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State Labor Market Research Study
OVERVIEW

The objective of this research is to analyze the effect of labor

subsidies by state and, hence, for the nation as a whole. The project's

basic aim is the development of-a theoretical 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 sharing and decentralization of manpower programs.

The results of the study can be conveniently partitioned into three

topics:

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

(2) labor subsidy program simulations; and

(3) supportive theoretical analysis.

In what follows we present an overview of the model development and 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 Us&

Sample (CPUS) for 30 states or group of states, a comprehensive cross-

section labor market model, which integrates the theory of human capital
3

with the theory of supply and demand,for labor. The model, described
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in the paper "Labor Markets, Human Capital, and the St ucture of Earnings"

(pp. 1.1-1.75), explains equilibrimi wages, employment, and, hence,

earnings by primary and secondary workers in eighti:family--types according

to the sex, age and education of the family head. Supplies per family

by primary individuals (heads of families) and by secondary individuals

(other family workers) in a state are; by family labor supply theory,

functions of the group wage,79ticer family income, and the demographic

composition of primary au secondary individuals in the grotip in the

'state. Suppiies,af(then aggregated in equivalent-quality units with

relative gro'1p wages being measures of relative quality. Demand for

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

f industrial labor demand, a function of the numeraire wage and the

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, which is described in the paper "Wage

Differentials, Human Capital and' Demographic Characteristics"
(pp. 2.1-

2.20), aggregates primary individuals into reasonably homogeneous wage

rate groups not too disparate in size. The result of this analysis is

that we have limited the likelihood of severe heteroscedasticity which

rt

would call 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,

7
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earnings for primary and secondary individuals in,all family groups in

a state are obtained from the estimated model by lolving the nonlinear

system of 16 supply equations, two relative wage equations, one demand

equation, and one equilibrium identity. For all but the smallest groups

and states the explanatory power of the model in 1969 is '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 static equilibrium model we have also

developed a dynamic disequilibrium model of the labor market. This model,

which is presented in the paper "Equilibrium and Disequilibrium in the

Labor Market" (pp. 3.1-3.30), describes not only wages and employment but

also unemployment, labor force; vacancies, and job stock by integrating
;t"

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 unaffected

by the rate of inflation. Rather for certain values of the parameters

there is a direct relation between inflation and unemployment in the

model. Therefore, an increase in aggregate demand can increase not only

inflation but also unemployment. If this is true, then correspondingly

both inflation and unemployment could be reduced by a decrease in the

growth of aggregate demand. We have estimated a preliminary version of

the modelvyiih quarterly data for the nation.as a whole. While the pre-

liminary estimates support the underlying fram(ework of the model, further

work needs to be done before we 7can tell wh7 her or not there is indeed

a direct relation between inflation and unemployment.
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Program Simulation

Our procedure for simulating the effect of a labor subsidy program

is first to translate a subsidy into a shift in the supply or demand for

workers who are eligible for the subsidy in a :rate and then to simulate

with the econometric model of state labor markets the effects of this

shift on both eligible and
ineligible workers in the state.

As the first implementation of this procedure we have simulated the

effects of the Work Bonus TaxCredit, an earnings subsidy for all families

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

.1

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

sidy at low levels 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

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 would 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

And 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 low 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 frdi 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 presented in the completely revised paper "A Diffusion

Analysis of Participation in the Aid to Families with Dependent Children

(AFDC) Program by States" (pp. 6.16.25). The objective of this analysis

is to explain participation 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 partici-

pation and, hence, cost of government programs, in general. Typically

participation in a new program grows more slowly than would be expected

on the basis of eligibility but then mushrooms as information regarding

the program disseminates. The diffusion model explains and predicts

these differential growth rates. Moreover, it is readily amenable to

empirical implementation.

Theoretical Analysis

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-

actionbetween 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 understood, and because

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

as reforms in the existing income tax structure. Similarly, analysis of

labor supply and the social wIcurity payroll tax was initiated both be-

cause the payroll tax affects labor supply in ways not previously perceived

and because the Work Bonus Tax Credit was conceived as a-reform in this

tax.

In the pkper "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 tax bracket. The wage tax equals

the marginal rate paid on family ineome'while the income transfer equals

net savings from not having to pay -ax at this high marginal rate on all

earnings. At intervals where tax rates change the family departs from

its reduced form supply equation entirely. These results limit the im-

plications of survey research and suggest modifications in procedures

for estimation and simulation of supply relationships.

The effects of changes in the parameters 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).

is .11
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It is shown that the effects of changes in the tax parameters can.be

) described in terms of intertemporal substitution an,' ...;s:zome effects.

Given ap increase in the tax rate, if the intertemporal substitution

effect dominates, then tha individdal substitutes income in the early

stages for income later in the life cycle. If the intertemporal income

effect dominates, however, the individual spreads the life cycle income

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

level, if the intertemporal income effect dominates, the increase

total income is spread over all stages; if the intertemporal,dubstitutioni

effect dominates, income just before the taxable stages is substituted

for income in all other stages.

It is commonly ,argued that an increase in the payroll tax would de-

crease labor supply. The analysis presented in tht paper "tabor SUpply

and the Social Security Payroll Tax" (pp. 9.1-9.9), implies that while

for individuals with earnings below the ceiling an increase in the tax

Would indeed reduce their received wage and, thus, reduce their labor

supply, for individuals with earnings above the ceiling an increase in

the tax would not affect their received wage but valid reduce their eEfec-

tive level of ...nearned 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 increase labor supply. The net effect can

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

12



LABOR MARKETS, HUMAN CAPITAL-5--AND- THE

STRUCTURE OF EARNINGS

by Peter M. Greenston and C. Duncan MacRae

Abstract

A state labor market model which integrates the theory of supply

and demand with the theory of human capital is developed in this

paper. Families are aggregated by human capital theory into eight

groups according to the demographic-educational characteristics

Of their head. Supply, relative wage, and demand equations are

estimated with data aggregated from the 1970 Census 1-1000 State

Public Use Sample for 30 states or groups of states. The estimates

indicate that demand is slightly elastic while primary and secondary

Q.

supplies for all family groups are backward-bending. Predicted

wages, hours and, hence, earnings for primary and secondary in-

dividuals in all family groupsin a state are obtained by solving

the nonlinear system of equations. For all but the smallest

groups and. states 'the explanatory power of the model in 1969 is

/good, The model predicts, in particular, that the benefits of

output growth are distributed 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 CAPITAL; AND THE STRUCTURE OF EARNINGS*

rs

c

by Peter M. Crcenston and C. Duncan MacRae

The Urban Institute

There has been considerable discussion of reforming the current welfare

system. The issues revolve around improving the distribution of income without

at the same'time seriously undermining work incentives for participants or dis-

placing non-p"articipants. Many of the proposals incltide work requirements for

the able-bodied while. extending coverage to the working poor perhaps in the

form of'an earnings-conditioned supplement. To deal with these issues and the

implicit trade-offs policy makers need information about how proposed changes

would affect work :incentives and hence labor supply, and about how the changes

in labor supply in conjunction with market demand determine a new market equi-

librium and hence 'affect the distribution of income.

- In this paper we specify, estimate, and evaluate a cross-section state

labor market model which integrates the theory of human ,capital into an analy-

sis of labor market supply and demand. The immediate result is an econometric

model that predicts wage rates, employment levels, and hence earnings for six-

teen demographically defined groups of individuals in each of thirty states or

groups of states in the United States. The model is designed in particula to

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

existing and proposed -- on both participants and non-participants in all states

and, hence, for the nation as a whole.

In attempting to explain the 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 markc't

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

15



i.2

on explaining earnings differentials without carefully distinguishing the wage

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

model in which suppl-as-wRil_as demand factors account for regional wage dif-

ferences.

Before presenting an overview of the model th basic assumptions which

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

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

determined endogenously, while their tastes, identifyng demographic charac-

teristics, and unearned income are taken as exogenous.\

\

The level and compo-

:,

sition of output in each labor market is also determincid outside the model.

\

Second, we estimate cross-sectional relationships using; states and' state ag-

gmates as our labor markets. Workers are assumed to b,e mobile within a

state labor market but immobile between them. Third, wolfkers are acknowledged

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

themselves in human capital stock differences and that human capital is a homo-

geneous and substitutable factor of production. Fourth, the existing federal

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

it is incorporated implicitly in the estimates of the coefficients of the model.

Families 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

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

(secondary workers) 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

It



1.3

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

secondary worker supply equations are derived from the traditional income-leisure

choice model and specifila-f roup

By. assuming a high degree of correlation between the demographic-educational

characteristics of workers and their utilized stocks of human capital we can

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

pital. Moreover, according to huthan capital theory the wage rate of ahqndivi.-:

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

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

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-

pendent of the supply and demand conditions in a particular laboi. market.

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

_

quality of labor services vary from one group tp-another. The hours offered by

each group are weighted by an estimate of their relativ stocks of human capital,

as a proxy for quality differences, and then aggregated to form market demand.

Equilibrium obtains when market demand is exactly satisfied by-the sum of weighted

hours supplied by each group. The numeraire wage rate, which is also determined

in the supply-demand equilibrium, and the relati4e wage rates, given by relative

utilized human capital,-then determine the absolute levels of the other wage

rates.

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 - leisure choice, human capita], and production function theory.

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

I'7



1.4

In the second 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 of demographic-education charactUTtstics of thefr heads,

and the aggregation of primary and secondary workers into homogeneous human

capital groups. In the third section the supply, relative wage, and demand

equations are specified in-accprd with both the theory developed in the first

section and the limitations imposed by the data discussed in' the second sec-

tion. We also discuss the methods used to estimate the simultaneous equations

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

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 family type-state observation. Predicted, aP-

tual, and percentage difference values are reported by family type and by state

for primary and secondary wage rates, hours per family, earnings per family and

income per family. To illustrate the model's usefulness in illuminating distri-

butional questions, wc 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.

4
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1.5

I. LABOR MARKET THEORY

In this section we discuss the theoretical underpinning of the determi-

nants of wage rates and hours worked. FiTaT-tabor-supply-equations fnr a pri-

mary worker and for a representative secondary worker of each family type are

derived from the maximization of family utility in a static income-leisure choice

model. Second, we discuss the determination in equilibrium'of relative wage rates

by relative stocks of utilized human capital. Third, the market demand for labor
o

is derived from the conditions for profit maximization of firms operating in com-

petitive markets. Hours demanded are expressed in equivalent-quality 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 human capital

ratios. Intersections of market demand and aggregate supply curves then 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

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 betOeen the work efforts of family^mem-

bers. To capture this interdependence we postulate separate supply curves for the

family head jprimary worker) and for the other family members (secondary workers)

linked togelher in a simultaneous equations framework. The families in a labor

market area are partitioned by the demographic and educational characteristics 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. 1 9



1.6

Consider now a representative faMily of the ith family type living in the

lth labor market area. We assume this family maximizes its satisfaction by

achieving the optimum Mix of family income and leisure consistent with its pre;'-

erences-;fur income-vis-a-vis-leisure-and-the-market_eppartunities it faces as

expressed by its budget constraint. Formally the average faMily is said to

maximize utility

U
ij

= u
i i i
((TP - HP

j i ij
)/F (T - H )/F

ij
,Y
ij

/F
ij

}

subject to the family budget constraint

(1.2) Y /F
iJ

. = WijHij /Fij + Ws Hs /F
ij ij

+ Y /F .

The number of families composing the type is denoted by Fij. The primary worker

of the family consumes (Ti - Hij )/F
ij i

hours of leisure per year, where HP
j

is the

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

Ti is their total available time. The corresponding secondary worker consumes

(Ti H
ij

)/F
ij

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 Yii/Fii. It is the sum Of primary earnings, secondary earnings, and family

non-labor income: Wij
i

HP
j ij ij
/F W H /F

ij' ij
and Y /F respectively.' The market

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

WP and W
s

ij
W.

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 wage of the spouse, and the family's non-labor income.
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If we also assume, as is commonly done, that the technical cross-substitution

effect 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

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

Accord-

, ingly, other famfly member earnings can be lumped together with non-labor incomes

so that the labor supply equations for primary and secondary workers can be writ-

ten as:

(1.3a) BPj IF
ij i

= sP{WP
ij

,(Ws Hs
j i
+ Y1

j
)/F

ij
.,ZP )

i ij i ij

and

(1.3b)

where Z
ij

and Z. are vectors of socio-demographic variables.

These equations make explicit several important features of our model. First,

the labor supply response of a particular family type i to social, demographic,

and economic influences 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 areas. In other words, these are family labor supply ,equations

estimated across labor ma4et areas. Second, we allow, for variation in laoor

supply behavior from one gamily type to another. Third, labor supplies forth-

coming from primary and secondary workers are interdependent. The primary worker's

hours depend upon secondary earnings and secondary worker hours depend upon pri-

mary earnings. As mentioned there are other variables (Z
j

and Z
s

) in addition
i

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 discussed in the model

specification section.
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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 capital stocks in determining the relative wage rate faced by primary workers of

one family type vis-a-vis the wage rate faced by primary workers of another typo, 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 cpmManded 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 we can express the

wage rate of a primary worker from a family of the ith type who lives and works

in the ,nth market area as

(1.4) WP = KP . .

The rate of return is the rental price of a unit of human capital in the market

andisdenotedbywand indexes the stock of human capital. This equation

expresses the fact that wage rates ( of primary :urkers) 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 groups in

our society earn less than the market rate of return on the stock of human capi-

tal that they possess.
4
.-- We view this as underutilization 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.
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In equilibrium human capital stocks and supply-demand conditions, as reflected

in the market rate of return, deteymine the absolute market wage rate.' Relative

market wage rates, however, are determined only by relative stocks of human capi-

tal:

(1.5) P P, PW
/W lPj

= K a
l'

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

market. This relation follows directly from (1.4). It does so because we are
\\,

assuming that there is one market where all groups can sell their human capital

with equal ease and where they receive the same rate of return on the marginal

unit. In this sense human capital is homogeneous and perfectly substitutable.

Substitutability can be illustrated in this context by considering a situ-

ation in which relative wage rates are out of equilibrium as given by (1.5).

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 is

spent on obtaining services from group 1 rather than group i. By the homoge-

neity assumption he views the services provided as identical and, consequently,

proceeds to purchase extra services from group 1. This increases WPii relative

to WP
j

and pushes wage rates towards equality with relative stocks of utilized
Wig

human capital.

