling, so that wage rate
differcnces between the sexes do not account for much of the total group

/' variation. Again, we are not implying that a male-female (holding other

L)

/ demographics constant) wage-rate polarity does not exist, just that the effect
// of sex on wage rates may_be'éﬁamped by other charact:erist:ics.13 .
/, < ¢ )

%ccording'gg.oﬁé.ﬁuman c9pita1 model, relative wage rates in equili-

‘ fi;;/;re groportional to relative utilized stocks of human capital. 1In
;i;ff//////:able i, we present the human capital groups that resulted from AID, (with

4 some groups in Figure 2 being reaggregated). The& are ranked from highest to
.lowestiaccording to the average hourly wage rate of each group. We also
present the implied utilized human capital units for each group using group

(a) as the numeraire.

Age and education are the key variables in explaining différences in

utilized human capital. Presumably because'of schooling, those in group (c))
’ who are otherwise demographically similar to those in (a), have 12 percent
less utilized human capital than those in (a). Education also explains why
those in group (f) have 10 percent less utilized human capital than those
in (d). Due to age, individuals in (3) have a 25 percent higher wage rate
than individuals in group (1), while race accounts for those in (g) having
~ 28 percent morelutilized human capital than those in (i). Overall, our
results accord ;ith those found in previous research, except for the role of .
race.

. »
Hall and Boskin have used analysis of variance techniques in constructing

v

wage eduations for their labor supply wmodels. 7Ha11's method is somevhat

more restrictive than ours, however, in that within each race-sex gro.p, he

PYRY!




TABLE 1

HUMAN CAPITAL GROUPS BY DEMOGRAPHIC CHARACTERISTICS

.

Group Average Héurly Utilized Human Capital
Identifier* ) Wage Rate Units (Group (a) = 1.00)

$ 8.26 1.00
7.56 .92
7.24 .88
6.17 .75
5.59 .68
5.55 .67
4.88 :
4.39 .53
3.81 .46
3.54 - | .43
3.11 .38
2.83" 36

+ 2.03 .24

a
b
c
d
e
£
g
- .
i
y
k
1
m

/
/

K

/
All individuals/l36 years old or more, one or more years of graduate
school. /

Males, 65 years old or more, 0-15 years of school.

All individuals, 36 years old or more, college graduate.

Males, 36-64 years old, some college. N

All individudls, under 35 years old, college graduate or one or more
years of graduate school.

Males, 36—32 years old, high school graduate.

white maleg, 36~64 years old, 0-11 years of schooling.

Males, 22~35 years old, 0-15 years of school.

Males, nonwhite and oriental, 0-11 years of school.

Females, 36 years old or more, 9-15 years of school.

Males, lé—Zl years old, 0-15 years of school.

Females,/l6-35 years old, 9-15 years of school.

Females; 0-8 years of school.
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assumes that the effect of education, on average, is independent. For ex-
ample, Hall finds that white males, 25-34 years old, with 12 years of edu-
cation, have an hourl; wage rate which is approximately 25 percent higher
than‘that of black males in thé same age and educatioh category. By impli-
cation, if one c0mparea.the same two race-sex-age groups, but this time those
with a college degree, the white males would:sfill have an hourly wage rate
25 percent higher than black males.14 Our results, on the contrary, ?uggest'

N an interaction between education and age. Comparing white males with oriental

£~

nonwhite males, age 36-64, we find that the ratio of their wage rates is 1.00
for those with 16 or more years of schooling, 1.00 for those with a high-
school degree or some college; but 1.28 for those with 11 years or less of

schooling. Since Boskin's method parallels Hall's, it is subject to the

s

game restrictions.
| Other research is even more restrictive than Hall's or Boskin's in not

allowing for interaction of any demographic characteristics. Blinder's
o / .
analysis suggests that age accounts for five percent of the white-black

L]

mafe wage differential in his sample, while education accounts for 20 per-
cent. This suggests that a white male who is older and has more education
i v,

than a black male should have a 25 percent higher hourly wage rate, but
hg? shown that for his education and experience variables, the com-

i

Thurodl
bined effect is gpproximately four times as large as the sum of the separate
effects.ls' Although we would not necessarily expect the same 4:1 ratio, it

seems safe to conjecture that the combined effect would be greater than 25

7

percent.
b(\
4i¢v 7
n‘ T -
\\\“
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V. CONCLUSIONS i’

Several points emerge from our research. Fi%s , we have h;ed human
capital theory to explain relative wages, not eaJhings, since earnings are a
function of a Wage and hours supplied to, the market, .and therefore cannot be
analyzed by human capital theory alone. Secondv we have utilized an analysis
of variance technique to® explain the variation fn average hourly wagehrates
rather than mgltiple regression. Using the for%er éechnique allows for ccm—
plete interaction of the independent variables/, révealing insights into the
joint effects of the independent var;ables on;the dependent variable. Third,
we have found that race is not as important : prediétot in expla;ning aéerage
hourly wage rates as our other demographic/yariables, nér is sex among higher
educated individuals. The former may be due to the fact that race manifests
its effects through other variables such ai education. For instance, if m;st
black males in a certain age group had :755 education than same—-aged white

males, the split might take place on th/ education variable rather than the

race variable. Similarly, age may be élstronger predictor of wage rates
among individuals with a B.A. or advqﬁced degree than is sex. ' We do not
infer:from these results that racial or sexual discrimination is of small
consequence, but that when we seek/to explain the variation in wage rates
of an entire population, rather/éhan analyze wage rate differentials of two
. .
specific demoggaphic groups,}yécial or, sexual differences in some ches may

not account for a substantial amount of the total variation.

e

e e i

./ ' 17
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1. Sece Fuchs [4]. [

2. See Blinder [2]. Sc.ly [13] implicitly takes some interactions .
> ints account in forming a human capital variable. . ) .

~

3. See Thurow [18]. '
4. See Hall {7] and Boskin [3].
5. See Hansen, Weisbrod and Scanlon [9].

6. See Griliches and Mason [6].« Beckeg\Ll&, Hanoch {8] ond, Hanushek
. [10] also use human capital theory to explain earningc differentials.

7. Ina étrict dynamic sense, we would have to allow for a feedback
of ti on K, since on-the-job-training is a capital-forming activity.

8. General training is defined as training that increases the marginal
product of an individual to all firms, while specific training raises an in-
dividual's marginal product only in the firm providing the training. Hence,

° a firm could be expected to provide specific, but not general, training since
it can capture the returns to investment in «he former case but not the latter.
‘ - For a complete discussion, see Becker [1]. Of course, a sound argument can
be made tha;/relatively little training is firm-specific.

' 9. For a complete discussion of the algarithm, see Sonquist agd Morgan
{16). For an application of AID to the income distribution problem, sce

" Smith and Morgan [15].

10. When the categories are ordered by their mean values, the variable

is said to be "free". If we impose a monotonic rela:.onship between the de-
pendent variable and a predictor variable, then the categories of the rre-
dictor variable are ordi¢red contiguously rather than by their category means. .

11 We exclude from the potential labor .force those individuals under
16 years of age, and those currently in the military service. We also ex-
clude 16‘and 17 year olds attending school. - =
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have 1

13, Co rﬁf} to our results,

15.
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\ 12. Hall [7) obtaiwms a similar result.

Kreps {l1] finds that women generally -
wage rates than men, the dif ference being more pronounced for those

,/«/ff»DHEfT35 years old.

14.

See Hall [7, p. 115].

Sée Thurow [18]. .

W
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EQUILIBRIUM AND DISEQUILIBRIUM IN THE LABOR MARKET ¢
: by C. Duncan MacRae
Abstract

A dynamic disequilibrium model of the labor market is presented v

and anal}zed in this ﬂaper. This model integrates the classical.

theory of supply and demand with the modern theory of job search’
and labor turnover. One of the implications of the mo.del is
that there need not be a trade off between inflation and unemploy-
ment or a natural rate of unemployment unaffected by the rate

of inflation. Rather for certain values of the parameters there
ig a direct relation between inflation and unemployment in the
model. Therefore, an increase (decrease) in aggregate demand

can increége (decrease) not only inflation but alsq unemploy-

ment.

Fa
.
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EQUILIBRIUM AND DISLQUILIbRIUM IN THE LABOR MARKET*
: . by C. Duncan MacRae

The Urban Institute

The traditional classical analysis of wapges and employment is in terms
of tne demand and supply of labor. Since both firms' demand and households'

supply is a function of the market vage rate, employment and wages .are then

determined in static eQUillbrium by the equality of supply and demand. In
this equilibrinm anadlysis either there is no role for unemployment, or it is
explained as the result of disequilibrium in which supply exceeds degand.

The modern explanation of the wage and eémployment dynamies;underlying

&4
the Phillips relation, however, is baeed on job search and labor turnover

,.- '

behavior.1 The change in wage rates is determined by the balance between

wage offers andﬂreservation wages which are assumed to be functions of job

v

vacancy and unemployment rates. Given the turnover rate, the change in

employment is then the result of uncmploycd people matching with‘V;cant jobs.
For alternative levels of job stock and labor force, these two dynamic re-
lations imply a Phillips relation between wage change and the unemployment
rate, where the job stock and labor force are determined by demand and supply.
But when the supply and demand for labor are equal, the level of employment

is less than that desired by both households and firms.

= ——— A

The purpose of this paper is to develop a model of thé labor market which
ineegrates the classical theory of suppl& and demand with the nodern theory of
— — job -searech-and_labor turnover. In the classical tradition, the levels of
employment desired by f}rms and households are determined by wages, output,

and population. 'Therefore, in equilibrium, when demand, supply, and hence

\
A\

employment, are equal, wages and employment are determined in the.traditional

’

- [ 4
, manner. When employmcnt and demand” arc not cqual, however, firms are assumed




a \

to adjust their search effort as measured. by vacant jobs. For example, if

o

desired employment by %irms ;s greater than actual employment, then firms
"increase the number of vacancies to hire more people. Similarly, if actual
employment and labor supply are not equal, households alter their job gaaréh
as represented by the levei of unemployment. In thé modern tradition, wage

v

and employment dynamtcsware*fnnctions—ofmthemvacancynand-HQEERlQXEgnt rates. %

- N

Therefofe, the levels of unemployment and vacancies necessary to maintain
supply-demand equilibrium are determined by search-turnover beliavior. Job
stock and labor forée then follow, by definition, from job vacancies, employ-
ment, and unemploy;ent.

The paper begins with a complete statement of the labor market model.

A comparative statics analysis of the effects of output and population changes

is‘ﬁresented.

is then performed.

examined by dete

An analysis of the labor market in a state of steady growth
Finally, dynamic disequilibrium behavior in the market is

rmining the conditions under which the model is stable.

I, LABOR MARKET MODEL

In this section a model\of the labor market is presented.  This model
> explains wages, employment, job vacancies, unemployment, hence, job stock and

labor force by integrating-the classical theory of supply and demand with the

modern concepts of job search and labor turnover. ' ~

As in the classical analysis of wage and employment determination, the

desired demandb\D, for labor is determined by the real wage, W, and the level

of output, Q.-

(1.1) p = d{w,qQ},

.y
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where th§ form of (1.1) is derived from the tﬁeory of the firm.2 The lower
is W and the higher is Q, then the higher is D. |

| If the level of employment desired by firms is not equal to the actual
level of employment, then firms are assumed to adjust Sheir level of jqb

.vacancies, V, according to

(172~ ——dinV/dt—=-v{B/E}, — —_ - ——

~

where dlnV/dt is the proportionate rate of’chang? in vacancies. If D exceeds
E so that firms dzz}re to ehplqy more people than they are currently employing,
then they increase their search effort as represented by the number of 3ob
openings (V) in their personnel offices. If firms would like to employ less
people, then they decrease the number of job slots which are authorized but -/
not filled. N;te that they do not adjust employment direztly; they only affect
it indirectly by adjusting vacancieg.3 In the first case they increase the
probability of some person findiné one of their jobs. 1In the second case they
allow normazl labor turnover to decrease their level of employment. Note also ¢
that firms are indifferent to the level of vacancies (V); they are oﬁly con-
cerned about the relation between their desired level of employment (D) aqd
the actual level of employment (E).4 M;intaining vacant jobs is only a means
by .which they attempt to mainfain equality between D and E.

In general the level of employment desired by firms is not observable,
but it is a function of wages and output, which are observable. Therefore, .

o

we can substitute the labor demand relation (1.1) into the vacancy change -

equation (1.2) to obtain vacancy dynamics as a function of wages, output, and

employment:

'y
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(1.3) dinv/dt = v{d{w,Q}/E}.

For a given level of output the relation between dinV/dt, W, and E can be seen
in Figure 1. The locus of all (E,W) points for which dlnv/dt is zero is nothing

buﬁ the classical demand curve. Thesé are the combinations of employment and

e e '1
|

~

vage for whiég:ﬁ;E so that vacancies are neither increased nor decreased. All

:
points below this curve, therefore, are cases in which D>E so that firms in-
creabé vacancies. Similarly, for all employment-wage combinations above the
curve, vacancies are decreasing. loci of constant vacancy change are thus’
similar in shape to the classical demand curve. The same dlnV/dt would be
generated either by'low E and high W, hence\low D, or by higﬂ.E and low W, hence
high D. ) ' e

Ry definition the stock -of jobs, J, is the sum of jobs which are filled

(E) and jobs which are not filled (V):
(1.4) J=E+ V.

Therefore, the job stock is determined both by employmenﬁ, which firms cannot
control directly, and by vacancies, which firms do control. If vacancies do
not cha%gé, J will reflect employment behavior; however, if employment does not
change, it will réflecg vacancy behavior. Thus job stock behavicr is a by-
product of employment and vacancy dynamics instead of bein;w; determiﬁént:of
Fhese dynamics. /
Just as in the classical model the demand for labor is a function of the

real wage and output so also is the desired supply of labor, S, a function of

the real wage and the level of population, P:

-3
wh
2
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dlnU/dt >0

W . \\\\\\\ /;// dlnu dt = 0
“1nU/dt-< 0
\ /

dlnV/dt < O

dlnV/dt = 0

dlnV/dt > 0

Figure 1

Vacancy‘and Unemployment Dynamics




(1.5). - § = s{w,'r}, -

whore the form of (1.5) is determined by the theory of the household.5 In
Y

genefal, theuhigher are W and P, then the higher is S. If a normal incone

effect dominates the Substitutioﬁ—EffEEET—HGWEVETT_SO‘thit‘1abdr~supply¥iSLA -

backward-bending, then an increase in the wage can actually decrease labor
':§h§bly. '
1f families find that their current level of employment (E) does not match
their desired ievel of employment (S), then they alter their search behavior

as represented by the level of unemployment, u:
(1.6) dlnU/dc = u{S/E},

where dlnU/dt is the proportionate rate of change in U, If S exceeds E, re~
presenting the féct that people would like to work more than they are currently
working, then they enter into gearch.for additional work. The higher is the J
number of people searching for jobs who do not have jobs, the higher is the
level of unemployment. If they would like té work less than they are working,
then they retire from the search, which was necessary. to maintain their level

of employment., The lower is the number of people searching for jobs, the

lower is unemployment. Therefore, just as firms control only their job vacan-

b —— oy -

cies, so also households control only their unempléyment by deciding whether
or not to search for a jéb: to increase employment, they inc;ease search
effort; to maintain employment, they maintain the level of search; and they
reduce their eﬁployment by retiring from the search for a job.

Just as we substituted the labor demand relation into the vacancy change

equation, we can now substitute the labor supply relation (1.5) into the un-

119
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~ employment change equipibn (1.6) to obtain an observable relation Letween

unemplo}mcnt dynamics, wages, population, and employment:

~

1.7 - dlnu/dt = u{s{W,P}/E}.

This relation is described in Figure 1 for a given levei of pcpulation.' In-
deed fhe/s1assica1 supply curve is the set’df employment-wage combinations
.for whiéh dlnU/dt = 0. Therefore, for-all points to the right of the s;pply
curve, unemployment is dec;easing, and for all points to the left of the curve,
unemployment is increasing. Again as in the case of vacanc§ dynamics, the
Joci of (E,W) points for which dlnU/dt is constént are similar in shape to

the supply curve. A given rate of change in U can be maintained either with
low employment and low\wage, hence low supply or with high employment and high
wage, hence high supply.

Labor force, L, is of course, the sum of ‘people who have jobs (E) and

e

people who do not but are looking for jobs (U):
(1.8) L=E+ U

*‘It is the result rathcr than the determinant of employment dynémicé\and un-

employment dynamics.6 Moreover, labor force behavior is uniquely determined
neither by employment behavior nor by unemployment behavior. An increase in
labor force can be accompanied by a decrease in employment if unemployment in-
creases. Similarly, a decrease in L can occur when U increases if E décreases.
What happens to labor force will all depepd on the relative magnitude of the
twc; dynamics.

As we have seen, neither firms nor households alone determine employment

dynamics. Rather they are determined by the process of job search and labor
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turmover. By definition the proportionate rate of change in employment, dinE/dt,
- {8 equal to the difference between the accessions rate, A/E, and the turnover

rate, T/E:

(1.9 ) dlnE/dt = A/E - 'r/r;:,» ’ . S = D Lo
\ !

\\
.,

where‘x\chsists of new hires and other accessions and T encompasses quits,
dismissals and other separations.

Accessions are'ihe\result cf vacant jobs finding unemployed people and
S R

~

vice-versa. Thus the accession rate is a function of the unemployment rate,

U/E, and the vacancy rate, V/E, with employment as the base:

- y
X

(1.10) A/f. = a{U/E, V/E}. _— AN

i .

-

For a given rate of search by firms as measured by'V/E, the higher is the rate
of search by households, as measured by U/E, the higher will be.the accessions
rate. Similarly for given U/E, the higher is V/E, then the higher will be
A/E.

Turnover is also a function of the unemployment rate and the vacancy rate:
(1.11) T/E = t{U/E, V/E}.

The tighter is the labor fia¥ket as measured by the vacancy-unemployment ratio,
V/U, the higher will be the probability of an unemplfyed person finding a
vacant job but the lower will be the probability of a vacant job finding an '
unemployed person. Therefore, members of households will be more likely to

quit to find better jobs and managers of firms will be less likely to dismiss

someone to find better employees.