If the original premise 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 the premise is to being fulfilled, the less will be the variation in

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

2:1
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u'Alization rate of its human capital across market areas will also produce

variation in the corresponding relative wage rates.

As already mentioned, family types are defined by the demographic charac-

teristics of the family head. Thus, secondary workers of a given family type

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

therefore, that demographic similarities of secondary workers within a given

family type 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 dependents so that the presumed intra-group similarities also

imply family compositional similarity.

Accordingly, we assume a high degree of correlation but not equality between.

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

secondary workers of the ith,familir type can be though of as homogeneous in their

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

workers analogous to that for primary workers:

Ws = w Ks.

The market wage confronting a representative secondary worker of the

ith family type working in the lh 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 typeare determined independently of the particular market by the cor-

responding relative stocks of human capital in'equilihrium:

(1.7)
wS /wp 4S/ e.
ij ij
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This relationship, just like(1.5), is contigent on an association between

demographic characteristics of the primary worker and his (her) stock of human

capital and on a high correlation between primary and secondary worker utilized

human capital stocks.

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

market demand.

Market Labor Demand

In each market area the demand forllabor 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 j.th market area is

(1.8) = a (8 C P+ (1-8 )L P
)
-P/P

,

where Q is real value added, C is an index of aggregate capital services, and L

is an index of aggregate labor services. The elasticity of substitution a may be

written as a = 1/(1+0. The returns to scale are measured by the value of the

parameter 0.

of capital and labor servicesThe existence of consistent indexes

is intimately related to estimates of the partia1/40cities of substitution

among thO'components of the index.
5

In our model 9 assume that the elasticity

of,substitution between the different types of labor is infinite within any mar-

ket area, while no substitution is possible across labor market areas.
6

Relative

sto&.ks of human capital, which tn equilibrium equal relative wage rates, are used

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

of the first family type as a numeraire, the aggregate labor index is:
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(1.9) L
J i

= (0)/0)11P
j i

+ (0/6,P)(0)/0)lls..E
i3

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 which has ap-

--plied-relative wage-rates-to -Altai:I-a-measure-of-labor input An-constant-quality

units for. estimation of an inter-regional production function,
7

and to adjust an

historical measure of labor hours for Chan..;es in the quality of labor services.
8

The demand for labor is derived from the production funtion (1.8) under the

assumption 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 competiti7e, profit-maxi- -

mizing employers alter their input-mix-until each fa4or's marginal product

equals its cost and returns ,to scale at themargin are7Constant)....(191).

The demand function for aggregate labor may then be written as:

(1.10)
1/(1+p) -1/(1+p)

Li .5 ju) Qjwlj

where W
lj

is the real price of U.I.' Since output is assumed to be given exoge-.

J

nously, we may rewrite (1.10) as

L
J j

= d
J
{W )

'

where Ij captures industrial differences in the demand for labor. Demand for

equivalent-quality labor per dollar of output in the ,nth market area is a func-

tion of the numernire group wage rate. Moreover, demand Fill differ from one

market area to another corresponding to differences in industrial composition.

.26
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Equilibrium in the Ith labor market is achieved when the demand and supply

of equivalent 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 are jointly determined in each market area. For each family

type thive are primary and secondary supply functions ((1.3a) and (1.3b)) and

relative human capital equations ((1.5) and (1.7)) for the representative family.

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

group, houri ((1.11)). Market equilibrium jointly determines primary and secon-

1:-,

.dary hours for each family type, the numeraire -group wage rate, 'and by construe-

tion -7 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.
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II. LABOR MARKET DATA

In this section we first discuss the choice of states as labor market

areas and the measurement of state output using data published -by the Bu-

reau of Economic Analysis (BEA), U.S. Department of Commerce. With the

State Public-Use Sample of the 197p Census as, the data source, labor supply

data are considered next: faMily membership and types are defined, and the

measurement of economic variableslfor representative workers is described.
o

Finally, nsinifamily types as building blocks, the formation of human 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

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

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

To analyze tile distribution 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-
.

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 areas have been delineated



by the BEA. There are 173 mutually exclusiveland completely exhaustive areas.

We chose not to use the PEA for several 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 areas, greatly increasing data pro-

cessing requirements. Secondly, states are for many purposes appropriate

units for analyzing the effects of human resource programs -- a task for

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

limits, and administered on a state level. However, the fact that we do aggre-

gate some of the less populous states lessens this advantage of states vis-a-

vis FEA's.

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

of observations compatible with the Current Population Survey Public Use

Sample so that our results can be tested with an alternative set of data.
9

The following aggregations have been created: Alabama-Mississippi; Alaska-

Hawaii-Washington; Arizona-Colorado-New MexicO; Arkansas-Oklahoma; Delaware-

Virginia; Idaho-Montana-Nevada-Utah=Wyoming; Iowa-Minnesota; Kansas-Nebraska -
0

North Dakota-South Dakota; Maine-Massachusetts-New Hampshire-Rhode Island-

Vermont; Michigan-Wisconsin; North Carolina-South Carolina. In all, 32 states

have been aggregated into 11 larger groups, while 18 states and the District

of Columbia stand by themselves, making a total of 30 labor market observations.

Non-farm output estimates by state are constructed from state personal

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

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

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

29
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try diviiion are published. In order to derive an estimate of the total

income originating in a given sector in a state we assume that the ratio of

total to personal income originating in any state equals 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

and retail trade; finance, insurance, and real estate; transportation,

communications, and public utilities; and services.

Estimates of total income-originating in the government sector by state

are handled analogously. Here we assume that the ratio of total income to

the 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 governments in the.nation.

State output is the sum of the estimated contributions to value added

from each sector. It should be stressed that our output measures do not in-

clude depreciation or Indirect business taxes. They correspond to national

income at factor prices and are, therefore, the most satisfuctoiy measure

for estimating derived demand functions for factors of production.

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

by MOUT. 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, transportation,

communication and public utilities).

Finally, it should be noted that wages, income and output are measured in

nominal terms because a satisfactory regional price index does not currently

exist.
11
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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 fhe head) individuals, roomers,

boarders, and lodgers are treated as primary workers in our model. All

other people in the household -- i.e. other members of the primary family

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

elude all people livine4n group quarters except for those in rooming and

boarding houses, tourist homes,, and communes. Of those living in house-
,

holds, we exclude from the labor force people less than sixteen years of

age. those employed by the military, and those who earn their living on

farms (Census Occupation Codes 801-846).

In each state or state aggregate primary workers are partitioned into

120 groups by race, age, 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 Tyears, 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 characteristics 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.

31
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Annual hours are estimated for Pach group by multiplying the number of weeks

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 use of groups rather than individuals precludes

significant biasbias acro:-,3 groups: hours of tLe representative primary (secondary)

worker of a giv..n family type are obtained by summing the hours of all such pri-

mary (secondary) 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 earnings 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, pension re-

ceipts, rental and dividend income, but excludes public assistance receipts.

Social security, unemployment 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 he distinguished from the other

three forms of income transfer by the manner in which receipts 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

non-labor income over all families and dividing by the number of families of this

type.
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In addition to the economic varlahlvs, socio-demographic information the

individuals comprising each family type is tabulated. Before describing these

variables, we turn to a discussion of the statistical and computational problems

inherent in the use of 240 human-capital groups and the resultant aggregation

that was performed.

Human Capital Aggregation

'7 Not only are some of the 240 human capital group cells in each state empty,

but there are a large number composed of only a few individuals. This is not sur-

prising considering that, for example, non-white primaries comprise approximately

ten percent of the population but are partitioned into sixty cells; or female-

heads which are approximately ten percent of all heads and also partitioned into

sixty'cells. Furthermore, the youngest'and oldest age cells, as well as the

higher education cells, areccomprised of small numbers of workers. The asso-

ciated high sampling errors for these cells would likely swamp the true (popu-

lation) values so that supply functions for many of the family types could not be

estimated. Even pooling the types and correcting for heteroscedasticity

error variance would not likely be sufficient.

Accordingly, the 120 family types were used as building blocks to form larger

groups of workers reasonably homoieneOus 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-

14
mizing intra-group variation. 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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relationship 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 definitioqally separated into

two parts, an inter-group or between group sums of squares (BSS) -- the so-called ex-

plained variation given the groups -- and the sum of the intra-group sums of squares.

The algorithm calculates the variance of the wage rate for each possible dichoto-

mization of the group under scrutiny by each explanatory variable, splitting that

,group on the variable which accounts for the 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-

geneous -- if the split reduces the unexplained variation by a specified proportion

of the original parent sample variation, and to keep sampling error in bounds --

if the split 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 stopped 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

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) arld then the more

educated group split on age (16-35 years olds versus 36-over), while males went
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TABLE 1

Composiitun of California Primary Workers
by Sex, Education, Age, and Race
with Average Hourly Wage Rates

1970 Census State Public Use Sample

Sex

Observations
Number Proportion

Av. Hourly
Wage Rate

Male 3794 .827 $ 5.48

Female 796 .173 3.30

Education

526 .115 $ 4.370-8 years of school
9-11 years of school 714 .156 4.45

High school graduate 1543 .336 4.72

Some college (13-15 years) 981 .214 5.03

College graduates 383 .083 6.49

17-over years of school 443 .097 7.34

Age

161 .035 $ 2.6816-21 years old
22-35 years old 1572 .342 4.42

36-54 years old 2010 .438 5.62

55-64 years old 669 .146 5.27

65-over 178 .039 6.88

Race

White 4179 .910 $ 5.21

Non-white 411 .090 4.05

Total- 4590 1.000 $ 5.11
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thr.ough 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 implication is that in explaining the total variation, in wage rates across a

large diverse sample -- such as all California primary workers--education, age,

and sex differences are relatively more important vis-a-vis race by themselves,

Zcgether with 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

their gage rates were extremely low- -which they are not: an average hourly wage

of $3.82 compared to $4.88 for middle aged males without high school 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 with X16

or more years of schooling, so that sex differences do not account for much of

the total group variation. This does:not imply that male-female wage differences

are not present (see below), just that in this branch 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 view to having groups not too dissimilar in size, several of the final groups

were collapsed so that we finally arrived at eight reasonably homogeneous human

capital groups of primary worke.-s. These groups are listed in Table 2 along with

their alphabetic identifiers (which.will be used throughout the paper). For each

group the Table also reports the number 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-O-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 experience (as measured by age) does sub-

at;
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TABLE 2

Human Capital Groups by Demographic Characteristics, California Primary Workers

1970 Census Public Use ample

Observations Avetage Units of

Hourly Utilized

Number Proportion Wage Rate Human Capital

1. Male and Female, age 35-over
College graduates (M/F-0-C) 513 12 $ 7.79 1.37

2. Male and Female, age 16-35
,

College graduates (M/F-Y-C) 313 .068 5.56 .98

3. Males, age 36-over, School
0-11 years (M-O-NH) 790 .172 5.00 .88

4. Males, age 36-over, High
school graduate (M-O-H) 742 .162 5.67 1.00

5. Males, age 36-over, Some
college (M-O-SC) 42 .092 6.17 1.09

6. Males, age 16-35, School
0-15 years (M-Y-NC) 1127 .245 4.28 .75

7. Females, age 36-over, School
0-15 years (F-O-NC) 392 .085 3.50 .62

8. Females, age 16-35
School 0-15 years (F-Y-NC) 293 .064 2.83 .50

Total Sample 4590 1.000 $ 5.11
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stitute for education. Moreover, the sex composition difference between Croups

M/F-Y-C, and M-0-11 and M-O-SC is a sUght factor: younger male eollege graduates

had wage rates of $5.78, slightly higher than older male high school graduates

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

primary workers can be inferred from a comparison of Groups M-Y-NC and F-Y-NC,

and F-O-NC with an average of M-O-NH, M-0-11 and M -O-NC. Moreover, among college

graduates, wage rates of older females average $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

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 difference between those with 0-8 years of schooling 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 althonah there is a trade-off between schooling and experi-

ence. Average wage rates of female primary workers ,are less than corresponding

male workers and the pay-off to more schooling is also lower fel females.

The analysis of variance technique hac been used to delineate eight groupings

of primary workers in California which are reasonably homogeneous in wage rates,

and, therefore, in utilized human eapitall. This structure is applied to each

state to create sixteen groups of workers -- eight primary and eight secondary --

from the 120 family types. Accordingly, there are sixteen labor-supply observa-

tions in each state.

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

individual is extracted and the associated human capital group variables are built
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up fiom individual characteristics.
Appearing in .the, labor supply equations arc:

RACEP, RACES; AGEP, AGES; SEXP, SEXS; EDUP, EDUS;SPOUSE;.DPENDP DPENDS; and URBAN. .

The P and S suffixes denote primary and secondary workers respectively. For each

group in each state: RACE is the proportion of white workers; AGE is the propor-

tiull of prime-age workers (22-54 years old);. SEX is the proportion of males; EDU

is the proportion of high school graduates; SPOUSE is the proportion of families

with spouse present in the household; DPENDP is the proportiOn of families in which

there are financially dependent children (those less than 18 years of age), while

DPENDS denotes the proportion of families with adult secondary workers who also

have dependent children; and URBAN is the proportion of families living in urban

places. We note that since the characteristics of the primary werICer define the

family type, SEXP, and EDUP take on only 0 to 1 values for some of the groups.

.3g



1.26

III. STRUCTURAL EQUA'T'IONS SPECIFICATION

In this section we specify the relative human capital, supply,

demand equations used to predict wages and hours for primary and seconda ?:y

workers in each of sixteen human capital groups ineach of thirty states

and state aggregates. We present a rationale for the variables which have

been included in the equations and discuss the methods.employed estimate

the simultaneous equations model.

Relative Wage Equations

The reader may recall that in equilibrium and under the assumptions

thatewe have made, relative primary wage rates (any primary group, vis -a -vis

the numeraire group) and relative secondary wage rates (any secondary group

vis-a-vis its primary) are equalto their corresponding relative stocks of

human capitalTo estimate the celative stocks of human capital for each

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

logarithm of the relative wage is the dependent variable and the explana-

15
tory variables are dembgraphie variables. The primary relative-wage re-e

equation is

. (3.1) log(WT:' /WP ) = aD' + +aD +aD + +aD +
ij 4j 1 lj 3 3j 5 5j 8 8j 'ij

where M-O-H is the numeraire group, and the D's are binary variables with

one for each age-sex-education interaction. The error term is denoted by yil.

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

state observations and the predicted values, are taken as estimates of equiii-

'brium relative stocks of human capital. We denote them, following (1.5), by

Ki /KP for i a 1, 0400, 5, oeo 8.
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Specification of the relative secondary wage rate equation follows

analogously:

(3.2) log(W7j/W11.5) = biDij+ + b3D3J+ b4D4j+ + b8D8j+ Sij.

Relative secondary wage rates for each group are estimated over the thirty

4 7 state observations and the predicted values are taken as estimates. of the

equilibrium ratio of primary to secondary stocks of human Capital.

lowing J1.7) we denote them by Ki/Ki, for i = 1,..., 8.

In addition to the binary age-sex-education variables we also intro-

duce a south/non-south duram- variable NS to test for regional variation in

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

crimination across states confronting one or several human capital groups,

the proportion of utilize'd to actual human capital will vary accordingly and

some of the variation may be explainable by a simple dummy variable.` Second,

there has been much discussion of the variation itrthe quality,of schooling

across the cot.ntry and, particularly, that the quality is lower in the South.

If the quality of schooling is not uniformly inferior across groups in the

South then its presence 'should be reflected in "regional variation in relative

Wage rates. The southern state observations are: Alabama-Mississippi, Arkan-

sas-Oklahoma,
Delaware-Viiginia; District of Columbia, Florida, Georgia, Ken-

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

and West Virginia.

Labor Supply Equation

The primary supply equation in its feedback formulation is given by'
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)

(3.3) HP
j
/F

ij
= c

01
+ c WP

j
+ c 2if

wp
j\

2

3it j j

yn
j\I ij

+ c
4i

RACEP
ij

+ c
5i

AGEP
ij

+ c
6i

SEX?
ij

+ c
7i

EDUP
ij

+ c
8i

URBAN
ij

+ c
9i

SPOUSE
ij

+ c
10i

DPENDPI:i + eij,

where e
ij

is a random error term and the socio-demographic variables ve

been defined in the previous section. There are eight primary human cap tal

groups (index i) in each of thirty states (index j). In our estimation work

we take as the null hypothesis a simpler, recursive formulation -- primary

hours supplied are independent of secondary earnings -- and examine whether
...-

the data suport the more complex feedback behavior. In addition to our pref-

erence for simpler over complex formulations, it has also been conjectured by

other researchers that the dependence of the primary worker upon secondary

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

16
primary worker earnings. The argUment is that the existence of positive

secondary earnings may reflect the fact that the head of the family is/not

working as well as being a determinant of the number of primary hours worked.

We experimented with regressions for each group separately and with

stacking several groups in a regression --the extreme case being all eight groups

in one regression 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 same 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 labor supply

response of peopl in male-headed families to be different from that of people

- in female-headed families. Male-headed and female-headed families arc strug7

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

42
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definition there is no spouse. When there is a spouse present the family

has an additional factor of production and the primary worker enjoys greater

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

sure. The female head becomes responsible for both earning a living and taking

care of the home and children so that her labor supply response to market wage

rates is influenced 1));' 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 behavior on the part of secondary workers.

We have also used "permanent" or potential wage rates instead of actual

wage rates in the supply equations. It has been hypothesized 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 supply

behavior observed is strongly influenced by expectations which themselves are

shaped by economic institutions and demographic-education factors
1:7

he

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 assumption that differences in potential wage rates are pri-

marily attributable to differences in productivity. As a first approximation,

we use the combinations of demographic characteristics employed in the defi-

nition of human capital groups as proxies for productivity differences. Accord-

ingly, we take the estimated relative stock of human capital as a measure of

average relative productivity of groups, and construct potential wage rates

4:3
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as follows:

(3.4)

1.30

WP = (0i 71(P)WP
ij 4 4j

In equilibrium the representative primary worker (of the ith family type and

jth state) can be thought of as having expectations of a wage rate propor-

tional to that pf the numeraire group, the constant of proportionality being

a measure of his(her) relative productivity. We also note that the concept

of potential wage rates gives us a method for imputing a wage rate to a group

which has reported zero hours and earnings and consequently, for whom the ac-

tual wage rate is 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 observations.

A priori expectations are for increased supply in response to increased wage

rates (c >0) though backward-bending phenomena may be observed (c
2i-

<0).

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 leisure would increase as

family income increases. Two variables are introduced to account for the

influence of marital status and the presence of children. The presence of

a spouse or dependents may entail greater financial responsibilities and may

alter the family head's preference for work over leisure; we would expect

c
9i

>0 and c10i >O. 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.opportunity cost of leisure, the external in-

fluence of others in determining one's oun consumption patterns and because

of a possible increased cost of leisure activities; we would expect c
8i

>O.
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The white/non-white variable reflects any differences in taste pref-

erences for work versus leisure, including those resulting from past occu-

pational discrimination. The use of a prime/non-prime age variable reflects

several considerations. Individual work preferences vary over the life cycle.

.
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

health or at least their ability to enjoy leisure hours. The sex variable

accounts for differences in work-leisure preferences resulting from the more

limited opportunities for work of female heads as well as the presence of

programs such as AFDC which 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 have more opportunities for employment. It should be noted that a

logarithmic formulation of primary supply was also estimated but found gener-

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:

P
(3.5)

i
/F = d + d (W )

2
+ d (W

P
H. + Y

i
)/F

j ij Oi ij
Ws + d

2i ij 3i ij j ij

+ do RACESij + d51 AGES
ij

. + d
6i

SEXSij + d71 EDUS
i3

+ d81 URBANij + d9i SPOUSEij + d10i DPENDSij +

where n
ij

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

logarithmic formulation. As with the primary supply equation we ran regres-

sions on groups separately and stacked.
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- Secondary workers are expected to increase their work effort as wages

increase (d >0) though supply may bend-backward (d2.<0). Secondary hours
'

also are expected to vary inversely with other family income (d3i<O), though

a positive sign may indicate a preference for market work by the secondary

worker (hous'ewife) 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 in 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 differ-

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 (dlole), depending on the spouse's 'hourly wage

rate relative to child care costs and the value of house (non-market) work.

Just as in the case a.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:

(3.6) Wig = (K /1('
D

)1.1
p

The representative 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.

Labor Demand Equation

We express the market demand for labor services in equivalent-quality

hours (i.e. units of Croup M -O -R hours) and posit that the demand per dollar

of product output in a state (NOUT) is explained by the pLevailing wage rate
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for numeraire group workers and the industrial composition in that state

(NOUTI). Following (11) the equation is

d P
(3.7) log(HJNOUT

i
) = log(e

0
) + e

1
log(W4) + e

2
NOUTI

i
+ 0i,

i '

where 0
J i

is a random error term. Total equivalent-quality hours, H
d
, are

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

A A A

(3.8) H
d

= E(KP/KP)HP + E(Ks/e)(KP/KP)Hs
i i 4 ij i i 1 4 ij

i

An estimate of the elasticity of demand for equivalent-quality hours with

respect to the numeraire wage rate is given by el. An estimate of the effect

on the demand for labor of a shift in industrial composition is given by e2.

A negative 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 equations are estimated using an
Ai

instrumental variables method. Moreover, since the model is nonlinear we

augment the exogenous variables with instruments which incorporate information

regarding the specific form of nonlinearity in each equation. Accordingly,

for the demand equation, (3.7), we augment the instruments with the logarithm

of the fitted value of W4 on a regression of all the exogenous variables,
4

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 Hs and Ws in the primary equation, and with

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

19
HP and WP in the secondary supply equation.

ti7

1
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In the model, there are two exogenous variables, NOUT and NOUTI, deter-

mining equivalent-quality labor demand. Moreover, for each family type, there

are nine exogenous variables: F, Yn, URBAN, SPOUSE, DPENDP(DPENDS), RACEP(RACES),

ACEP(AbES), SEXP(SEXS), and EDUP(EDUS) determining primary (secondary) worker

labor supply. Therefore, if all the exogenous variables in the model were'

used in the estimation of the demand and supply equations, 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 degrees of freedom problem in estimation since we have observations from

only 30_states or groups of mates. To circumvent the problem we have selected

the most important exogenous variables for use as instruments in each equation.

For the primary (secondary) 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. For the demand equation we hive chosen 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.

/`,

L1 4
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IV. ESTIMATED STRUCTURAL EQUATIONS

In this section we present the estimates of the relative wage, the labor

supply and demand 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 relative stocks of utilized human capital and therefore are constant

across state labor markets, although we do test for regional (south vs. non-

South) differences. The estimated coefficients with standard errors in paren-

theses are reported below:

(4.1) log(WI! /WP ) = .399 Di + .069.D, - .185 D, + .123 Dc - .254 D4
ij 4j

(.022) (.022) 4 (.022) j (.022) (.022)

- .553 D - .585 D + .054 NS

(.022) (.022) (.015) '

R
2

= .91, S.S.R. = 2.43, S.E.E. .11, NO.OBS. = 210,

where R
2
is the coefficient of determination, S.'S.R. is the sum of squared

residuals, and S.E.E. is the standard error of the estimate. The coefficients'

can be interpreted as the percentage deviation of the wage rate of the group

in question from the wage 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 higher-in the non-south states. We note that

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

that have been delineated.

In Table 3 we present the eszimated relative primary wage rates (or human

capital stocks) along with the associated multiplicative standard errors in

parentheses for each group. The relative primary wage equation corroborates

over all states the 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 reflect 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 ant: applying that struc-

turc to the other states.

We turn now to the estimation of the relative secondary wage rate or

human capital equation. If 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 the logarithm of secondary to primary relative wage rates against a set

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

RELATIVE WAGE RATE OR HUMAN CAPITAL STOCK-
_

ESTiATESiYHUNAN CAPITAL GROUP

FOR PRIMARY AND SECONDARY WORKERS

(multiplicative standard errors in parenthesis)

HUMAN CAPITAL GROUP

SEX ACE ED

PRIMARY WORKERS Wi M) SECONDARY WORKERS Ws/WP
4 i

Non-South South I Non-South South

1

2

3

4

5

6

7

8

M/F

M/F

M

M

M

F

0

0

0

0

0

C

NH

H

SC

NC

NC

NC

1.57

1.13

.88

1.00

1.19

.82

.61

.58

(1.02)

"

"

"

"

"

"

1.49

1.07

.83

1.00

1.13

.78

.58

.56

(1.02)

"

"

"

"

"

"

.52

.83

.68

.60

.57

.80

1.03

.92

(1.03).

"

"

"

"

"

"

(1.04)

.54

.86

.71

.63

.59

.84

1.08

.96

(1.04)

"

11

11

11

M = male head

F = female head

0 = age 36-over

Y = age 16-35

C = college graduate

SC = some college

H = llgh school graduate

NC = nod- college graduate

NH = non-high school graduate
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introduce a dummy to test for a regional difference in relative wage rates.

The estimated coefficients with standard errors in parentheses are reported

below:

(4.2) log(Wsij/W114) =-,617 DI - .145 D2 - .345 D3 - .41'18 D4 - .520 D5

4 (.035) (.035) (.035) (.035) (.035)

- .176 D
6
+ .074 D

7
- .037 D

8
- .046 NS ,

(.035) (.035) (.037) (.023)

R
2

= .63, S.S.R. = 7.36, S.E.E. = .180, NO.OBS. = 237.

The south/non-south dummy is negatively signed and significantly different

from zero, indicating that relative secondary wage rates are greater in the

south. We note, however, that relative secondary wage rates are higher 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-south 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 secondary wage rates to exceed primary wage

rates in the male-headed ----ns, 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

between the human capital of primary and secondary workers than among the

lower human capital groups because utilized human capital is not evenly dis-

tributed. The results support these a priori notions.

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'equations. For primary workers

we found that separate equations (except for the M/F-O-C and M/F-Y-C groups)

gave results most in accord with our a priori 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

v".

which we ,did not find significant response differences. Beginning with a

preference for 'the simpler, recursive formulation we found no evidence for

X
rejecting this in favor of the feedback formulation.

In Table 4 the primary supply coefficients and standard errors of the

quadratic 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-O-C and M/F-Y-C. The

income term coefficients have the theorectically expected sign in four equa-

tions, two cases of which are statistically significant. In the female-headed

family groups and the young, male, non-college graduate group the coefficients

indicate that labor supply increases (leisure decreases) in response to an

increase in unearned income. Although statistically significance cannot be

attached to the coefficients, the response is certainly plausible for the

younger groups in which the heads have strong job commitments and ham pref-

erences for earnings relative to leisure. A similar argument could be made-------_,,

til i
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for the group of older female primary workers on the grounds of family-bead

responsibilities in a family without substantial secondary earnings.

Several of the socio-demographic variables played significant roles in

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

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

The direction of its effect suggests that labor supply tends to be greater

for peopole of prime age vis-a7vis people over 55 years old. The influence

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

family groups (M-0-H),,and the presence of dependent children (DPENDP) was

significant only for the younger, male group (M-Y--[0. Geographic location

(URBAN) was a significant influence in two equations; in these cases living

in urban areas is associated with greater labor supply. No significant asso-

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

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

not haye significantly different labor supplies. The coefficient of de-

termination is greater than 0.50 for all tht groups except for F-Y-NC.

Further evidence of the good fit is provided by the standard error of the

estimate which ranges from 57 to only 153 hours compared to average labor

supp 'es of 670 to 1820 hours per year for the groups.

We now turn to the estimates of secondary worker supply equations. In

contrast to the primary supply equations, more reasonable supply parameter

estimates for secondary workers were obtained by stacking the groups in three

sets -- college grad-ates, male-headed, and female-headed family non-college

graduate -. 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 flic-

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,

are presented. Response to wage rates is backwarcLbending and statistically

significant 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 1-y the housewife for market work when husband's

earnings are sufficient either to mechanize the home work or to hire a substi-

tute. This finding is also consistent with the increasing labor force parti-

cipation of women in the last decade. At least one socio-demographic variable

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 R
2
and S.E.E. summary

tistics, matches that for the primary equations.