)
Since goth accessions and turnover are functions-of the unemplcyment and

vacancy rétes, we ‘can substitute (1.10) and (1.11) into (1.9) and rewrite it as

) (1.12) dlnE/dt = e{U/E, V/E},

where the function e is the différence between the functions~a—}nd'tv«-Theﬂre— c ———
lation between dinE/dt, U/E, and V/E is illustrated in Figure . Ji depicts * -

the balante between the accessions rate and the turnover rate. In general, the
effect of vacancies and unemployment on the turnover rate will tend to canc::l
out, since quits incregse as dismissals decrease, ahq vice-versa. Their effect '
on accessions, however, will be multiplicative. Therefore, a given dlpE/dt )

canibe maintained with either a high U/E and low V/E or vite-versa. Thc higher

are both the vacancy rate and the unemployment rate, the higher will be the

algebraic difference between accessions and separations. But thgre is one
locus of (V/E,U/E)}-points for which they cancel‘out so that dlnE/dt = 0. For
all points to the right of this curve employment is increasing; for all points
to the left, E 1is decreasiﬁé.

It should be noted that while the vacancy and unemployment rates havé been
expressed with employment as a base,‘thgre is a one-to—one correspondence be-

tween U/E and. the traditional measure U/L. This can be seen from:
(1.13) U/L = (U/E)/[1 + (U/E)].

The higher is U/E, then the higher is U/L and vice-versa. Similarly the common

measure of the vacancy rate:
(1.14) vV/3 = (V/E)/[1 + (V/E)].

Therefore, there is also a direct relation between V/ﬁ and V/J.

)
-




dlnW/dt > 0
- _ " -
dinW/dt =@ *

o : /" d1nW/dt < 0
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| dlnE/dt > O

dlnE/dt = 0

‘ dlnE/dt <0

U/E
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Figure 2
Employment and Wage bynamics
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Just as neither firms nor houscholds alone determine emplbyment so also
does neiéher alone determine wages. They are, instead, determined competitively
in the process of job search and labor turnover. The more employed people there
are searching for jcbs, in general, the longer it will take tham tc £iad jobs
and the lower will become th#&r reservation wage. Similarly, the more vacant
jobs there are looking for p;ople.to,fill them, the ionger it will take for
these jobs to be filled, and, hence, the higher will become the wages.offered

for these jobs. Therefore, the rate ‘of wage change is determined by the balance

between the vacancy rate and the unemployment rate:

€.15) dlnW/dt = w{V/E, U/E},

-~

"where dinW/dt is the proportionate rate of change in ihe market wage.7
The wage dynamics relation is depicted in Figure 2. It describes the
balance between increasing wage offers and decreasing reservation wages. The
higher‘is the vacancy rate relative to the unemployment rate, the higher is
the pressure on wages to increase, the lower is the ¥/U ratio, then the lower
¢
is the pressure. In general, there will be a locus-of (U/E,V/E) points for
which the pressures on wages balance out so that dlnW/dt = 0. Above this curve,
wages are iﬂcfeasing, below it they are decreasing. Note, however, thaé this
curve does not necessarily €Ofrespond to equality between the vacancy and un—
employment rates. These ;ates dreﬂonly proxies for the durations of search by
firms and households. How the.dur%;ions are translated into movements in Qage
offgrs,.rgservacion wages, and hence,.real wages depends on the particular
participants in the labor market. A low V/U ratio could be associated with

either increasing or decreasing wages. Neéertheless, we do know that the lower

is V/U the lower will be the increase, be it positive or negative.
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The model is now complete. Given the evolution of output (Q) and popu-

jation (P) over time and the Anitial levels of vacancies (V), unemployment

-

(V) , employment (E), and wages (W), then the evolution of V, U, E, and W is
determined by (1.3), (1.7), (1.12), and (1.15). Job stock (J) and labor force

(L) are then by-products of (1.4) and (1.8).

1I. COMPARATIVE STATICS

In this section the labor market model is solved in static eauilibriun.

[
kY
LY

The effects of marginal cnanges in output and population on the equilibrium
values of wages:‘émployment, unemployment , vacancies, labor force, an& job
gtock are then determined. -

In equilibrium the actual level of employment (E) is equal to toth the
jevel desired by firms (D) and the level desired by households (S). There~
fore firms have no motivation to alter their number of vacancies (V). Simi-

larly, households see no reason to vary their level of search, as represented

by the level of unemployment (U). Employment and wages are thus determined

-— -~

as in the classical analysis by the equality of demand and supply. This can
be seen algebraically by noting that dlnV/dt = 0 in (1.3) and dlnU/dt = 0 in
(1.7) together yield a relation between equilibriuﬁ employment, E, and wage

B ——

W, given by o . —_

2.1) aW,Q} -E=0
and
(2:2) s{W,P} - E = 0.

*The determination of E and W is illustrated in Figure 1. The locus of

enployment-wage combinations corresponding to no vacancy change is the demand

N N s
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curve, while the locus corresponding to no uncmpioyment change is the supply
curve. Thus wages and employmgnt are determined in equilibrium solely by
the intersection of demand and supply. Job search and labor turnover blay
no role in their determination. Hence,,gquilfbrium eyployment and wagéS are

not influenced by vacancies and unemployment. Only a change in output Q)

.

or popui;ti§ﬁ'(P) will aifer E and W.

Equality oﬁ demand and supply does not mean that.there are no vacant jobs
or that there are no un;mployed people. Rather because of labor turnover,
there is a level of job sear;h, hence, vacancies and unemployment that is
necessary to maintain equiliﬁrium employment and wages. If both ¥ and U are
too low, then E will decrease as separations exceeq gpcessiggs‘so that the
actual level of employmené will be less than the level desired by both firms
and households. If vacancies and unemployment are too high, however, then
employment will exceed both demand and supply. Alternatively, if V is too
high relative to U, then competitign by firms will drive wages up so that the
level of employment desired by houscholds exceeds actuai‘employmezgwbut the
level desired by.firms is less than E. If unemployment is too high relative
to vacancies, however, then competition by households will drive wages down
go that E is less than S but:D is greater than E. Thus, there is an equili-
brium level of vacancies,‘ﬁj‘and unemployment, ﬁ, that is required to maintain
E ;nd W -

To see how eqhilibrium vacancies and unemployment- are determined let us

turn our attention now to employment and wage dynamics. As can readily be

seep from (1.12) and (1.15) the vacancy rate in equilibrium, V/E, and the

employment rate, U/E, are determined solely by search-turnover behavior. When




3.14
employment and wages are constant, as they are in static equilibrium, then

vacancy and unemployment rates are given implicitly by

2.3) e{UJE, V/E} = 0
and ) )
{2.4) - w{V/E, Tx’/i'}e 0.

- -— —— Phe-determination-of V/E and -U/E 1s portrayed in Figure 2. They are

given by the intersection of the locus of (U/E, V/E) points for which dlnE/dt = O

. with the locus for whi £ dlnW/dt = 0. For a given labor market tightness as
measured by the vacancy-unemployment ratio, the greater is the tendency for
employers to lay ?éznor for emg;;yees to quit, the higher will be the equili-
briuw vacancy adé unemployment rates; the more efficient, however, is the
process by whféh vacant jobs match with unemployed people, then the lower

;

will be thepe rates. Aga: in for a given V-U ratio, the more reluctant are firms

I
/ /

to increase their wage 6ffers, the higher will be V/E and the lower will be
ﬁ7§; the more reluctant a2rc households to decrease their reservatici wages,
however, then the lower will be the equilibrium vacancy rate and the higher
will be the unemployment rate. )

" Once 675 and‘ﬁ7E are given the determination.oflviand'ﬁ follows immediately
sifice E is already determimed® by supply and hemandl The higher is.E, then the
higher will be V and U. Similarly, from (1.4) and {1.8) it follows that the
higher are equilibrium vacancies.and unemployment, the higher will be equili-
brium job stock,‘jy and labor force,'f. Thus, in static equilibrium' there is
a dichotomy between wages and empléyment on the one Aand and.vacancy aﬁd un~-

employment rates on the other hand. The former are determined by supply

and demand; the latter are given by job search and labor turnover.

£
J

e — e
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{

R The equilibrium dichotomy is made particularly apparent when we consider
.tha effects of output and population chianges on labor market equilibrium.