We have estimated supply equations for primary and secondary workers par-

titioned into homogeneous human capital grotps. The units of observation have

been viewed as average or representative workers of each group. In order to

get some indication of how our estimates compare with those of other inves-

tigators we calculate4 the total income elasticity (TIE) and compensated

substitution elasticity (CSE) for the average worker in each group.
20

Precise comparisons with other research, 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
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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 sample is not

stratified by income level?
1
They focus, however, only on prime age males.

if one compares dependent variables our model is Amilar to Hall's whoalso

-included all people in the labor force in his data sample22 Other inves-

tigators have either chosen a two-stage procedure in which the labor force

participation decision and the hours of work decision are separated, or they

23
have restricted the sample to those actually working. Like Hall, Boskin,

and Kalachek and Raines,
24

we explain wage rates by demographic characteris-

tics in a first.stage and derive a set of potential wage rates rather than

use the observed values in the supply equation estimation.

The TIE is defined as the percentage change in lafior supply with respect

to the percentage change in "total" income. It should be negative if leisure

is not an inferior good and not smaller than -1 if income is not inferior.

It is the elasticity implied in the supply equation estimation weighted by the

ratio of earnings to the income variable used (in the estimation). Hence, if

unearned income is the variable used, as it is in our primary supply equation,

then we effectively inflate the estimated elasticity by (WPHP/F) /(Yn/F) to

obtain the family-head TIE. In the secondary supply equation the income vari-

able used is WpHp -FY
n
, and to obtain the TIE we effectively deflate the esti-

mated elasticity by
(wsHs/F)/((wpHp.v.

Y
m)/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 elasticities is thus facilitated. The CSE is defined as the

wage elasticity minus the TIE and should be positive according to the assump-

tions underlying the income-leisure choice model.

/'

:6
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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 of 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 combination of positive TIE's and negative wage rate elasticities

at the mean wage rate on the supply curve. Similarly for secondary workers

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(Hd /NQUT) = 6.675*** - 1.049***logq. - .013 NOUTI
(.13) (.13)

R
2
= .75, S.E.E. = .064, NO.OBS. = 30.

The estimated demand elasticity with respect to the wage rate of 1.05 is in

,

agreement with other studies which appear to be converging on an estimated

25
value of unity for the elasticity of substitution.

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 the service

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

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

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 of the endogenous variables by state and human capital group.

We next analyze the effects of exogenous changes in output and population

upon the structure of earnings.and income by groups.

Model Solution

Our simultaneous equation model of the labOr market is composed of

a demand equation for equivalent-quality hours (within which is imbedded

the equilibrium condition), primary supply and relative wage equations,

and secondary supply and relative wage equations. Endogenous variables

are annual hours and wage rates for 16 age, sex, and education groups.

To predict with the model, we solve this nonlinear system of equa-

tions using an iterative solution technique. The recursive formulation

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 multiple solutions (equili-

bria) or no solution to the model. In the case of more than one solution

we report the solution which is closest to the actual 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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minimlzed the excess 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-
:

straints prohibit reporting them here. Consequently we pre'Sent for each

state (and the nation) and for each group average wage rate, hours, and

earnings for primary and secondary workers, 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 nation 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 weighted and summed over states to form national averages, the weights

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 less than
L

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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reader in referred to Table 3 for identification of the groups.) In the

first place, not all heads of households necessarily work. This partic-

ularly true since we include in the group of primary individuals many

who are only marginally in the work force. While they can work, they

may nut choose to work at the existing market wage. For example, we do

not exclude 'those over age 65 or those participating in social welfare

'programs without effective-work requirements. The primary ,hours forth-

coming fiom the non- college graduate female-headed family grOups are

also.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

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

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

the Census reference week may not be representative of the year as a

whole and constructing a measure of annual hours by multiplying weeks

worked'last year by hours worked during the reference week could lead to

the lower levels calculated. We tend to .discount this reason for all

groups, however; because several groups are, in, fact, working near the

full-time eqUivalent.

In all states but three an equilibilum solution was found and a

glance at Table 8 revealS that the percentage deviations between the

actual state averages and those predicted by the model are small for a

majority of the states. In general we can say that for'primary workers

the wage rate errors exceed the hours errors, and vice-versa for secon-

,dary workers, so that the secondary hours predictions are noticeably

worse than the primary hours predictions. Moreover, secondary earnings
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errors exceed the primary earnings errors. We note, however, that family

earnings errors are almost always smaller than their components because

wage rate and hours errors offset each other as do primary and secondary

earnings errors in many states. Striking examples are: Connecticut,

Illinois, and California. Furthermore, when states are aggregated their

errors dramatically offset each other, producing quite small errors for

the nation as a whole: wage rate,hours, and earnings errors less than

five percent for secondary workers and less than three percent for primary

workers.

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 relatively 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 equilibrium values. An exogenous expansion

in national output or income is represented by a proportionate increase

in state output and a proportionate increase in unearned income so that

Y
n
/F is also increased. All other exogenoUs variables are unchanged.

Second, the effects of national population change are explored by an

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

variables being unchanged.
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Before analyzing these cases in detail a few general remarks about

the results may he helpful. 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 will recall 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. Hence, wage rates and earnings per

family will be affected by compositional changes, the former directly and

the latter indirectly through wage rate changes. We have found, however,

that the compositional effects tend to support rather than oppose the

0 'individual effects. While we do not report the groupstate 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 7arket

demand 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 unearned 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 percent so that

together the demand and supply shifts produce excess demand at the old

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 average for all states (although the new wage

rates are slightly below the original ones in the disequilibrium states
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the result of comparing disequilibrium positions) as indicated in Table

12. The wage rate increases vary considerably across states. In some of

them the increases 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 secondary worker

hours per family have fallen by 0.19 and 0.80 percent, respectively, in

response to the exogenous demand shift. Wage rate changes dominated

hours changes so that for primary workers earnings per family 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 chaLges 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

sizes of the earnings 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,

M/F-Y-C, M /F- O- C,M- O--NH, M-Y-NC, M-O-SC, M-O-H, and F-Y-NC. Primary

workers in the top two groups increased hours worked, whereas the others

all moved 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 are the

rsif 4.
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college graduate, the older less educated male, and the younger 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 groups

so that their earnings fell. (Note what appears to be a spuriously large

increase in secondary hours for the F-Y-NC group resulting 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 pattern 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 percent 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

resultant changes are mirror Images of the case just considered because

constant returns to scale4n demand from increases in output is matched by

constant returns to scale In supply from increases in the number of families.

Since supply is in terms of hours per family a one percent increase in the

number of families by itself 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 in/F. However, for those

groups with positive income elz.sticitins a fall In Yn/F will alto cause H/F
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to decline. Nevertheless, ime the largest positive income elasticity is

significantly less than unity, the exogenous changes do yield excess supply

at the old equilibrium wage rates. In response to this excess supply, both

primary 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'in these three states but fall in others.

From a group perspective, the excess supply associated with the one

percent increase in the number of families is taken up by similarly sized

primary wage rate decreases of slightly less than one percent and hour's

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 workers 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 is

almost identical (only the third and fourth positions are interchqnged)

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 that for primary workers in all but one of the groups the

earnings decrease associated with an increase in population is smaller

than the earnings increase associated with the increase in output.

'7S
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The decrease in secondary wage rates vary across the groups from -0.39

to -0.95 percent while hours per family increase for all but the lmale-

headed family group secondaries who find themselves below the backward-

bending wage rate. Secondary earnings fall for only four of the groups,

but family earnings fall for all of the groups as the primary earnings

changes dominate. In sum, a one percent 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 changes outweigh

the hours increase and family earnings decline, on average, by 0.75 percent.
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VI. CONCLUSIONS

In'this paper we have presented an econometric 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 and completely 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, education, 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

0.1nsus 1-1000 Public Use Savoie, Relative wage equations relating primary

workers across human capital groups and relative primary and secondary

Workettli-within groups_were estimated by an ordinary least squares method.

The supply equations for primary and secondary workers and the deMid -----

equation for equivalent-quality hours were estimated by an instrumental

variables 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



unexplained variance across states within the same group. We found that

primary wage rates relative to the wage rates of a numeriire group 'male.

heads with high school education, age 36 and over) are significantly lower

in the South. However, we also found i,hat secondary wages relative to

primary wages were high 1.z...the South. The estimated demand equation

describes a unitary elastic derand for labor in response to variations in

markewages. The primary and secondary supply equations yield signifi-

cant backward-bending labor supplies. Other family income. and demographic

characteristics were also found to have a significant effect on labor

supply.

Predictions are obtained from the model by solving for each state or

group of states the nonlinear, simultaneous equation system consisting of

a supply equation for primary and secondary workers in every human capital

group, relative wage equations relating the wage rates in these groups,

a demand equation for all labor, and an equilibrium identity equating

supply and demand for hours of equivalent-quality. We have examined the

ability of the model to explain primary and secondary wages, hours,

and earnings by state and, hence, for the nation as a whole averaged over

all groups and by group averaged over all states. The ability of- the

model to explain the state avera;es in 1969 was very good; for the nation

it was excellent.

-1faralsa-explored-the effects of exogenous increases in output and

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

cases in response to the exogenous changes, we observed greater variation

of hours across human capital groups than variation of wage rates. . Although

hours changes displayed more variation, the wage rate change was larger
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and thereby dete-mined the direction of the change in earnings.. .The

differential effects were determined by the curvatu:e of the supply curve

around the backward-bending wage rate and whether the group was moving

along the upward-sloping cr backward-bending portion of the curve. Finally,

we observed that those family types which benefited the most ft .m an

increase in output(namely, the_older female-headed group; both college

graduate groups; the older, less educated male-headed group; and t'e

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

in earnings when population was increased exogenously. In this case

earnings per family registered the smallest decreases for the younger

female-headed group, and the older male-headed groUPs with high schcal

and some college. Correspondingly, these two groups also benefited -east

from output increases. Therefore, those who benefit Ouffer) the most from

output,(population) increases would suffer (benefit) the most from output

(population) decreases and vice-versa.

sZ
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1. Fuchs [14], Gallaway [15], Scully [34], and Segal [35] examine
regionalwage rate differences. Griliches and Mason [19], Hanoch [22],
Hangen, Weisbrod, and Scanlon [23], and'Hanushek [24] examine indivi-
dual earnings differentials 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 fe-.ctions. We would attribute
these differences not to differences in the structure of human capital and the
Supply and demand for labor, but instead to differences in the level of unearned
`income and in the level and composition of families and output.

2. 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 the utility
of the family 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. This assqurd-
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 iLeome tax on labor supply. He assumes that the income compen-
sated component of the (substitution) effect of the wife's wage rate
on th_ 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 substitution effect ignoring the
cross-substitution term.

3. The seminal piece is Becker [2). For a survey of the distribution
of earnings literature from,a human capital viewpoint, see Mincer
[30].
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4. To be sure, past discrimination has inhibited the accumulation of
human capital with the outcome that current stocks are lower than
they would have been otherwise. But there is also evidence which
suggests that'occupational discrimination in conjunction with supply

k and demand for labor plays a large role in keeping wage rates low.
Icr an empirical study see Bergtan [3].

5. Bern4 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 restrictions on the AES'to aggregation conditions.

6. In a production function study using national data over the period
1929-68, Berndt and Christensen [4] find that capital equipment and
structures can be aggregated to foim a :onsistent index of capital,
but that it is not possible to form a consistent aggregate index of
blue and white collar labor, or blue collar labor and capital, or
white collar labor and capital.

Bowles [8] and Psacharopoulos and Hinchliffe [31], however, find
high, though not'infinite, elasticities of substitution between
different types of educated labor 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
ldvel of aggregation of the components, the data sample, and the
production-function employed to do the test.

7. 'Griliches [18] applies relative wage rates to obtain a measure of
labor input in constant quality units when estimating an interregional
production function.

8. Denison [12] also uses.relative wage rates to adjust a'historical
measure of labor hours for changes in Ore.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.

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

` manageable.

10. The purpose 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.

a.



11. See Crandall, MacRae, and Yap [12] for a discussion of the regional

price index problem.

12. Those living in group quarters who are excluded comprise patients

and inmates, people liVing on army bases, and in college dormitorjes.

13. See FuchS [14, p. 4 and Appendix 8] who calculates annual hours in

the same manner.
1

14. 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,Institute

for Social Research, University of Michigan, 1964.

15. Hall [21, pp. 112-113] also uses an analysis of variance model to

explain wage rates with demographic-education variables.

16. For a discusSion of the issue and some empirical evidence see Bowen

and Finegan [7, p. 30 and P. 70] and a comItnt 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].

17. 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 industrial environment in sear ng supply response:

'"Most manufacturing firms, for instance, require the sLale 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 discounted over his planning horizon."

18. Kalach4:, and Raines estimate potential wages from equations fitted

by a multiple regression analysis using a subset their population

in which sex-race-age-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

, rates.

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

f011owed.
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20. See Cain and Watts [9, pp. 330-337] for definitions of the total
income elasticity.

21. Cain and Watts [9] present a comparison of labor supply estimates
obtained by various investigators with emphasis on their implica
tions fore income maintenance policy. The discussion here draws on

that comparison. It involves research by Ashenfelter and Heckman [1],
Boskin [5], Cohen, Rea, and Lerman [10], and Garfinkel [16], Hall [21],
Kalachek and Raines [27], and Hill [25].

22. See Hall [21] .

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

variable.

24. See Kalachek and Raines [27].

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

DEMOGRAPHIC CHARACTERISTICS

by Peter M. Greenston and Dale P. Riordan

Abstract

A sequential one-way analysis of variance procedure (Automatic

Interaction Detector) is applied to the explanation of individual

wage rates as a function of demographic and educational character-

istics with data from the 1970 1-1000 State Public Use Sample for

California. One of the results of this analysis is that race is

not as important a predictor in explaining average hourly wage

rates os are other demographic variables, nor is sex among higher

educated individuals. Age seems to be a stronger predictor of

wage rates among individuals with a B.A. or advanced degree than

is sex. Race may be manifesting its effects, howeVer, through

other variables such as education. When an-explanation is sought

of the variation in wage rates of en entire population, rather

than an analysis of wage tate differentials between two specific

demographic groups, racial or sexual differences may not account

for a substantial amount of the total variation.
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WAGE 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 across markets.

The Purpose of this'paper is to apply human capital theory to an analysis

of wage rate differentials 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 consistently employed

multiple regression techniques, often with no specification of interaction

effects between the independent variables. Fuchs, for instance, analyzes

wage differentials between the South and Non-South in 1959, by race, age,

sex and education. His specification, however, is a simple linear one,

without interaction effects.
1 Blinder utilizes the sae technique in de-

composing wage differentials between males and ::emales, and blacks and

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

etc.
2 The implication is that one would add the coefficients of education

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 large as the

sum of the separate effects.
3 Hence, previous estimates of the wage diff-'
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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 explanatory 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 'Jack females with a B.A. Our technique,. however, woulc impose no such

restriction on the wage rate ratio.

A sizeable body of literature also exists in which human capital theory

is used to explain earnings differentials. Hansen, Weisbrod and Scanlon

regressed yearly earo1ngs on several independent variables: years of schooling

completed, Armed Forces Qualification Test percentile, training, and years

of work experience, among others.
5 Tneir sample con.ists of 17-25 year old

males who were rejected for military service, but no information is given as

to how many annual hours these individuals worked. Griliches &id Mason

propose a similar specification, though they restrict their sample to males

21-34 years old, working full time.
6 Whereas analyzing wage r'te differentials

using human capital 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 market, an earnings function is actually a reduced-form of

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

market have the same demographic characteristics 6ay, white females with a
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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 counterpart.

Using human capital theory to explain this-differential would imply that the

woman with higher earnings has more human capital, when, in fact, they both

have the same amount, the difference in earnings being due to different

utility functions. Therefore, human capital theory alone is not appropriate

in studying earnings differentials. Human capital theory is essentially one

of relative wages, not earnings, and although this distinction would not be

crucial if everyone worked approximately he same number of hours, the di-

versity of hours offered in the market by demographic groups suggests that

the error may be quite significant.

In this paper, Section I describes the human capitai'model, and Section

II describes the algorithm used to detect the interaction of the !amographic

characteristics. Section III describes the data base, and Sections IV and V

report re-.lts and conclusions.

I. HUMAN CAPITAL,THEORY

According to the theory of human capital, wage rates are the product of,

a market rate' of return and an effe(tive stock of human capital:

(1) W = wjKiyi ,

where Wij
is the wage rate of the i

th individual or group of "identical"

individuals in the j
th- labor market, wj is the market rate of return, Ki is

the individual or group average human capital 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
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work in different markets or have different human capital stocks and utili

zation rates. In equilibrium in any given. market, however, relative wage

rates are determined only by relative utilizedhv .n capital stocks. For

example, consider the n
th

individual or group in the j
th

state. The relative

wage rate between the i
th

and n
th individuals or groups is expressed by

(2)
wij WKiYi KY

.

W
nj

0.1Knyn Kny
n

j

In this paper attemptcto find those combinations of demographic-education

characteristir.s by which individuals can be grouped so as to form the most

homogeneous groups in terms of human capital. Since in equilibrium relative

stocks of utilized human capital determine relative wage rates, the search

for homogeneous groups can be carried out by finding those groups which maxi-

mize outl'ability to explain wage rate differentials.

The rate of utilization, y, is conceptually formed as:,

(3) y = (l-t. t ),

where t
i
is a proportion of the amount of work time spent in on-the-job

training or investment, and t, is the leisure component expressed as a

proportion of work titne.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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capita], assuming that "Identical" indrViduals have the same uti]lzation

rates. DiScrimination, by race or sex, can be viewed as affecting the

utilization rates of groups. We make no.attempt to explain the variation

in utilization rates among groups, just as we do not explain the distribution

of human'capital.

As a proxy forphuman capital; 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 available to

non-whites because of a variety of factors, an -1 them discrimination. 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 oppertunities for education and selection of jobs available to

females vis-a-vis males. Eduction is a variable denoting formal training.

II. ANALYSIS OF. VARIANCE MODEL %,

In what follows we describe the algorithm us:A to partition the sample

into homogeneous groups so as to maximize wage rate differentials betwee.1

groups and minimize that within each group. An analysis of variance tech-

nique is employed because of the importance of allowing complete interaction

among the demographic-education characteristics in forming homogeneous g..Lups.

The total variance (TSS) of individual wage rates within a market can

be separated into two parts, an inter-group sums of squares of :he explained

variation given the groups (hereafter called the BSS), and the .-,um of intra-

group sums of squares or the unexplained portion (USS). Consider n
1
+r - rim

wage rate observations, Wij, which have been classified into m groups.

total variance can be expressed as follows:
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m n. m

(4) TSS = El: (w. -
§-)2 c1)2

3. 3.

1=1 i=1 1=1
m

E(W
ij

cl- .)2 E BSS + USS,'

1=1 j=1

where W is the mean of the parent group or the grand mean, i77i is the mean of

each sub-group, and n
i

is the number of observations in each of 04 m groups.

The first term is the total sumsof squared deviations of the m. group means

about the grand mean and the second term is the sum of the variation within

each group.

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

sex: m = 2. Equation 4 is rewritten:

(5)

or

(6)

2 n.

E:E: ,

1.1 j=i
n1 n2

)2(141j /711)2 LE:(Wej /52)2

j=1 j=1
2

n.

.111(/q1- /7)2 n2(C/2- r4)2 :Er Ed(wij
1=1 j=1

n1

E(Wlj /7/1)2 2 2'

p 12

J=1

= - + n2(1:i2

=1

171.)2

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 females are

the same so that the last two terms are zero -- then the total variance would

be accounted for solely by the intergroup mean differences.: If this parti-

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

other demographic variable (like education) might reduce the unexplained

(17
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variance.

The problem is essentially one of selecting groups using demographic-

education characteristics -so that the variance. in wage rates within these

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

so that the 'algorithm will generate meaningful, prominent groups. First, we

require that each group account for at. least one percent of the total vari-

ance. Second, we ensure that the predictor 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 minimum group size to keep sampling error in checkr and limit the

number of groups generated. Within these constraints, we then maximize the

left-hand side of (6), thus minimizing the unexplained variation in wage rates.

The computer algorithm used isthe Automatic Interaction Detection (AID)

program. This algorithm uses a non-symmetrical branching process to form

human capital groups by partitioning the sample (using demographic-education

predictor variables) to best explain the variation in hourly wage rates.

To demonstrate the branching algorithm, suppose we have 500 individuals

in our parent group, and we have two demographic predictor variables: race

(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

'categories areTut into ascending order based' on the mean wage rate of the

observations in each category.
10 Suppose the ordering is oriental, black/

a--

(18
_ .
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brown, white. Then a trial dichotomization of the observations on the race

variable occurs in which "oriental" observations are sepal ated from the others.

The amount of,variation the BSS) that this partition accounts for is

calculated. Another 'trial dichotomization is performed on orientals and

black/brown versus whites. The same sequence of ordering and trialdichoto-

mizationsare performed using the education predictor variable. There will

be two trial dichotomizations on the race variable and three on the education

variable. The parent s'ample will now be split by the dichotomization (parti-

tion) with the largest BSS. SIZose this is on the race variable, where

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

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

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

that the parent group was fairly homogeneous, and need not have been split.

J FIGURE 1

It

:110R=S4.60

112r

N=400

X=$5.00

!

Black/Brown
//3

& Orientals
N=100

$3.00

For example, supppse both groups in Figure 1 meet the above criterion.

The next split is contemplated on the group with the largest amount of variance.

If this is group 112, we calculate the BSS for all the possible dichotomizations

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

the next split according to the largest BSS. If group 113 has the largest

amount of variation, we calculate the BSS between black/browns and orientals
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and also for the dichotomies of the N = 100 observations on the education

variable.

We can allso restrict the type of split made by requiring a predictor

variable to/be monotonic. This means that'categories of this variable must

be partitioned into contiguous sets. We did impose the contiguity restric-
,/

tion on the education variable because we believe that average wage rates

increase 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
A

as some older individuals whose human capital is already depreciating.'

In summary, AID 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 variation of the dependent variable, i.e., the one with the

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

a

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

variation within a group is 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 is also required that the reduction

in unexplained variation from splitting on a predictor be some minimal pro-

portion of the TSS. If there is no predictor satisfying this condition, then

the group will not split any further. The process terminates when there are

no groups capable,of being split.

III. 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 control for market effects; hence, we draw ob-

servations from only one market. We use states to delimit labor market areas,

but we do recognize that a state may contain several labor markets or a labor

market may span several states.

We use data for the State of California 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 representative of the nation. Our dependent

variable is the average hourly wage rate of primary workers,
11

formed by

dividing annual earnings of each individual by the product of hours worked

in the Census reference tTeek , 1970) and the weeks worked last year(Marc

:
°

(1969). Only those individuals "7 o reported earnings and hours are included

in the sample,. Our predictor Variables .re:

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

(b) Age - 5 categories: 16-24 22-35;436-54; 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 GROUPS,

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 5 because its variation was larger. In

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

groups were formed.

a

1_:1
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The schooling variable splits the parent sample into thole with a ba he-
.

/
lora degree or more from those without a college degree. HereaftA r, we shall

refer to subsequent splits of the less educated group (#2) as b
/

ing in the

.
/-

upper segment, and those of the more educated group (#,3) as b ing in the
/

lower segment.

The next split in the upper segment is on sex,'females again dividing on

the schboling and age variables. The males (#4) proceed to sp it on a series

of age - schooling divisions, a finding in concurrence,with pr vious work. One

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

ficant predictor of differences in the average hourly w e rate until rather

far into the upper segment (groups #22 and 23). It is rather interesting to

note, however, that race is a significant predictor orly for middle-aged

males with less than a high scho61 degree.
12 Apparently, the effects of'dis-

crimination, as revealed through a smaller utilized stock of human capital,

are most visible in this demogr

be of prime

is group. Most studies have found race to

ortance in explaining wage rate differentials. Our results

do not imply, h wever, that if we selected two individuals with similar demo-

graphic characte istics except for race that race would not be an important

factor. Rather, they imply that race by itself does not account for a large

enough proportion of total 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 a high proportion of the variance unless their wage rates

were xtreme outliers -- which they apparently are not.

4r,
he lower segment splits only on age and schooling, indicating either

that extreme differences in average hourly wage rates do nor exist for the
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more educated females vis-a-vis males, or that there are relatively few women

in our sample with 16 or more years of formal schdoling, so that wage rate

differences between the sexes do not account for much of the total group

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

demographics constant) wage-rate polarity does not exist, just that the effect

of sex on wage rates may be'Swamped by other characteristics.
13

According-tio.oui human capital model, relative wage rates in equili-

rium are proportional to relative utilized stocks of human capital. In

Table I, we present the human capital groups that resulted from AID, (with

some groups in Figure 2 being reaggregated). They are ranked from highest to

lowest according 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 differences 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 (j) have a 25 percent higher wage rate

than individuals in group (1), while race accounts for those in (g) having

28 percent mote,utilized human capital than those in (1). Overall, our

results accord with those found in previous research, except for the role of

race.

Hall and Boskin have used analysis of variance techniques in constructing

wage equations for their labor supply models. Hall's method is somewhat

more restrictive than ours, however, in that within each race-sex grop, he
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TABLE 1

HUMAN CAPITAL GROUPS BY DEMOGRAPHIC CHARACTERISTICS

Group

Identifier*

Average Hourly
Wage Rate

Utilized Human Capital
Units (Group (a) = 1.0.21

a $ 8.26 1.00

b 7.56 .92

c 7.24 .
.88

d 6.17 .75

e 5.59 .68

f 5.55 .67

g 4.88 .59

h 4.39 .53

3.81 .46

j

k .

/I

i1

3.54

3.11

.43

.38

1 f 2.83 .34

. 2.03 .24

*(a) All individuals/36 years old or more, one or more years of graduate

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

(c) All individuals, 36 years old or more;-ebllege graduate.

(d) Males, 36-64 ears old, some college,

(e) All individu ls, under 35 years old, college graduate or one or more

years of gr duate school.

(f) Males, 36-6 years old, high school graduate.

(g) White male 36-64 years old, 0-11 years of schooling.

(h) Males, 22 -4i5 years old, 0-15 years of school.

(i) Males, no,white and oriental, 0-11 years of schoOl.

0) Females, p6 years old or more, 9-15 years of school.

(k) Males, 16-21 years old, 0-15 years of school.

(1) Females,/ 16-35 years old, 9-15 years of school.

(m) Females, 0-8 years of school.



2.15

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 hourly wage rate which is approximately 25 percent higher

than that of black males in the same age and education category. By impli-

cation, if one compared the same two race - sex-age groups, but this time thoge

with a college degree, the white males would:still have an hourly wage rate

25 percent higher than black males.
14 Our results, on the contrary, suggest-

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

same restrictions.

Other research is even more restrictive than Hall's or Boskin's in not

allowing for interaction of any demographic characteristics. Blinder's

/
analysis suggests that age accounts for five percent of the white-black

male 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
0

than a black male should have a 25 percent higher hourly wage rate, but

Thurow-bad shown that for his education and experience variables, the com-

bined effect is approximately four times as large as the sum of the separate

effects.
15- 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

percent.

a
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V. CONCLUSIONS
1

Several points emerge from our research. First, we have used human

capital theory to explain relative wages, not earrings, since earnings are a

function of a wage and hours supplied to the mar et,.and therefore cannot be

analyzed by human capital theory alone. Second,1 we have utilized an analysis

of variance technique toy explain the variation in average hourly wage rates

rather than multiple regression. Using the former technique allows for ccm-

plete interaction of the independent variables,/
revealing insights into the

i

joint effects of the independent variables onithe dependent variable. Third,

we have found that race is not as important

i

' prediCtor in explaining average

hourly wage rates as our other demographic variables, nor is sex among higher

/

educated individuals. The former may be due to the fact that race manifests

its effects through other variables such a;s education. For instance, if most

black males in a certain age group had 1
/ss education than same-aged white

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

race variable. Similarly, age may be stronger predictor of wage rates

among individuals with a B.A. or advanced degree than is sex. We do not

infenfrom 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 /than analyze wage rate differential of two

1specific demographic groups, racial or, sexual differences in some c es may

not account for a substantial amount of the total variation.
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1. See Fuchi [4].

2. See Blinder [2]. Sc1.1.y [13] implicitly takes some interactions

int.) account in forming a human capital variable.

3. See Thurow [18].
0

4. See Hall [7] and Boskin [3].

5. See Hansen, Weisbrod anal Scanlon [9].

6. See Griliches and Mason [6J. Becker, [1], Hanoch [8] end,Hanushek

[10] also use human capital theory to explain earnings differentials.

7. In a strict dynamic sense, we would have to allow for a feedback

of t
1

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 she former case but not the latter.