This can be done by differentiating (5.1) and (2.2) logarithmically and re-

Arranging terms to obtaii R :J

. (2.5) (dlnE = [ [o /(o -6 )]dan + [-8,/(0,~6,) Jdln? /
and . . T e . S
(2.6) . dlnW = [GQ/ (ow—sw)]dlnq - Lo/ (0~8,) dinP,

where 6 (0 ) is the waga elasticity of demand (supply), GQ is the output
elasticity of demand, and Op is the population elasticity of supply. In
general, 6w<0 and 0w>0, but 0, can be negative if supply is backwatrd-vending.
Both 6w>0 and 0P>0, and in the case of constant returns to scale in production
and households responﬂing on a’per capita basis, Q=°P =], Thus, as in the
classftal analysis, the effects of proportionate changes in output (dlogQ)

and population (dlogP) on wages and employment deﬁené only on the wage, output
and population elasticities of demand and supply. Tté "natural" vacancy and

[

unemployment' rates are unaffected by these changes. The only effect is to
. "’h‘-w Nl -

alter i, hence, V and ﬁ in the same proportion. ;

While output and population chanées will not affect the unemployment
rate in equilibrium, theyWwill affect the ;;bor force participation rate, .L/P.
Since both E and U change proportionately it follows from (1.8) that equili-
brium labor force, i, will change in like proportion. Thus, output changes
wiil generate a direct relation in equilibrium between employment and the
labor force participation rate. .The higher is E, then the higher will be

L/P.- This relation fcllows tautologically from the fact that there is an

°
equilibrium natural rate of unemployment; it does not depend on a "discouraged

1'.73 - -




(3.1) dlnD/dt = GWdInW/dc + 6

3.16

_workcr" hypothesis.8 I1f changes in labor demand do not affect the equilibrium

unemployment raie, then labo: force particifation must necessarily rise and
lel wfﬁh,syggggélin labor demand. Of“;ourse, if changes in employment are
brogg} abod; by changes‘iﬁ}population, the ¥elation beiween E and z7§:yill

be moiﬁfied. Nevertheless, unless labor supply is population elastic, employ-
ment and the labor force participation rate will move together. Finélly, it

N

ment rate and the labor force participation rate. A shift in demand or supply

aill not influence the natural rate of unemployment.

III. THE STEADY STATE

"In this section the character of a labor market growing at a constant
rate is examined. In particular the effects of changes in the rate of ‘growth

of output and population on steady statg values are analyzed.

In general'the market is not in equilibrium. Growth in aggregate demand -- =

PP

increases labor démand so that employment is less than that desired by firms.
Similarly, population growth increases labor supply so that employment is also
less than that desired by houszholds. Both firms and households then increase
~
vacarcies and unemployment so that emplo§men; also grows.

. A case of disequilibrium which is of particular interest is a state of
steady growth. This is a state in which vacancies, unemployment ,employment,
hence job stock and labor force, all grow at the same proportionate rate.

Differentiating (1.1) logarithmically with respect to time we obtain the

proportionate rate of growth in labor demand:

lenQ/dt.

should be noted ‘that in equilibrium there is no relation- between the unemploy-

129 .
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Similarly, the rate of growth in labor supply is obtained from (1.5):

(3.2) dlnS/dt = Owdan/dt + OPdlnP/dt.

Since dlnb/dt = dlnS/dt = dlnE/dt, it then follows that employment and wage
change are simultaneously determined from (3.1) and (3.2) by the rates of growth

in outbut and population:

3.3) dlnE/dt = d1lnP/dt + (cw/(ow~6w))(dan/dt—dlnP/dt) )
and " - B
(3v4) d1lnW/dt =a(6leuQ/dt-q dlnE/dL)/(cw-Gw).

Thus, just as in the classical analysis, the higher is the rate of growth of
populat}on the higher (lower) will be employment (wage) growth and the highe:-is
output growth, the higher will be both employment and wage change. 1In congrast
" to the classical model, however, this is a state of steady disequilibrium rather
y,éhan static equilibrium.
Once the rates of growth in gmployicnt aud w;ges are dztermined by supply
end demand, }he vacancy and unemploymenP rates are determined so as to maintain

this growth. From (1.12) and (1.15) we see that they are simultaneously de-

termined by employment and wage dynamics:

{3.5) e{U/E,V/E} = dlnE/dt .
and — —_
(3.6) w{V/E,U/E} = dlnW/dt, N

s where dlnE/dt and dlnW/dt are given by (3.3) and (3.4). 1In contrast to Okun's
Rule,9 which relates the wnemployment rate to the percentage gap betweeq actu;1
and potentiai output, (3.3)-(3.6) imply that U/E is constant as long as dlnQ/dt
and dlnP/dt are constant. The rates of growth of actual and potential oucrput

need not be identical for the unemployment rate not to change.

Lo vrd
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As cgn be seen in Figure 2, thq higher is employment growth the higher |
must be vacancy and unemploy?ent rates to maintain this growth; the higher is }
the rate of change of wages,'howevéf, the higher will be the vacancy rate (V/E)
relative to the unemployment rate. Thus, it follows unambiguously from (3.3)-
(3.6) that an incrgase in output growth will increase the vacancy raée and that
a; increase in poPulatiqp g;ggqh:gill“increéseLthe—unempioyment‘fate; IF/;s -
no£ immediately apparent, however, what will be the effecé, in particular,
of output on unemployment; since the inc;ease in employment requires a.greater
unemployment rate, while the increase in wages 1s associated.with a lower rate.
To explore further the effects of output and population growth on steady
state unempioyment and vacancy rates, we must make some assumptions regarding

the particular forms of employment and wage dynamics. In particular it is

assumed that e{U/E,V/E} is of the form . '

(3.7 dlnE/dt = 1/281n{(U/E)(V/E)} + €, -

where B>0 and €>0 measure the efficiency of search and the

tirnover rate. Correspondingly, it is assumed that w{(V/E)/(U/E)} is of the

form

© (3.8) dinW/dt = 1/2a1n{(V/E)/(U/E)} + v,

. B - -

where >0 and Y>0 measure the }elative willingness of firms-and households?to
alter wage offers and reservation wages in response to a given level of tight-~
ness in the labor market.

It is now possible by equating (3.3) with (3.7) and (3.4) with (3.8) to
obtain the steady-state vacancy and unemployment rates as a function of out-

put and population growth:

11
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“(3.9) An{V/E} = [((GQ/a) + (ow/B))dan/dt

- ((0yla) - (-8,/8))dInp/de} (0,8,

+ [(-€/B) - (Y/d)] . .

and . - ’ — . e

(3.10) 1n{U/E} = (1-((/a) = (0, /8))d1nQ/d

+ ((OP/a) + (-GW/B))dlnP/dc]/(ow—ﬁw)

Wia
.

+ [(-e/B) + (v/a)]. ‘

From the first term in (3.10) we can see that a change in output growth will
aot affect the unemploymeat rate if and only 1if Gw/a-ow/B. Only if .the
increase in demand brought about by the increase in output (GQ) relative to
the willingness of firms to increase wage of fers and households to reduce
reservation wages (o) is equal to the increase in supply brought about by the
output-induced wage increase (ow) relative to the efficiency of job search (8),
will there be a steady-state natural unemployment rate. Otherwise, an outpu€
increase will affect the steady-state U/E. 1In fact, if ow/8>6Qfa, an

increase in the rate of growth of output will actually increase the unemploy-

—— i

ment rate. since more people are drawn into the labor forcé by the output
increase than are employed by it. What q}ll happen 1s an empirical matter
that can differ from one.labor market to another.

Since the rate of output growth affects the rate of wage change and the
unemployment rate if GQ/a # ow/B. there is an underlying Pasis for a

relation between dfnwldt and U/E. This relation is derived by solving for
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for dlnQ/dt in (3.10) and substituting the result into (3.4) to obtain:
(3.11) ataw/de = [1/((§gfa) = (0,/8)))[-IR{U/E]

: + (1) (0,8,-8,,8¢)/ (0~8,))dlnP/at

e eedB) + Cra) (O e e

a Therefore, if & /a > Gw/B, there igs a trade off between wage change and the
unemployment rate in the steady state. As is evident Erom the second term
in (3.11), however, the higher is population growth (dlnP/dt) the worse will
be the trade off. Moeeover, if GQ/a = Gw/B, there will be no trade off, only
-a natural unemployment rete'éiven by (3.10). In fact if GQ/a < Gw/B, then
the labor market will exhibit beth higher rates of wage.increase and higher
rates of unemployment as the rate of growth of output increases.

Now let us turn briefly to steady-state labor force participation be-
havior. Since employment‘gnd unemployment are both growing at the same rate,
labor force is also growing at this rate. Then by definition the proportionate

rate of change in L/P is given by

(3.12) *  dln{L/P}/dt = dlnE/dt - dlnP/dt.

Therefore, changes in dlnEJdt caused by changes in output growth will be

. directly associated with.changes in dln{L/P}/dt. The participation rate (L/P)
can, however,l%e going down when employment is ipcreasing. As can be seen
from (3.12), vwhether L/P is increasing or not depends on whether cutput growth
exceeds Dopulation growth or not. Finally, while therc is no relation be-
tween labor force participation and the unemployment rate in static equili-

brium, there ie-one between dln{L/P}/dt and U/E if GQ/a ¥ qw/3.~ In particular,
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ijf there is a Phillips relation in the market, there is also an inverse re-

lation between the unemployment rate and the rate of change in the labor

force participation rate: Again, this relation does not depend on the dis- .

e
H

codraged worker hypothesfé. Rather, it ic the result of output increases

yiélding both higher employment gtowth and a lower unemployment rate.“‘
) AN .
: Iv. DISEQQILIBRIUM DYNAMICS

in this section, non-steady state labor market behavior is considered.
Tn particular, the effects of alternative values of market Parameters on the
gtability of the market is analyzed.

Thus far, we have concentrated attention on the behavior of the labor
market in static equilibrium or in the steady state. For this analysis to
be relevant, howéver, requires that the system be stable. Exogenous changes
in output and population are always occurring so that the market is rarely
exaccly'in a state of equilibrijum or steady growth. But if the market is N
stable, so that vacancies, unemployment, employment, and wages tend to return
to their equilibrium or steady state values, then the preceding anaiysis will
be approximately correct even in a world of non-steady state behavior. of
course, the accuracy of the approximation will depend on the magnitude and .

- €
frequency of the exogenous changes as well as the speed of response of the

¢ -

system, which is, again, an empirical matter.

LI

To determine whether the labor market is stable requires that assumptions
be made about the particular forms of the dynamic relations. Explicit
assumptions have already been made regarding employment and wage dynamics in
(3.7)‘5nd (3.8). Implicit assumptions of constant wage, output, and popula-

tion elasticity demand and supply relatioms have also been made in (3.1) and

34 | ~
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" (3.2). Therefore, only vacancy and uncmployment dynamics remain to be speci-

3

: . fied.

To inaintain the log-linear character of the model, vacancy dynawics are

’ assumed to be given by ‘ g .

1

(4.1) . d1nv/dt = vin{D/E},

"
\

where v > 0 measures the speed of vacancy response by firms to differences be=

tween their desired emﬁloyment (D) and actual employment (E). Therefore,

-

-gubstituting the demand relation

(4.2) InD = & + 8 loW + § 1nQ, . : ) -

Q
into (4.1) we obtain
(4.3) dlnV/dt = V6o + vawlnw + v6Q1nQ - vlnE.
) Similarly, unemployment dynamics are described by -

(4.4) d1nU/dt = uln{S/E},

where y > 0 measures the speed of unemployment response by households to

differences Pewcen S and E. Again substituting the supply relation

. (4.5) InS = gg + owlnw + oplnP, ;
into (4.4) we get
\ N
(4.6) dlnu/dt = uo, + KO, laW\# uo,lnP - ulnE. .
\\ -

A\

Thus thg model of the labor market is co%gletely characterized by 3.7), (3.8,
. \
(4.3) and (4.6). The parameters of the model are Goﬁ;ﬁw,;éq, Ggs Oys Ops V, H,

Q ) \ : ‘ 135
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B, €, &, and"Y; the time paths of Q and P are assumed to be given exogencusly
as are the initial values of vacancies, unemployment, embloyment and wages.

Since the model is linear in the logarithms-of U, V,'E, and W, the sta-

pility of the system can be readily analyzed by determining;fffzsggdieinﬁg”””" .
for which the eigenvalues of the system all hgig_gggat&véz;eal roots.' The »\\\~. .
eigenvalues are the roots to the fourth-order quation: Q; )
(4.7 |A-AL] = A% + a)d® + a2A® + ad* +ay = 0, ~
where the system is described by .- ‘ ) /j
/.
(4.8) dx/dt = Ax + Cz, /

with x = [laU, 1V, InE, oW}, z = [1, inQ, 1nP],

I} - . -
-V véw
' ) L
(4.9) A=|1/28 1/28 -B
1/2a -1/2a
« -~ -
and
v V6 Q
(4.10) C =| uoy Hop . ; .
€ —
‘Y °

The Routh-Hurwitz criteria9 for the stability of (4.8) .are a;>0, ay>0,

ajaz-aj3>0, and a;(a,az-ag)—a%a“>0, where evaluating (4.7):

(4. 11) ' ay = B;




- (4.12) T ay = 1/2B(vH) + 1/20(uo 40 (-6)),

(4.13) as = 1/20B(ho v (-8)),

and

(4.1?) i ay = 1/2u8vu(ow+(-6w)).

The first three criteria are ;eqdily verified.and the last one reduces to

L)

6.15) - ubo, - VP&, - vulo&) > O _

Therefore, the stability depends only on the speeds of vacancy and unemployment
response and the wage elasticities”of demand and supply. By setting the left-—
hand side of (4.15) equal to zero, we.can determine the ranges of stability

§

for these parameters. The two solutions to thi; equafion are v=u and
V= (O / (-6, ))u-

The stability ranges are thus illustrated in Figures 3 and 4, corresponding
to whether or mot the supply elasticity is greater or less tl.an the demand
elasticity in absolute value. ~The ranges of instability are denoted by the
hatched areas. %rom these figures we can se; that if the system is not to
generate explosive oscillaiions, the speeds of vacancy and~unemployment\response
must be different. Either ff¥ms must be slow in their response to demand-
employment differentials, and households fast, or vice-versa. In particular,
if labor supply is wagé‘inelastic (Gwso), then firms must adjust their level

" of searzh (V) more quickly than households adjust their level (U) to compen-
sate for households' lack of response to wage changes in determining their

desired level of employment (S). The less 1is the difference -between the demand

and supply elasticities, however, the closer can v and 1 be without the system

: : ST , 1577
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Figure 3

Stability Region if oy > -Gw
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being unstable. In particular, if o, = —GW, then the market is stable as long

W
as v#u-

V. CONCLUSIONS .

A dynamic disequilibrium mo&el of the labor market has been presented and
;nalyzed in this paper. ' This model integrates the classical theory of supply
and demand with the modern theory of job search ana labor turnover. It differsﬂ
from traditional time-series labo; market models in that firms are assumed to .
adjust vacancies raciér than employment and households are assumed to adjust
unemployment rather than labor force. It differs f;om cross—section models
{n that unemployment is not ignored or explained as the result solely cf dis-
equilibrium.

In equilibrium the model implies that there is a dichotomy between the
determination of wages and employment and the determination of vacancy and
unemployment rates. The levels of wages and employment‘on the one hand are
determined by the equality of supply and demand so that the levels of emplcy- -
ment desired by households and by firms are both equa% to the actual level of
employment. Therefore, cross-section models based on the assumption of labor
market equilibrium can be viewed as not being inconsistent bug only bei;g in-
complete. They need not imply tha; there is no unemployment, but they certainly
do not’ explain it. Vacancy and unempldyment rates on the other hand are de-
;ermined by search-turnover behavior. Thus, there is a natural rate of un-
employment, which is unaffected by changes in iabor demand. This in turn
implies taat an increase in employment brought about by an increase in demand

must be accompanied by an increase in the labor force participaticn rate.

" Therefore, the fact that labor demand and labor participation move together -

q;[§1(2i1¥(>




.a fact which is commonly explained in term; of the discouraged worker phenomenon -
is only a tautology given the existence of a natural rate of unemployment.

In a state of steady disequilibrium the growth in wages and in employment
are still determined by the growth in supply. and demand, but now vacanc?‘and
Qnemployment rates depend not only on search-turnover behavior, but also on
labor demand and supply growth. The effect of output growth, in particular,
on the unemployment rate depends on the balance between the increase in deﬁ;nd
relative to the willingness of firms to increase wage offers and households to
reduce reservation wages and the increase in supply brought about by output-
induced wage increase relative to the efficieﬁcy of job search. 1If fhe former
effect exceeds the latter, there is a trade ;éf between wage change and
the unemployment rate. Moreover, there is‘also an inverse relation between the
unemployment rate and the rate of change in the labor force participation rate,
which does not depend on the discouraged worker hypothesis. 1f the opposite is
true, then both wage increases and the unemployment rate can be decreased by
a reduction in the rate of output growth. Only if the two effects of'&,cﬁange
in output growth balance out, will there be a natural rate of unemployment.ﬂ
wWhich effect dominates is an empirical matter, but we have seen that the relation

between wages, output, and unemployment is stable as long as the rates at which

f4rTms and households adjust-&heir rates of search are significantly different.

’ 141




I3

°
FOOTNOTES

°

*This research was supported by funds from the Office of Research and
Development, Manpower Administration, U.S. Department of Labor under Grant
No. 21-11-74-09 to the Urban Institute.

Opinions expressed are those of the author and do not necessarily re-.
present the views of the Department of Labor, the Urban Institute, or its
sponsors. ; B

1. See Lipsey (1960, 1973%). - -

2. While labor is treated as an aggregate in this analysis, demand can
readily be disaggregated by industry and occupation.

3. Traditional time-series employment models assume that firms can
directly control employment. For example, see Nadiri and Rosen (1973).

4. For an alternative job vacancy .theory, in which firms make a desired
level of vacancies, see Holt and David (1966).

5. Just as the demand for labor can readily be disaggregated, so can
the supply of labor be disaggregated by demographic group and occupation.
Moreover, the supply of labor can be made a function of not only the wage
rate but other family income, with a distinction being made between primary
and secondary labor supply.

6. Traditional time-series models of the labor market equate labor force
with labor supply and then treat unemployment as a residual. For example, see
Black and Kelejian (1970).

7. Price expectations are implicitly assumed to be justified but the
analysis can readily be extended to include alternative forms of expectations
behavior. See Phelps (1968) for a discussion of the role of expectations in
wage dynamics.

|
., 8. Traditional time—seriéé labor force models assume the discouraged
worker hypothesis to explain the relation between labor force participation
and labor demand. See, for—example Wachter (1974). .

9. See Okun (1970), pp. 132-145.

10. See Bellman (1960), pp. 244-245.
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CATEGORICAL EARNINGS SUBSIDIES: MARKET EFFECTS
AND PROGRAM COSTS

by Peter M. Greenston, C. ‘Duncan MacRae and
-, 'Dale P. Riordan

Abstract .