- For a complete discussion, see Becker [1]. Of course, a sound argument can

be made that/relatively little training is firm-specific.

9. For a complete discussion of the algorithm, see Sonquist and Morgan

[16]. For an application of AID to the income distribution problem, aee

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 dredictor vaziablL, then the categories of the Pre-

dictor variable are ordered 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-

elude 16'and 17 year olds attending school.

z
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12. Hall [7] obtas a similar result.

rgi-ir to our results, Kreps [11] finds that women generally -

have 1 wage rates than men, the difference being more pronounced for those

r 35 years old.

14. See Hall [7, p. 115].

15. See Thurow [18].

a
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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

and analyzed in this paper. This model integrates the classical

112

theory of supply and demand with the modern theory of job search

and labor turnover. One of the implications of the model 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

is a direct relation between inflation and unemployment in the

model. Therefore, an increase (decrease) in aggregate demand

can increase (decrease) not only inflation but also unempioy-_

ment..,
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EQUILIBRIUM AND DISEQUILIBRIUM IN THE LABOR MARKET*

. by C. Duncan MacRae
The Urban Institute

The traditional classical analysis of wages and employment is in terms

of the demand and supply of labor. -Since both firms' demand and households'

supply is a function of the market wage rate, employment and wages_are then

determined in static equilibrium by the equality of supply and demand. In

this equilibrium analysis either there is no role for unemployment, or it is

explained as the result of disequilibrium in which supply exceedg demand.

The modern explanation of the wage and employment dynamics'underlying

the Phillips relation, however, is based on job search and labor turnover

behavior.
1

The change in wage rates is determined by the balance between

wage offers and reservation wages which are assumed to be functions of job

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

employment is then the result of unemployed people matching with 'vacant 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 fore 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.

The purpose of this paper is to develop a model of the-labor market which

integrates the classical theory of supply and demand with the modern theory of

job-search-and_labor turnover. In the classical tradition, the levels of

employment desired by firms and households are determined by wages, output,

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

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

manner. When employment and demandare not equal, however, firms are assumed
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G

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

desired employment by firms is 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 search

as represented by the level of unemployment. In the modern tradition, wage

and employment dynamics-are-functions-of-the-vacancy_AncLunemployment rates. '4

Therefore, the levels of unemployment and vacancies necessary to maintain

supply-demand equilibrium are determined by search-turnover behavior. Job

stock and labor force then follow, by definition, from job vacancies, employ-

ment, and unemployment.

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 presented. An analysis of the labor market in a state of steady growth

is then performed. Finally, dynamic disequilibrium behavior in the market is

examined by determining 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 wage's, employment, job vacancies, unemployment, hence, job stock and

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

modern concepts of job search and labor turnover.

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

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

of output, Q.

(1.1) D = d {W,Q },

115
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where the form of (1.1) is derived from the theory 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 their level of job

.vacancies, V, according to

-----(1.2)- dinVIdt-=-v-{01-Els-

wheie dlnV/dt is e proportionate rate of change in vacancies. If D exceeds

E so that firms des re to employ more people than they are currently employing,

then they increase their search effort as represented by the number of job

openings (V) in their personnel offices. If cirms would like to employ less

people, then they decrease the number of job slots which are authorized but -'

4

not filled. Note that they dO not adjust employment directly; they only affect

it indirectly by adjusting vacancies.
3

In the first case they increase the

probability of some person finding one of their jobs. In the second case they

a11ow normal labor turnover to decrease their level of employment. Note also

that firms are indifferent to the level of vacancies (V); they are only con-

cerned about the relation between their 'desired level of employment (D) and

the actual level of employment (E).
4 Maintaining vacant jobs is only a means

by..which they attempt to mailitAin 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,

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:
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(1.3) dlnV/dt = v{d{W,Q)/E).

For a given level of output the relation between dlnV/dt, W, and E can be seen

in Figure 1. The locus of all (E,W) points for which dlrV /dt is zero is nothing

but the classical demand curve. These are the combinations of employment and

wage for iihich YE so that vacancies are neither increased nor decreased. All

points below this curve, therefore, are cases in which D>E so that firms in-

crease 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 high E and low W, hence

high D.

By 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 s E 4- V.

Therefore, the job stock is determined both by employment, which firms cannot

control directly, and by vacancies, which firms di) control. If vacancies do

not change, J will reflect employment behavior; however, if employment does not

change, it will reflect vacancy behavior. Thus job stock,behavicr is a by-

product of employment and vacancy dynamics instead of being a determinant'of

these 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:
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Figure 1

Vacanci and Unemployment Dynamics

dlnV/dt < 0

dlnV/dt = 0

dlnV/dt > 0
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(1.5). S = s {W,P},

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

general, the higher are W and P, then the higher is S. If a normal income

effect dominates the substiaiaen effect, h6Qevtr--so-that-laber-supply-is

backward-bending, then an increase in the wage can actually decrease labor

If families find that.their current level of employment (E) does not match

their desired level of employment (S), then they alter their search behavior

as represented by the level of unemployment, U:

(1.6) dlnU/dt a u{S/E),

where dlnU/dt is the proportionate rate of change in U. If S exceeds E, re-

presenting the fact that people would like to work more than they are currently

working, then they enter into search .f or additional work. The higher is the

number of people searching for jobs who do not have jobs, the higher is the

level of unemployment. If they would like to 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-

cies, so also households control only their unemployment biTdeciding whether

or not to search for a job: to increase employment, they increase search

effort; to maintain employment, they maintain the level of search; and they

reduce their employment 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-

1 9
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employment change equation (1.6) to obtain an observable relation between

unemployment dynamics, wages, population, and employment:

(1.7) dlnU /dt = u {s {W,P } /E }.

This relation is described in Figure 1 for a given level of population. In-

deed the classical supply curve is the set-of employment-wage combinations

for which dlnU/dt = 0. Therefore, for-all points to the right of the supply

curve, unemployment is decreasing, and for all points to the left of the curve,

unemployment is increasing. Again as in the case of vacancy dynamics, the

loci of (E,W) points for which dlnU/dt is constant 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

people who do not but are looking for jobs (U):

(1.6) L 4 E + U

It is the result rather than the determinant of employment dynamicsand 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 decreases.

What happens to labor force will all depend on the relative magnitude of the

two 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

I 9.0
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turnover. By definition the proportionate rate of change in employment, dlnE/dt,

is equal to the difference between the accessions rate, A/E, and the turnover

rate, T/E:

(1.9) dlnE/dt A/E - T/E,

whereA"-consists of new hires and other accessions and T encompasses quits,

dismissals and other separations.

Accessions are the result of vacant jobs finding unemployed people and

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:

(1.10) A/E = a{U/E, V/El.

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, VIE).

The tighter is the labor market as measured by the vacancy-unemployment ratio,

V/U, the higher will be the probability of an unemployed 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.

4 21
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0

Since both accessions and turnover are functions-of the unemployment and

vacancy rates, 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-difference between the functions -a- -and -t. -- The-re-

lation between dlnE/dt, U/E, and V/E is illustrated in Figure .. IL 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 canal

out, since quits increase as dismissals decrease, and vice-versa. .Their effect

on accessions, however, will be multiplicative. Therefore, a given dlnE/dt

cangbe maintained with either a high U / «-and low V/E or inte=versa. Thc higher

are both the vacancy rate and the unemployment rate, the higher will be the

algebraic difference between accessions and separations. But there is one

locus of (V/E,U/Wpoints for which they cancel out so that dlnE/dt s 0.. For

all points to the right of.this curve employment is increasing; for all points

tosthe left, tits decreasing.

It should be noted that while the vacancy and unemployment rates have been

expressed with employment as a base,-there 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) V/J = (V/E)/[1 + (V/E)].

Therefore, there is also a direct relation between V/E and V/J.

2_ ")-
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Just as neither firms nor households alone determine employment so also

does neither 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 jobs, in general, the longer it will take that tc find jobs

and the lower will become thqir reservation wage. Similarly, the more vacant

jobs there are looking for people.to fill them, the longer 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:

O

a.15) dlnW /dt = w {V /E, U/E},

where dinW/dt is the proportionate rate of chonge in i.he 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 :Ale WU ratio, then the lower

is the pressure. In general, there will be a locus-of (U/E,V/E) points for

which the prebsures on wages balance out so that dlnW/dt = 0. Above this curve,

Wages are increasing, below it they are decreasing. Note, however, that this

curve does not necessarilycorrespond to equality between the vacancy and un-

employment rates. These rates are only proxies for the dufations of search by

firms and households. How the. durations are translated into movements in wage

offers, reservation 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. Nevertheless, we do know that the lower

is V/U the lower will be the increase, be it positive or negative.

4 -"Z
g V"
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The model is now complete. Given the evolution of autput (Q) and popu-

lation (P) over time and the :initial levels of vacancies (V), unemployment

(U), 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).

II. COMPARATIVE STATICS

In this section- the labor market model is solved in static equilibrium.

The effects of marginal cnanges in output and population on the equilibrium

values of wages, employment, unemployment, vacancies, labor force, and job

stock are then determined.

In equilibrium the actual level of employment (E) is equal to both the

level 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 dlnVidt = 0 in (1.3) and dlnU/dt = 0 in

(1.7) together yield a relation between equilibrium employment, E, and wage

W, given by

(2.1)

and

(2:2)

.4.26.

d {W,Q} - E = 0

s{ *d,P} - E o.

The determination of E and W is illustrated in Figure 1. The locus of

employment-wage combinations
corresponding to no vacancy Uiange is the demand

245
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curve, while the locus corresponding to no unemployment change is the supply

curve. Thus wages and employment are determined in equilibrium solely by

the intersection of demand and supply. Job search and labor turnover play

no role in their determination. Hence,,equilfbrium employment and wages are

not influenced by vacancies and unemployment. Only a change in'output (Q)

or population (P) will alter E and W.

Equality of demand and supply does not mean that there are no vacant jobs

or that there are no unemployed people. Rather because of labor turnover,

there is a level of job search, hence, vacancies and unemployment that is

---
necessary to maintain equilibrium employment and wages. If both V and U are

too low, then E will decrease as separations exceed accessions so that the

actual leVel of employment 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 Co U, then competition by firms will drive wages up so that the

level of employment desired by households exceeds actual employment but the

level desired byfirms is less than E. If unemployment is too high relative

to vacancies, however, then competition by households will drive wages down

so that E is less than S but:D is greater than E. Thus, there is an equili-

brium level of vacancies,-;-and unemployment, U, that is required to maintain

E and Wy-

To see how equilibrium vacancies and unemployment-are determined let us

turn our attention now to employment and wage dynamics. As can readily be

seen 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
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employment and wages are constant, as chey are in static equilibrium, then

vacancy and unemployment rates are given implicitly by

(2.3)

and

(2.4)

e{U/E, V/E} = 0

w{V/E, U/E} =

--The-determination-of V /E- and -U/E Is portrayed in Figure 2. They are

given by the intersection of the locus of (U/E, V/E) points for which dlnE/dt = 0

. with the locus for whi h dlnW/dt = O. For a given labor market tightness as

measured by the vac cy-unemployment ratio, the greater is the tendency for

employers to lay 9 f or for employees to quit, the higher will be the equili-

bri' vacancy a,#a unemploymen/ rates; the more efficient, however, is the

process by which vacant jobs match with unemployed people, then the lower

will be these rates. Again for a given V-U ratio, the more reluctant are firms

to increase their wage offers, the higher will be V/E and the lower will be

U/E; the more reluctant arc households to decrease their reservation wages,

however, then the lower will be the equilibrium vacancy rate and the higher

will be the unemployment rate.

Once V/E and U/E are given the determination of V and U follows immediately

since E is already determined-by supply and demand: 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, 7, and labor force, T. Thus, in static equilibrium-there is

a dichotomy between wages and employment on the one nand and vacancy and 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.

""4
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The equilibrium dichotomy is made particularly apparent when we consider

,the effects of output and population changes on labor market equilibrium.

This can be done by differentiating (2.1) and (2.2) logarithmically and re-

arranging terms to obtain _

.rs

(2.5) dlnE = [aW/(aW,-6W
))dlnQ + (-6W W

/(a -6
W
))dlnP

and

(2.6) dlnW = [6
Q
Ra -6W)] dlnQ - Iap/(aw-6w) ,

W

where dW
(aW

) is the wage elasticity of demand (supply), 6
Q

is the output

elasticity of demand, and ap is the population elasticity of supply. In

general, d <0 and a >0, but a can be negative if supply is backwatd-,ending.

Both d >0 and a >0, and in the case of constant returns to scale in production

and households responding on a per capita basis, d
Q
=a

P
=1. Thus, as in the

classical analysis, the effects of proportionate changes in output (dlogQ)

and population (dlogP) on wages and employment depend only on the wage, output

and population elasticities of demand and supply. The,"natural" vacancy and

unemployment. rates are unaffected by these changes. Tle only effect is to

alter E, hence, V and U in the same proportion.

While output and population changes will not affect the unemployment

rate in equilibrium, they-W121 affect the labor force participation rate..L/P.

Since both E and U change proportionately it follows from (1.8) that equili-

brium labor force, L, will change in like proportion. Thus, output changes

will 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 fellows tautologically from the fact that there is an

equilibrium natural rate of unemployMent; it does not depend on a "discouraged

i9S

4
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worker" hypothesis.
8

If changes in labor demand do not affect the equilibrium

unemployment rate, then labor force participation must necessarily rise and

fall with changeS in labor demand. Of course, if changes in employment areA,
f

brougiyf aboUt by changes in population, the relation between E and L/P will

be mo fied. Nevertheless, unless labor supply is POpulation elastic, employ-

ment and the labor force participation rate will move together.. Finally, it

should be noted that in equilibrium there is no relation-between the unemploy-__

ment rate and the labor force participation rate. A shift in demand or supply

will 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 state values are analyzed.

In general the market is not in equilibrium. Growth in aggregate demand -

increases labor detand 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 households. Both firms and households then increase

vacancies and unemployment so that employment also grows.

A case of disequilibriumwhich 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:

(3.1) dlnD/dt =
w
dlnW/dt + 6QdlnQ /dt.

129.
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Similarly, the rate of growth in labor supply is obtained from (1.5):

(3.2) dlnS /dt = owdluW/dt + apdlnP/dt.