The labor market effects and government budget costs of the Wgrk -
Bonus Tax Credit proposed by the Senate finance Committee are -
analyzed using an econometric model of state labor- markets

(pp. 1.1-1.75). The earnings subsidy is analyzed by translating

the program into a shift in the market labor supply of d mo-

graphically eligible families. The effects of this shift on

both eligible and ineligible families are then simulated for

1976 on a state-by-state basis. The solutions indicate that

the potential for an earnings subsidy to be market neutral,

in the sense that on net the suppiy of-labor by“the subsidized
.orkers is neither increased or decreased, would £é/approxi—
mately realized. The subsidy would neither dissipate the
benefits of the subsidy through higher wag;s nor displace un-
subsidized workers through lower wages. The implied éosts of
the program are in approximate accord with the projections

based on static assumptions by the Senate Finance Committee.

“
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CATEGORICAL EARNINGS SUBSIDIES:
MARKET EFFECTS AND PROGRAM COSTS*

by Peter M. Greenston, C. Duncan MacRae, and Dale P. Riordan
The Urban Iustitute

A variety of labor subsidy programs have been proposed to deal with
the problem of poverty. Foremost amongst them are negative income tax (NIT)
plans. These combine an unearned income subsidy with an earnings tax so that a

A :
family's initial transfer is completely taxed back when its earnings exceed some

maximum. While an NIT does in&eed transfer income to those with low levels‘
of income, by increasing income and taxing'earning% it creates an incentive
to decreéée hours supplied to the lator market. This decrease in labor
supply of the subsidized group tends to puéh the market wage up, thus
dissipating some of the benefits of the program to nonparticipants.

5 Wage rate subsidy plans bave been proposed as an alternative way of
increasing incomes of th~ working poor. By rewarding work effort they pro-
vide an incentive to increase hours supplied. This increased supply of labor,
however, causcs the market wage to fall, resuiting in the displacement of
unsubsidized by subsidizé; workers. Thus, a wage subsidy tends to displace
the unsubsidized workers, while an NIT tends to dissipate program benefits

in terms of increased wage rates to the unsubsidized.

Recently a numb.r of earnings subsidies, which combine features of

both aﬁ NIT gnd a wage rate subsidy, have been proposed.1 One of these is
the Work Bonus Tax Credit proposed by the Sen;te Finance Committee. At low
levels of éarnings and income, an earnings subsidy is designed to operate
like a wage subsidy, causing an increase in hours supplied. At higher levels
of earnings and income it is designed to tax hack the subsidy and thus
resembles an NIT by causing a decrease in hours supplied. Since these

changes in market supply act in opposite directions, there is the potential
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for an earnings subsidy to be market neutral, in the sense that on #et the
supply of labor by the subsidized workers is neither increased or decreased.
This subsidy would then neither dissipate the benefits of the subsidy nor
displace unsubsidized workers. To determine if this potential is realized
requires an analysis of labor supply of those who are demographically eligible.
However, if this potential is not fully realized, measuring the diégipation
or displacement requires a market analysis that incorporates both supply and
demand. An examination of the labor supply effects by themselves aré not

R o
sufficient. 3

The purpose of this paper -is to‘analyze the market effects and program

costs of the Work Bonus Tax Credit using an econometric model of state labor

markets. The earnings subsidy is analyzed by translating the program into a

shift in the market labor supply of famillgs with dependent children, hereafter

referred to as demographicaily eligible families. The effects of this shift

in labor supply on both demographically eligible and demographically ineligible
families is then analyzed on a state-by-state basis by solving the econometric
model for equilibrium wages, hours and earnings in each state, first in the
absence and then in the presence of the subsidy.

We begin with a description of the earnings subsidy. By treating the program
as a wage subsidy or tax combined with an unearned income subsidy we translate it
into shifts in the labor supply of demographicali} e{{gible families. An econo-
metric model of the state labor market, which has been~dési§ned to simuléte the
effects of a variety of human resource programs, is then bri;fIy {escribed. Using
data from the 1970 Census Public Use Sample, we project the market effegﬁs and

~

calculate the costs of the proposed program for 1976. Finally, conc]usions\}eﬂ<\

—

—

garding likely dissipation of benefits or displacement of unSubsidizcd workers are

presented.
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1. WORK BONUS TAX CREDIT

The subsidy proposed by the Senate Finance Committee is an ecarnings
supplement for families with one or more dependent children.2 It is con-
ceived as a reform to the payroll tax. Those families with earnings which
are less than or’equal to $4000 receive a 10 percent subsidy on family earn- .
ings, while those participating families whose income has exceeded $4000 pay
a 25 percent tax.on the difference between their family income and $4000. .
The way in thch the subsidy depends on both earned and unearned income
can be seen by first noting that by definition, gross family income, G,-is
the sum of family earnings, E, and unecarned income, Y®. When G is less than
or equal to $4000, the subsidy is calculated according to
1) , S = .10E,
whera S is the amount of the subsidy. In this first range, the family
receives Fge 10 percent subsidy and pays no tax. When G is greater than

$4000, agd E is less than or equal to $4000; the subsidy the family receives

is calﬁ&lated by ) . )

/@) S = .10E - .25(G - 4000).
In this second range, the family receives a 10 percent subsidy on earnings,
but also pays the 25 percent tax on income above $4000. Finairy, in the
third range when E is greater than $4000 and hence G is greater than $4000,
the subsidy the family reéeives is determined by

(3) S = 400 - .25(G - 4000). ' .

The family no longer receives a 10 percent subsidy, although their earnings
have generated a gross subsidy of $400. Since the family is subject te a 25
percent tax on income above $4070, the net subsidy received equals $400 less

the tax paid.

_Since participation in the program depends on hoth earnings and gross

»
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income, tie level of uncarned income is important. Families will participate
only if they receive a non-negative subsidy; In each Tange, therefore,’.

' participation implies certain restrictions on the feasible combiq§tions of E
and Y®. 1In the first range, corresponding to (1), the family must have some ﬁz
earnings'in order to participate. Since gross income must be less than $4000
in the first range, Y" must be less than or equal to (4000—E2. In the seéond
Yange, corresponding to (2), we know that E is less than $4000 and G is greater
than §4000. Morebver, a non—néhative subsidy requires that Y" must be less
than or equal to (4000 - 0.6E) so that the maximum vélue for Y© can vary be-
tween $1600 and $4000, d;pendiag on:the level of earnings. If Y? were.greater
than $4000, the family would never receive & non-negative subsidy since they
would be subject to the 25 percent tax before they reccived the 10 percent sub-
sidy on their first dollar of earnings, and thus woula not participage. In the
third range, co;responding to (3), we know that both E and G are greater than

ty Jp—

$4000. The non-negative subsidy requirement fmplies that Y? must be less than

©

or equal to (5600-E) so that the maximum value for Y" can vary between zero

and $1600, depending on the level of earnings. As long as Y" is less than or
equal to $1600, the family is ineligible for the program when income cxceeds
¢ $5600., 1If Y" is greater than $1660, the family is ineligible before gross in-
come reaches $5600. For these families, (3) is never used to calculate the
* subsidy because they are still receiving ; 10 percent subsidy on their last
dollar earned when they exit the program, an(qthus never face the 25 percent
tax and also never achieve the maiimum subsidy of $400. Accordingly, the exact
program exit level for these families is (1000 - .10Yn)/.15, which cah be
derived from (2) by solving -or G when the subsidy equals zero.3 Therefore,
when we analyze the labor supply cffects of the program, we must distinguish

-
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between families with gncarned income less tha; $1600, and those with un-
earned income greater than $1600, but less than $4000.
* Thé manner in which the subsidy (S) and hence net family inceme (Y) vary
with earnings and unearned income'is shown in Figure 1. Grnss family income .
(G) is plotted on the horizontal axis and net family income which is tge sum
of G and S is plotted on the vertical axis. The line Y=G indicatas the locus
of zero subsidy points. T?e schedules illustrated correspond to different
levels of unearned income (Yn); "In the first range G does not exceed $4000 - .

-

and the net income schedules are given by the equation

<+

(4) Y = 1.106 - .10y".

As unearned income increases, the schedule shifts down in : parallel fashicn.

!

; . —

F In the.second range the family is receiving a 10 percent earnings subsidy while

i paying a tax on gross income exceeding $4000, The net effect is to flatten

| out the net income schedules: .

E

| () Y =.856 - .10Y" + 1000
As can be seen, families‘Qigh " exceeding $1600 leave the program before grbss

f income rcaches $5602, while those with Y" iess than or equal to $1600 and .
earnings exceeding $4000 enter the third rcnge portrayed ﬂ& the even flatter ’
single schedule: ‘ ) B . ) .

(6) Y = .75G + 1400.

The crossover occurs at that level of G whicl equates (5) and (6) for a given

level of Yn. When y" is exactly equal to $1600, the crossover and program

“exit puint are one and the same.

——e
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IT. LABOR SUPPLY EFFECTS

Our method for simulating the ﬁbrk Bonus T-¥ Credit is to tramslate

i

the program into a shift in the market labor supply of Jhiglble families.

In the absence of the tax credit program, families determine their labor

supply by maximizing a family utility function of the form .
(7 U = ofy, -8, 1585}, | .
where ¥ 1is equal to femily income, Tp (Ts) is the number of available hours the »

primary (secondary) worker has for work and leisure, and P (H?) is the

mize (7) subject to a budget constraint,

l number of hours worked by the primary (secondary) worker. Families maxi-
| (8) Ty = WP+ wORS + YR, -
where W° (Us) is the primary (secondary) wage rate. First order conditions

for utility maximization then yield the labor supfly functioms of primary

and secondary workers:

(9a) W = vP{WP, W, YU

(9b) B = S, W, YU).
These are also the appropriate supply functions for those families who do
not participate,.either because they hawe no dependent childrem or because -

their earned-unearned income combination makes them ineligible.

Families participating in the tax credit receive a net subsidy which

changes their budget constraint (8). When.they are in the first range 1)

go that E < G < 4000, their net income is given by

(10) Y = WP + W%t + Y+ 1 + v,

which can be rewritten as

(11) Y = (.1wP)HP + Q.aw®s® + Yo
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This corresponds to the family receiving a 10 percent wage rate subsidy,
and incurring no tax. The labor supply functions now become:
(12a) WP = nP{1.1wP, 1.1%°%, Y°};
(12b) B = nS(1.1°, 1.w°%, Y}
In the second range (2), E £ $4000 < G, and family income is given by
a3 ¥ = WP+ WS # Y° + 10(PHP + WORY)
- .25PEP + WwOHS + Y" - 4000),
which can be rewritten 1is
(14) Y = (.85WP)HP + (.85W°)H® + Y
+ .15(4000-Y") - (-.10(4000-Y")). o
Here we observe that the family is simuléaneously receiving the 10 percent
earnings subsidy and incurring the 25 percent tax on income exceeding $4000.
On net, therefore, the family effectively i;;urs a 15 percent wage rate tax, (
while receiving an income transfer equal to the amount of taxgsaved on earn-
ings by not paying at the currerit marginal rate up to that point (.15(4000—Yn)),
minus the tax actually paid up to that point (—.10(4000-Yn)).4 The family
thas sup;;ies labor as if it were subject to a 15 percent wage rate tax

while receiving an income transfer of the amount (.ZS(AOOO-Yn)).5 In this

'f'

S range, therefore, the labor supply functions are:
(15a) 1P = nP{.85WP, .85%°, Y + .25(4000-Y")}:
. (15b) 1S = n3{.85W, .85%°, Y" + .25(4000-YM)}.

In the third range (3), E > 4000 so that the family's net income is given
. : (16) Y = wPH® + wou® + ¥" + 400
- .25WoHP + wB® + Y" - 4000),
which can be rew:iiten as

(17) Y = .75WPHHP + (75ut)E® + "

+ .25(4000) - (.15Y" + (-.10(4000-Y™))).

A
)
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The family has received a gross subsidy of $400 and is paying tax at a 25
per cent rate on every dollar of'income over $4000. In effect, as indicéted
by (17), the family is incurring a 25 percent wage rate tax and’ receiving

an income ggansfer of .25(5600-Yn), composed of the amount of t:ax saved by
not paying at the current marginal rate of 25 percent, .25(4000), minus the
amount of tax actually paid, .15(4000 - (4000-Y")) + (-.10(4000-Y")). There-
;:fore, the labor Supplyhfunctions are

(8a)y  H' = hp{.75wp, J75WS, YU + .25(5600-YM)};

(18b) BS = h{.75WP, .75W°, YO + .25¢5600-Y")}.

The family supplies hours of work as if it were subject to a 25 percent wage
tax and an income transfer of (.25(5600-Yn)).

When family income is exactly $4000, i.e. at the boundary between the
first and second ranges, there is a discontinuous change in the marginal
subsidy rate from 0.10 percent to -0.15 percent so that primary and secondary
labor supply cannot be sepa;ately determined from knowledge of the wage rates
alone. At this point, however; we know that family hours must satisfy

@9) wPHP + woHS = 4000 - YU,
so that family hours expressed in primary hour equivalents is in fact deter—
minant as a function of the primary wage:

o) W+ /0 = (4000 - YT /WP

Another discontinuity oc urs when family earnings are exactly $4000;
that is, at the boundary between the second and third ranges, the marginal
subsidy_rate changes from -0.15 to -0.25 percent. Once again, we can solve
for family hours expressed in primary hour equivalents, but cannot determine
primary and secoudary worker.hours separately.

Finally, at the program exit Ppoint., the marginal ‘subsidy rate jumps

discontinuously from -0.25 to zero percent. Correspond Ingly, there will be

-
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a level of earnings where the family will "{ump" discontinuously from parti-
cipating in the program at "{ow'" earnings to not participating at "high"
earnings. We can make a reasonable assumption and approximate the jumping
point, but we cannot do better wifhodt knowledge of the utility function.

For diagrammatic convenience, we illustrate the discussion with a
single~worker family, such as a female-headed household with dependent
children. Tn Figure 2,-the pre~-program budget constraint is ABC, where AB
represents the level of unearned income, and the slope of BC is the negative
of the wage rate. We also assume that this worker's supply elasticity with
respect to her wage rate is positive and with respect to other family income
is neg-ative.

Suppose that Y is less than $1600. With the program in operation,
the individual faces a new budget constraint ABDEFC determined by the three
ranges spelled out in (1), {2), and (3). On BD the worker is receiving a -
10 percent earnings subsidy, the absolute value of the slope of BD being
1.1 times the absolute value of the slope of BC. Thus, she supplies labor
as if she were receiving a 10 percent wage subsid,. If the pre-program
supply curve is sS' in Figure 3, receipt of the wage subsidy moves the indivi-
dual up along her supply curve so that the supply curve seen by the market

{s shifted down as depicted by AD. L
The first program pivot Point occurs at D in Figure 2. At this point,

there are a variety of hours and wage rate combinations which produce income

of exactly $4000, or earnings of exactly (4000 ~ ™). '$h:se combinations

are depicted by gﬁ'in Figure 3, a constant earnings.curve of (4000 - ™)

so that labor supply “jogs" back as the wage increases.

In Figure 2, segment DE portrays the range over which the worker

simultancously receives a 10 percent wage rate subsidy and incurs a 25

iSO
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percent tax on income excceding $4006. As we have sﬁown, this 1s equiva-
lent to & 15 percent wage rate tax, and an increase in unearned income of
(.ZS(KOOO—YU)), which is given by BG. The corresponding market supply curve
is shown as 5E.in Figure 3, where the supply curve is shifted up and Lo the
leff of SS'. It shifts up because of a lower wage rage and shifts left
bec#use of an increase in unearned income.

The secoﬁd jog occﬁrs at E in Fgure 2 where the marginal subsidy rate
changes from -0.15 éo -0.25 percent. Once again, there are various combin-—
ations of wage rates and hours producing earnings of exactly $4006. These
combinations are depleted by the comstant carnings curve Ef in Figure 2.

On’ segment EF in Figure 2, the individual no longer recceives the earn-—
ings’subsidy, since her earnings exceed $4000. In this range the maximum
subsidy of $400 is being taxed back at a 25 percent rate on income. As
we have shown the individual behaves as if a 25 percent waéé rate tax was
in effect in counjunction witﬁ an income transfer of .25(5600-Yn) which is
depicted by Bll. The corresponding s;pply curve segment is EF in Figure 3.

In the neighborkcoud of F in Fig:ure £, the discontinuous jump occurs.
At this point, the marginal tax rate jumps from +0.25 to zero percent and
produces a non-convexity in the budget line which makes multiple optima of
family utility possible. Thus it is difficult to determine the appropriate
supply curve at a particular wage. This can be seen in Figure 3, where wage
rates between wl and w2 are compatible with two supply curves, one on which
individuals participate and crz ca which they 4o not. We resolve the ambiguity
by introducing a ratio test. We first calculate hours supnlied by the indi-
vidual, and thus her earnings, El’ assuming she participates in the program.
We do the same aééumlng she does not participate, dcenoting these earnings

by Ez. We then compare to see whether

T )
s\
rd
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(21) E, / (5600-Y") 3 (5600-Y") / k.
1T the left-hand side of (21) is greater than the right, we assume she
reveals a preference not to participate in the program. This is because
the wage rate she réceives is closcer to W2 than Wl, and thcrefore it is
more probabie that she has already decided to jump out of the progranm.

1f the left-hand side is not greatcr, analagous reasoning holds for the

individual to participate. Therefore, we have decided that the jump point,

Wk, occurs at one-half the difference between Wl and Wz.

o .
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III. STATE LABOR MARKET MODFL ' |

3

In this section, we describe the sélient features of the econometric
labor market model with which we simulate the carnings subsidy.6 The
model describes the cupply «and demand for labor in a state, and has been hd
estimated with data tabulated from the 1970 Census 1-in-1000 Public Use
Sample across 30 states and aggregates of states using an instrumental
variables method. i

Familics in each state labor wmorket are partitioned into eight
mutnally exclusive and Sgpmlntcly exhaunstive Lypes basced on the demographic
and cducation charactceristices of the head. Taking the variance in hourly
wage rates as a measare of the variance in utilized human capital, a one
way, sequential analysis of variance algorichm was used to partition all
primary workers in California according to Lhcir deswgraphic and education
characteristics so that the resulting groups display minimum intra-group
and maximum inter—group wage rate va;iation.7 The re;ulting structure of
eight hémogcnoous groups was applied to each state to define the h;man

capital groups In which family hecads have these characteristics:

(i) Male and female, age 36 and over, college graduates or better
(M/F-0-C) '

(ii) Male and female, age 16-35, collegé graduates or better (M/F-Y-C)
(iii) Male, age 36 and over, schooling less than 12 years (M~0-NH)

~(iv) Male, age 36 ard over, high school graduate (M-0-1) .