Since dlnl) /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 output and population:

(3.3) dlnE/dt = elnP/dt + (ow/(ow-ow))(dlnO/dt-dlnP/dt)

and

(34) dlnW/dt = (60Q(114/dt-c!pd1nPidi.)/(cw-ow)-

Thus, just as in the classical analysis, the higher is the rate of growth of

population the higher (lower) will be employment (wage) growth and the highe7is

output growth, the higher will be both employment and wage change. In contrast

to the classical model, however, this is a state of steady disequilibrium rather

_than static equilibrium.

Once the rates of growth in employment dud wages aro determined by supply

and demand, the vacancy and unemployment 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)

aria

(3.6)

e(U/E,V/E) = dlnE/dt

w(V /E,U /E) = dlnW/dt,

where dlnE /dt and dlnW/dt are given by (3.3) and (3.4). In contrast to Okun's

Rule,
9 which relates the unemployment rate to the percentage gap between actual

ff and potential output, (3.3)-(3.6) imply that U/E is constant as long as dlnQ/dt

and dlnP/dt are constant. The rate's of growth of actual and potential output

need not lie identical for the unemployment rate not to change.
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As can be seen in Figure 2, the higher is employment growth the higher

must be vacancy and unemployment rates to maintain this growth; the higher is

the rate of change of wages, however, the higher will be the vacancy rate (V/E)

relative to the unemployment rate. Thus, it follows unambiguously froi (3.3)-

(3.6) that an increase in output growth will increase the vacancy rate and that

an increase in population growth will_increase_the--unemployment-tate. It is

not immediately apparent, however, what will be the effect, in particular,

of output on unemployment, since the increase in employment requires a greater

unemployment rate, while the increase in wages is associated.with a lower rate.

To explore further the effects of output and population growth on steady

state unemployment 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 = 1/2131n{(U/E)(V/E)) + c,

where an and c>0 measure the efficiency of search and the

turnover rate. Correspondingly, it is assumed that w{(V/E)/(U/E)} is of the

form

(3.8) dlnW/dt = 1/2aln{(V/E)/(U/E)} + y,

where a>0 and y>0 measure the relative 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:

i
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(3.9) ,ln[ViE) = [((6
Q
/a) + (a /0))dlnQ/dt

- ((ap/a) - (-6w/a))d1nP/dt)/(a/476w)

+ [(-c/0) (Wa))

(3.10) ln{U/E)-= [1-((dQ /a) (a /0))d1ng/dt

+ ((ap/a) + (-6w/Wd1nP/dt]/(6w-6w)

[(-en) + (Y/a)].

From the first term in (3.10) we can see that a change in output growth will

not affect the unemployment rate if and only if 6w/cc...awn. Only if.the

increase in demand brought about by the increase in output (6
Q
) relative to

the willingness of firms to increase wage offers and households to reduce

reservation wages (a) is equal to the increase in supply brought about by the

output-induced wage increase (au) relative to the efficiency of job search ($),

will there be a steady-state natural unemployment rate. Otherwise, an output

increase will affect the steady- state .0 /E. In fact, if a
W
/0>6

Q
ia, an

increase in the rate of growth of output will actually increase theunemploy-
--

pent rate. since more people are drawn into the labor force by the output

increase than are employed by it. What will happen is an empirical matter
ti

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 6
Q
/a 0 a /0, there is an underlying basis for a

relation_ between dlnW /dt 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) dlnW/dt 11/((6 /a) - (0 /0)))[-lA n(U/E)

+ ((1/0)(akap-6w6(1)/(0w-6w))d1nP/dt

(-4-e/11) + (Y/a){aci-Sw}l-

Therefore, if 6Q/a > Ow/0, there is a trade off between wage change and the

unemployment rate in the steady state. As is evident from the second term

in (3.11), however, the higher is population growth (dlnP /dt) the worse will

be the trade off. Moreover, if 6 la = /0, there will be no trade off, only

a natural unemployment rate given by (3.10). In fact if 6 /a < a 1$, then

the labor market will exhibit both higher rates of wage increase and higher

rates of unemployment as the rate of growthof output increases.

Now let us turn briefly to steady-state labor force participation be-

havior. Since employment and unemployment are both growing at the same rate,

labor force is also growing at this rate. Then by definition the proportionate

:ate of change in L/P is given by

(3.12) dln{L/P} /dt dlnE/dt - dlnP/dt.

Therefore, changes in dlnE/dt caused by changes in output growth will be

directly associated with.changes in dln{L/P}/dt. The participation rate (LIP)

can, however, be going down when employment is increasing. As can be seen

from (3.12), whether L/P is increasing or not depends on whether output growth

exceeds population growth or not. Finally, while there is no relation be-

tween labor force participation and the unemployment rate in static equili-

brium, there is one between dln{L/P)/dt and U/E if 4
Q
/a # In In particular,
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if 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-

,

couraged worker hypothesis. Rather, it is the result of output increases

yielding both higher employment growth and a lower unemployment rate.

4

IV. DISEQUILIBRIUM DYNAMICS

In this section, non-steady state labor market behavior is considered.

7n particular, the effects of alternative values of market parameters on the

stability 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, however, requires that the system be stable. Exogenous changes

in output and population are always occurring so that the market is rarely

exactly in a state of equilibrium or steady growth. But if the market is

stable, so that vacancies, unemployment, employment, and wages tend to return

to their equilibrium or steady state values, then the preceding analysis 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 exogenouschanges as well as the speed of response
of the

system, which is, again, an empirical matter.

To determine whether the labor market is'stable requires that assumptions

be made about the particular forms of th.e dynamic relations. Explicit

assumptions have already been made regarding employment and wage dynamics in

(3.7) and (3.8). Implicit assumptions of constant wage, output, and popula-

tion elasticity demand and supply relations have also been made in (3.1) and
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*(3.2). Therefore,'only vacancy and unemployment dynamics remain to be speci-

fled.

To Maintain the loglinear character of the model, vacancy dynamics are

assumed to be given by

(4.1) dlnV/dt = Vln {D /E },

where v > 0 measures the speed of vacancy response by firms to differences be-h

tween their desired employment (D) and actual' employment (E). Therefore,

'substituting the demand relation

(4.2) lnD = do +
w
lnW + dQ1nQ,

into (4.1) we obtain

(4.3) dlnV/dt a v60 + v6/41nW + vd(11nQ vinE.

Similarly, unemployment dynamics aredescribed by

(4.4) dlnU/dt a pin{S/E},

Where p > 0 measures the speed of unemployment response by households to

differences beween S and E. Again substituting the supply relation

(4.5) 1nS = ao + clnW + a 1nP, J

into (4.4) we get
--N\

(4.6) dlnU/dt = pao + palnW\t

Thus the model of the labor market is completely characterized by (3.7), (3.8),

(4.3) and.(4.6). The parameters of the model are 60,,-,6 , dQ, ao, ow, ap, v, p,

r1/
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o

B, c, a, and "Y; the time paths of Q and P are assumee to be given exogencusly

as are the initial values of vacancies, unemployment, employment and wages.

Since the model is linear in the logarithms-of U, V, E, and W, the sta-

oility Of the system can be readily analyzed by determining the con

for which the eigenvalues of the system all have ne eal roots., The

eigenvalues are the roots to the fourth-order quation,

(4.7) IA-AII
All aiX3

odiz o3A4 - 0,

where the system is described by

(4.8) dx/dt = Ax,+ Cz,

with x = 1nV, InE, lnWj, z [1, inQ, 1nP],

(4.9)

I.

A = 1/20 1/20 -B

I/2a -1/2a

-v vow 1

-P Pa

v60 v6
Q

C

[

.. two Pap

e

The Routh-Hurwitz critetia
9 for the stability of (4.8) are WO,

ala2-a3>0, and a3(a02-a3)-afa4>0, *here evaluating (4.7):

(4.11) al = B,



(

3.24

(4.12) al a 1/20(v+P) + 1/2a(11u+v(-60),

(4.13)

and

(4.14) at, a 1/2aRVp(aw+(-6w))

a3 a 1 /24(110VN(-60),

f.

The first three criteria are readily verifiechand the last one reduces to

(4.15) piaw
- v26w

- vp(aW
-6
W
) > 0.

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 this equation are yap and

V=(0 /(-6W))11.
. W .

The stability ranges are thus illustrated in Figures 3 and 4, corresponding

to whether or not the supply elasticity is greater or less than the demand

elasticity in absolute value. The ranges of instability are denoted by the

hatched areas. From these figuies we can see that if the system is not to

generate explosive oscillations, the speeds of vacancy and unemployment response

must -be different. Either-fitms must be slow in their response to demand-

employment differentials, and households fast, or vice-versa. In particular,

if labor supply is wage inelastic (aw=0), then firms must adjust their level

of search (V) more quickly than households adjust their level (U) to compen-

sate for households' Jack of response to wage changes in determining their

desired level of employment (S). The less is the difference- - between the demand

and supply elasticities, however, the closer can v and p be without the system
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Figure 3

Stability Region if aw > -6w
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Figure 4

Stability Region if a
W

< 8
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being unstable. In particular, if a = -6W, then the market is stable as long

as V# 1.

V. CONCLUSIONS

A dynamic disequilibrium model of the labor market has been presented and

analyzed in this paper. This model integrates the classical theory of supply

and-demand with the modern theory of job" search and labor turnover. It differs'

from traditional time-series labor market models in that firms are assumed to

adjust vacancies rather than employment and households are assumed to adjust

unemployment rather than labor force. It differs from cross- section models

in that unemployment is not ignored or explained as the result solely of 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 equal 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 but only being in-

complete. They need not imply that there is no unemployment, but they certainly

.do not'explain it. Vacancy and unemployment rates on the other hand are de-

termined by search-turnover behavior. Thus, there is a natural rate of un-

employment, which is unaffected by changes in labor demand. This in turn

implies that an increase in employment brought about by an increase in demand

must be accompanied by an increase in the labor force participation rate.

Therefore, the fact that labor demand and labor participation move together -
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a fact which is commonly explained in terms 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 vacancy and

unemployment 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 demand

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 efficiency of job search. If the former

effect exceeds the latter, there is a trade off 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. If 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 "a-.cilange

in output growth balance out, will there be a natural rate of unemployment.

Which effect dominates is aa empirical matter, but we have seen that the relation

between wages, output, and unemployment is stable as long as the rates at which

firms and households adjust-Uheir rates of search are significantly different.
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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.

1. See Lipsey (1960, 1974).

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-series labor force models assume the discouraged

worker hypothesis to explain the relation between labor, force participation

and-labor demand. See, for-eicample 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 Work

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 =-

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 supply of labor by the subsidized

.orkers is neither increased or decreased, would be approxi-

mately realized. The subsidy would neither dissipate the

benefits of the subsidy through higher wages nor displace un-

subsidized workers through lower wages. The implied costs 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 Institute

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

family's initial transfer is completely taxed back'when its earnings exceed some

maximum. While an NIT does indeed transfer income to those with low levels

of income, by increasing income and taxing earnings it creates an incentive

to decreaSe hours supplied to the labor market. This decrease in labor

supply of the subsidized group tends to push the market wage up, thus

dissipating some of the benefits of the program to nonparticipants.

Wage rate subsidy plans have 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, causes the market wage to fall, resulting in the displacement of

unsubsidized by subsidized 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 an NIT and a wage rate subsidy, have been proposed.
1

One of these is

the Work Bonus Tax Credit proposed by the Senate Finance Committee. At low

levels of earnings and income, an earnings subsidy is designed to operate

like a wage subsidy, causing an increase in hours supplied. At higher levels

of earnings ane income it is designed to tax back the subsidy and thus

resembles an NIT by causing a decrease in hours supplied. Since these

rhanees 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 net the

supply of labor by the subsidized workers is neither increasedor decreased.

This subsidy would then neither dissipate the benefits of the subsidy nor

displace unsubsidized worker. 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 dissipation

or displacement requires a market analysis that incorporates both supply and

demand. An examination of the labor supply effects by themselves are not

sufficient.

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 families with dependent children, hereafter

referred to as demographically 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 demographically eligible families. An econo-

metric model of the state labor market, which has been designed to simulate the

effects of a variety of human resource programs, is then briefly described. Using

data from the 1970 Census Public Use Sample, we project the market effects and

calculate the costs of the proposed program for 1976. Finally, conclusions re-._

garding likely dissipation of benefits or displacement of unsubsidized workers are

presented.

14.7
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I. WORK BONUS TAX CREDIT

The subsidy proposed by'the Senate Finance Committee is an earnings

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 which the subsidy depends on both earned and unearned income

can be seen by first noting that by definition, gross family income, C, is

the sum of family earnings, E, and unearned income, Yn. When G is less than

or equal to $4000, the subsidy is calculated according to

(1) S = .10E,

where S is the amount of the subsidy. In this first range, the family

receives the 10 percent subsidy and pays no tax. When G is greater than

$4000, and E is less than or equal to $4000, the subsidy the family receives

is caldulated by

/(2) 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 $4600. Finally, in the

third range when E is greater than $4000 and hence G is greater than $4000,

the subsidy the family receives 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 to a 25

percent tax on income above $4030, the net subsidy received equals $400 less

the tax paid.

.Since participation in the program depends on both earnings and gross
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income, tAe level of unearned 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 combinations of E

and Y. In the first range, corresponding to (1), the family must have some

earnings in order to participate. Since gross income must be less than $4000

in the first range, Y
n
must be less than or equal to (4000-E). In the second

range, corresponding to (2), we know that E is less than $4000 and G is greater

than $4000. Moreover, a non-negative subsidy requires that Y
n

must be less

than or equal to (4000 - 0.6E) so that the maximum value for Yn can vary be-

tween $1600 and $4000, depending on the level of earnings. If Yn were-greater

than $4000, the family would never receive v non-negative subsidy since they

would be subject to the 25 percent tax before they received the 10 percent sub-

sidy on their first dollar of earnings, and thus would not participate. In the

third range, corresponding to (3), we know that both E and G are greater than

$4000. The non-negative subsidy requirement Implies that Yn must be less than

or equal to (5600-E) so that the maximum value for Yn can vary between zero

and'$1600; depending on the level of earnings. As long as Yn is less than or

equal to $1600, the family is ineligible for the program when income exceeds

$5600. If Yn is greater than $1600, 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 a 10 percent subsidy on their last

Ldollar earned when they exit the program, an thus never cace the 25 percent

tax and also never achieve the maximum subsidy of $400. Accbrdingly, the exact

program exit level for these families is,(1000 - .10Yn)/.15, which can be

derived from (2) by solving Lot. G when the subsidy equals zero.
3

Therefore,

when we analyze the labor supply effects of the program, we must distinguish
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between families with unearned income less than $1600, and those with un-

earned income greater'than $1600, but less than $4000.