(v) Male, age 36 and over, schooling 13-15 years (M-0-SC)

(vi) Male, age 16-35, schooling 0-15 ycars (M-Y-NC)

o

(vii) Female, age 36 and over, schooling 0-15 years (F-0-NC)

(viii) Female, age 16-35, schooling 0-15 years, (F-Y-NC)

-~
-
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" Within each family a distinction is made between family heads (primary
workers)and other members (secondary workers) so that in cach state therd
are eight groups of primary workers and eight groups of secondary workers
(who have been grouped according to the characteristics of their head).

Represengative primary and secondary workers are defined as the group
average and used as observation units in each state labor market. The
labor supply equations: which were derived from the traditional income-leisure
modcl, explain the number of hours per family offered by the average
primary and sccondary workers in cach group. In our notati;n, i indexes
the group and j indexes the state, so that, for example, uij is the sum of
primary worker hours offered by all males (or females) in group i and
state j. If the number of families is given by Fij’ then the average
number of hours per family is denoted by ng/Fij‘ The model has eight
primary and cight secondary worker supply equations. However, the cocffi-
cients in these equations dre not all different. College graduate primary
workers have the same sct of cbefficicnts, as do their secondary counter—
parts. Sccondary workers from male-headed family groups (iii-vi) hu:¢ the
same set, as do those {rom the female-headed family groups‘(vii—viii). The
estimated equations arc reported in Table P and Table S with standard
errors, where asterisks denote éhe significance_of t tests at the 1 percent
(***), 5 percent (**), and 10 percent (%) levels.

In the estimation, potential rather than actual wage rates were used,

S and discussed below, while family unearned income

3 1]

is denoted by Y?j/Fij‘ Soclo-demographic and family composition varisbles

denoted by WE  and W

were used to adjust for any preference differences in tastes for market

work, home work, and leisure. Tn the primary supply equation RACEP, ACEP,

1633
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SEXP, EDUP, SPOUSE, DPENDP, and URBAN denote, respectively, the proportion

of brimary workers in that group who are white, prime-age (22-54), male,

high school graddates, domiciling with a spouse, responsible for dependents,
and living in an urban arca. -‘In the secondary supply equations these

Yariables arc proportions of the total number of secondary workers of a

given group. - : /
Backward-bending supply curves were obtained for both primary and o a

. ~

secondary workers at rates ranging from $2.33 to $7.83 per hour for Ehe

.

former and from $2.76 to $3.27 per hoﬁr for the latter. The income ter; . / )
cotfficlents are negative in most of the equations, but significantly s
. different fro@ zero in only two of them.

The markét demand for labor is,met by labor supplies of varipus

qualities. Consequently, the sum gf supplies forthcoming is expresse - -

-
” . I
AN

in terhs of the hours of the numeraire group (M-0-H). If we let Hd denote . -

3

this market sum of equivalent-quality hours, ther

.

d _ P/uPyuP .o o/ePsuPy 3S /1 PyyS ¢
. (;2)‘ -l i(xi/xa)ﬁij + i\ki/§4)(hi/K1)Hij,
so -that the market sum of supplies is comprised of hoﬁrs offered by each $
group weéighted by a measure of their nelétive (to the numeraire group) “

quality or ;rOQuctiviLy~~dcnoted by Ki/Kz and Ki/Kz--aud then summed.

Primary hours of the i-th group are converted into numcraire hours by

Kglkz, while sccondary hours-are first converted into primary hours of the, )

same family type by Ki/K? and then into numeraire hours. Since labor

quality reflects' the underlying stock of utilized human capital, relative

»

‘quality is then measured by relative human capital siucks.

-




- | 4.20

According to human capital theory the wage rate of an individual ar
grou§ of similar individuals is the product of the market rate of return
to human capital ‘and the stock of utilized human capital possessed by

.that individual or group. An important implication is that, in equilibrium,

relative wage rates are equal to relative stocks of utilized human capital

°
L

and are independent'oﬁ the particular labor market:

: A ,
(23) X ' KK, = (wij/uzj)
and N ' l
N
(24) lexg = (Wijlﬂgj).

-y : -
o ¥ .
N

The model 4ssumes that there is a high correlation between demographic-—

s,
©

edﬁcation.characteristics and utilized human capital so that relative human
) capital stocks can -be estimated by regressing relative wages against
variables representing the age-sex—education interactions. The primary and

secondary relative wage estimates, and standard errors in parentheses, are

given by
P P = - 18 -
(25) 1og(wij/w4j) .399D, +_.069D, - .185D, + .123Dy - .254D;
(.022)  (.022) (.022) - (.022)  (.022)
. . |- 553D, - .585Dg + .054NS,
4 - . (.022)  (.022).  (.015) ’
- , g2 = .91, S.E.E. = .11, NO.0BS. = 210,
. and — -
S P =z - - - ’ - -
(26) 1og(wij/wij) (617D, - .145D, - .345D, - .458D, —~ .520Dg
(.035), (.035) (.035) (.035) (.035)
. : ~ .176D + .074D, - .037Dg - .046NS,
' (.035)  (.035) (.037)  (.023)
185

A 2 L
Elil(j- ‘ R® = .63, S.E.E. = ,18, NO.0OBS. = 237,
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d <
-

where the D's are variébles representing the interacfions and are listed
in the same order as the family type codes defined above. The coefficients
can be ihteréreted as the percentage deviation of the wage rate of the
group in question from the wage rate of the numeraire group in the primary
equation and from the corresponding primapy wage rate in the secondaty »
equation when the absolute difference is not large. A South/non-South dummy
variable (NS) was included and found to be éignificant in both the primary 3
aqd secondary equations, indicating thaf primary rélative wage rates are
higher in the non-south states but that secondary relativé wage rates
are higher in the southern states.

For -primary workers relative wage rates are reasonably constant
acrosg/iabor markets—multiplicative standard errors are all two percent.
-Hﬁﬁzg,capital stocks (or wage rates) of se;ondary rélative to primary _
workers displaied slightly more variability (3 to 4 bercent standard errors)

across c*ates. These fitted wage rates were used as estimates of relative

quality in.the aggregation of hours of the 16 human capital groups in each

%

market and in the construction of potential or expected wage rates—to which
we now briefly turm.

In the labor market model as specified supply and demand for labor

o determine the absolute level of the nureraire wage rate in each market,

fonr

while relative wage rates are determined by relative stocks of human
- .

. capital. Accordingly, in equilibrium the representative primary worker -

. ) is viewed as having expectations of a wage rate proportional to that of

the numeraire group, the constant of proportionality being a measure of

his (her) relative productivity:

- . P Py, Pyy,P
(27) wij = (Kilx4)w4j.




. N
e S i e

The representative secondary worker can expect to receive a wage ratesT,_ .,

T

proportional to that of the numeraire group, the constants of proportionality
relating the productivity of the secondary worker to the numeraire group

worker via his (her) primary worker:

S _ oS 1Py (kP /Py
(28) W 13 (Ki/Ki) (K i/Kl*)k 4"

As shown already, fitted relative wage rates are used to measure the human
capital stock ratios. ‘

Turning to the demand side, the demand function was derived from a
constant elasticity of substitution production function assuming constant
returns to scale. It is ghe market demand for equivalent—quality hours

pgr dollar of output in the state:

(29) 1log/NOUT,) = 6.675%%* - 1.049%x*1ogt ~ .013. NOUTI,
3 3 (.20) (.13) (.13)
and ~
g2 = .75, S.T.E. = .064  NO.OBS. = 30.

-The demand for equivalent-quality labor displays an elasticity of unity and
is insignificantly greater in states where labor intensive activities are
higher - NOUTI being the-proportion of state output in manufacturing and
construction.

The simultaneous equation model of the labor market is composed of
a demand cquation for equivalent quality hours, primary and secondary
worker relative wage and labor supply equations. Endogenous variables

are primary and secondary hours and wage rates for 16 human capital groups

defined by age, sex, and education characteristics. To prediet with the
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model, this nonlinear system of equations is solved using an iterative

éolution technique for a market equilibrium, in which demand and supply

are equal. -
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IV. MARKET EPFECTS AND PROGRAM COSTS .

To simulate the effects and costs of the Work Bonus Tax Credit we
assume that there arc no labor supply response differences between families
. that are demographically eligiblelfor t;e program and those that are
not, so that in the absence of the prograh, primary nnd secondary worker
hours are simply the sum of the offers of demographically eligible and demo-
graphically ineligible workers. The total number of hours offered by

N

demographlcally eligible familics of'type i is the product of the propor-
tion of- type i families with dependent children and the number of families
and the hours ‘supplied per family. In the presence of the‘program, those
demographically eligible workers who are also financially eligible and who,
therefore, do participate, behave as if their wage Fate is subsidized or
taxed and as if they are receiving an income transfer.

The labor market model just described implic{tlf incégporates the
existing federal/state/iocal tax and subsidy system. We also assume that
the existing structur