The manner in which the subsidy (S) and hence net family income (Y) vary

with earnings and unearned income is shown in Figure 1. Gress family income

(G) is plotted on the horizontal axis and net family income which is the sum

of G and S is plotted on the vertical axis. The line Y=G indicates the locus

of zero subsidy points. The 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 = 1.10G - .10Y
n

.

As unearned income increases, the schedule shifts down in :-. parallel fashion.

In the second range the family is receiving a 10 percent earnings subsidy while

paying a tax on gross income exceeding $4000, The net effect is to flatten

out the net income schedules:

(5) Y = .85G - .10Yn + 1000

As can be seen, families with Y
n

exceeding $1600 leave the program before gross

income reaches $5600, while those with Yn less than or equal to $1600 and

,

earnings exceeding $4000 enter the third range portrayed by the even flatter

single schedule:

(6) Y = .75G + 1400.

The crossover occurs at that level of G whici equates (5) and (6) for a given

level of Y
n

. When Y
n is exactly equal to $1600, the crossover and program

"exit point are one and the same.

4 1
8 .

( )
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II. LABOR SUPPLY EFFECTS

Our method for sLnulating the Work Bonus Tic Credit is to translate

the program into a shift in the market labor supply of eligible 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 ulY,TP-HP,Ts-Hs),

wbeLe Y is equal to family income, TP (T ) is the number of available hours the

primary (secondary) worker has for work and leisure, and HP (Hs) is the

number of hours worked by the primary (secondary) worker. Families maxi-

- mize (7) subject to a budget constraint,

(8) Y = WPH9 + WsHs + Yn,

where WP (Ws) is the primary (secondary) wage rate. First order conditions

for utility maximization then yield the labor supply functions of primary

and secondary workers:

(9a) HP = hP{WP, Ws, Yn);

(9b) Hs
hs(Wp, Ws, yn).

These are also the appropriate supply functions for those families who do

not participate, either because they hAve no dependent children 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)

so that E G < 4000, their net income is given by

(10) Y = + OUR + Yn + .1(WNP + Ws0),

which can be rewritten as

(11) Y = (1.10)0 + (1.10)H' + Yn.
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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) HP = hP{1.1WP, 1.1Ws,

(12b) Hs = hs(1.10, 1.1Ws, Yn }.

In the second range (2), E $4000 < G, and family income is given by

(13) Y = VIP + Wslis + Yn + .10(WPHP +

- .25(WPHP + WsHs + Yn - 4000),

which can be rewritten as

(14) Y = (.85WP)HP + (.850)0 Yn

.15(4000-Yn) - (-.10(4000-Yn)).

Here we observe that the family is simultaneously receiving the 10 percent

earnings subsidy and incurring the 25 percent tax on income exceeding $4000.

On net, therefore, the family effectively incurs a 15 percent wage rate tax,

while receiving an income transfer equal to the amount of tax saved on earn-

ings by not paying at the current marginal rate up to that point (.15(4000-Yn)),

minus the tax actually paid up to that point (-.10(4000-Y
n
)).

4
The family

thus supplies labor as if it were subject to a 15 percent wage rate tax

while receiving an income transfer of the amount (.25(4000-Yn)).5 In this

range, therefore, the labor supply functions are:

(15a) HP = hP(.85WP, .85WS, Yn + .25(4000-Yn));

(15b)
Rs hs{.85wp, .8514s, Yn + .25(4000-Yn)}.

In the third range (3),E > 4000 so that the family's net income is given

(16) Y = WpHp + WsH
s
+ Yn + 400

- .25(Wne + Wslis + Yn - 4000),

which can be rewLitten as

(17) Y = (.750)HP + (.75W5)11s + Yn

+ .25(4000) - (.15Yn + (-.10(4000-Yn))).

by:
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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 indicated

by (17), the family is incurring a 25 percent wage rate tax and receiving

an income transfer of .25(5600-Y
n), composed of the amount of tax saved by

not paying at the current marginal rate of 25 percent, .25(4000), minus the

amount of tax actually paid, .15(4000 - (4000-Yn)) + (-.10(4000-Yn)). There-

:fore, the labor supply functions are

(18a) HP = hP{.75WP, .75ws, Yn + .25(5600-Yn)};

(18b) HS = h6{.75WP, .75Ws, Yn + .25(5600-Yn)}.

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 separately determined from knowledge of the wage rates

alone. At this point, howeverf we know that family hours must satisfy

WPHP + WsHs = 4000 - Yn,

so that family hours expressed in primary hour equivalents is in fact deter-

minant as a function of the primary wage:

(20) HP + (Ws/WP)Hs = (4000 - Yn)/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 secondary worker hours separately.

Finally, at the program exit Point, the marginal 'subsidy rate jumps

discontinuously from -0.25 to zero percent. Correspondingly, there will be
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a level of earnings where the family will "jump" discontinuously from parti-

cipating in the program at "low" earnings to not participating at "high"

earnings. We can make a reasonable assumption and approximate the jumping

point, but we cannot do better without 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. In Figure 2, the pre-program budget constraineis 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 negative.

Suppose that Yn 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 subsidy. 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

is shifted down as depicted by AD.

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 - Yn). Thcl3e combinations

ere depicted by DD in Figure 3, a constant earnings,curve of (4000 - Yn)

so that labor supply "jogs" back as the wage increases.

In Figure 2, segment DE portrays the range over which the worker

simultaneously receives a 10 percent wage rate subsidy and incurs a 25
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percent tax on income exceeding $4000. As we have shown, this is equiva-

lent to A 15 percent wage rate tax, and an increase in unearned income of

(.25(4000-Y11)), which is given by BC. The corresponding market supply curve

is shown as DE in Figure 3, where the supply curve is shifted up and to the

left of SS'. It shifts up because of a lower wage rate and shifts left

because of an increase in unearned income.

The second jog occurs at E in Figure 2 where the marginal subsidy rate

changes from -0.15 to -0.25 percent. Once again, there are various combin-

ations of wage rates and hours producing earnings of exactly $4000. These

combinations are depicted by the constant earnings curve EE in Figure 3.

On'segment EF in Figure 2, the individual no longer receives 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 wage rate tax was

in effect in conjunction with an income transfer of .25(5600-Yn) which is

depicted by H. The corresponding supply curve segment is EF in Figure 3.

In the neighberh:,00 of F in Firre L, 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 W
1
and W

2
are compatible with two supply curves, one on which

individuals participate and one which th'y do not. We resolve the ambiguity

by introducing a ratio test. We first calculate hours supplied by the indi-

vidual, and thus her earnings, E1, assuming she participates in the program.

We do the same assuming she does not participate, denoting these earnings

by E2. We then compare to see whether



t

4

4

4.14

(21) E
1

/ (5600-Y11) Z (5600-Y") / 1:1.

If 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 receives is closer to W2 than W1, and therefore it is

more probable that she has already decided to jump out of the prograM.

If the left-hand side is not greater, analagous reasoning holds for the

individual to participate. Therefore, we have decided that the jump point,

W*, occurs at one-half the difference between W
1
and W

2
.

-f.
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III. STATE LABOR MARKET MODEL

In this section, we describe the salient features of the econometric

labor Market model with which we simulate the earnings subsidy.
6

The

model describes the c..:pply and demand for labor in a state, and has been

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.

Families in, eaeh state labor w*rket are partitioned into eight

mutually exclusive and c5mpletely exhaustive types based on the demographic

and edu.lation characteristics of the heard. Taking the variance in hourly

wage rates as a meas.re of the variance In utilized human capital, a one

way, sequential analysis of variance algoriLhm was used to partition all

primary workers in California according to their demographic and education

characteristics so that the resulting groups display minimum intra-group

and maximum inter-group wage rate variation.
7

The resulting structure of

eight homogeneous groups was applied to each state to define the human

capital group in which family heads have these characteristics:

(i) Male and female, age 36 and over, college graduates or better
(14/F-0-C)

(ii) Male and female, age 16-35, college graduates or better (4/F-Y-C)

(iii) Male, age 36 and over, schooling less than 12 years (M-O-NH)

(iv) Male, age 36 ar.:1 over, high school graduate (M-0-II)

(v) Male, age 36 and over, schooling-I3-15 years (4-0-SC)

(vi) Male, age 16-35, schooling 0-l5 years (M-Y-NC)

(vii) Female, age 36 and over, schooling 0 -1.5 years (F-O-NC)

(viii) Female, age ]6 -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 each state therd

are eight groups of primary workers and eight

(who have been grouped according to the charac

groups of secondary workers

cristics of their head).

Representative primary and secondary workers are defined as the group

average and used as observation units in each scat e labor market. The

labor supply equations, which were derived from the traditional income - leisure

model, explain the number of hours per family offered

primary and secondary workers in each group. In our n

by the average

tation, i indexes

the group and j indexes the state, so that, for example,

primary worker hours offered by all males (or females) in

HY is the sum of
ij

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 111!j /Fij . The model

primary and eight secondary worker supply equations. However,

has eight

the coeffi-

cicnts in these equations dre not all different. College gradua

workers have the same set of coefficients, as du their secondary

Le primary

ounter-

parts. Secondary workers from male - headed family groups (iii-vi) h

same set, as do those from the female-headed family groups (vii-viii)

estimated equations arc reported in Table P and Table S with standard

errors, where asterisks denote the significance of t tests at the 1 perc

(lc"), 5 percent (**), and 10 percent (*) levels.

In the estimation, potential rather than actual wage rates were used,

e the

. The

ent

1)denoted by Wij and W
ij

and discussed below, while family unearned income.

is denoted by Y
ij
/Fij

Socio-demographic and family composition variables

were used to adjust for any preference differences in tastes for market

work, home work, and leisure In the primary supply equation RACEP, ACEP,

1VA
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SEXP, EDUP, SPOUSE, DPENDP, and URDAN denote, respectively, the proportion

of primary workers in that-group Who are white, prime-age (22-54), male,

high school graduates, domiciling with a spouse, responsible for dependents,

and living in an urban area. -In the secondary supply equations these

variables arc proportions of the total number of secondary workers of a

given group.

Backward-bending supply curves were obtained for both primary and

secondary workers at rates ranging fiom $2.33 to $7.83 per-hour for the

former and from $2.76 to $3.27 per hour for the latter. The income term

coefficients are negative in most of the equations, but significantly

different from zero in only two of them.

The market demand for labor is/met by labor supplies of various

qualities. Consequently, the sum of supplies forthcoming is expressed
k.<

in terns of the hours of the numeraire group (M-O-H). If we let H
d
denote

this market sum of equivalent-quality hours, then
7

(22) I1 = E(10i /034 )H -+ E(0/(e/e)H?
ij i .4

05
i i ij

so-that the market sum of supplies is comprised of hours offered by each

group vgighted by a measure of their relative (to the numeraire group)

P, P s,
quality or productivitydenoted by K./K and K /K.--and then summed.

i 4 i

Primary hours of the i-th group are converted into numeraire hours by

'

K/KP
4

while secondary hooe:''are first converted into primary hours of the
i

same family type by Kig /Ki p and then into numeraire hours. Sint.e labor

quality reflects' the underlying 'stock of utilized human capital, relative

'quality is then measured by relative human capital &Locks.
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According to human capital theory the wage rate of an individual or

group 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

and Are independent of the particular labor market:

.

and

(23) Ki /K = (WP
ij
/0

j
)

4 4

(24) e/K = (Wi").
i j ij

The model assumes that. there is a high correlation between demographic-

aG eftcation characteristics and utilized human capital so that relative human

.

0

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

and

(25) leg(WP../WP
4j

) = .399D
1
+ .069D

2
- .185D

3
+ .123D

5
- .254D

6lj

(.022) (.022) (.022) (.022) (.022)

- .553D7 - .585D8 + .054NS,

(.022) (.022) (.015)

R
2

= .91, S.E.E. = .11, NO.OBS. = 210,

(26) 10g(0./WP ) = - .617D1 - 145D 345D - 458D - 520D
ij ij 1 2 3 4 5

(.035), (.035) (.035) (.035) (.035)

- .176D
6
+ .074D

7
- .037D

8
- .046NS,

(.035) (.035) (.037) (.023)

Feri

R - .63, s.E.E. = .18, NO.OBS. = 237,
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where the D's are variables representing the interactions and are listed

in the same order as the family type codes defined above. The coefficients

can be interpreted 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 primary 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 significant in both the primary

and secondary equations, indicating that primary relative wage rates are

higher in the non -south states but that secondary relative wage rates

are higher in the southern states.

Forprimary workers relative wage rates are reasonably constant

across labor markets--multiplicative standard errors are all two percent.

-human capital stocks (or wage rates) of secondary relative to primary

workers displayed slightly more variability (3 to 4 percent standard errors)

across E-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 turn.

In the labor market model as specified supply and demand for labor

determine the absolute level of the numeraire wage rate in each market,

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:

(27)
k

W ipj
(K/K4 P)WP

4
.

i j

1
(2
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'47

The representative secondary worker can expect to receive a wage rate,

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:

(2$)

A

W
iJ

= (e/e)(e/KPAP
i 4 4j.

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 the market demand for equivalent-quality hours

pgr dollar of output in the state:

and

(29) log(li
d
/NOUT

j
) = 6.675*** - 1.049***logW4 .013.NOUTI,

(..20) (.13) (.13)

R
2

= .75, s.n.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 equation fur 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 predict with the
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model, this nonlinear system of equations is solved using an iterative

solution technique for a market equilibrium, in which, demand and supply

are equal.
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IV. MARKET EFFECTS AND PROGRAM COSTS

To simulate the effects and costs of the Work Bonus Tax Credit we

assume that there are no labor supply response differences between families

that are demographically eligible' for the program and those that are

not, so that in the absence of the program, primary :-id 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

demographically eligible families 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 rate is subsidized or

taxed and as if they are receiving an income transfer.

The labor market model just described implicitly incorporates the

existing federal/state/local tax and subsidy system. We also assume that

the existing structure will not be altered by the tax credit so that the

latter can be added onto the former. This is a reasonable assumption for

low income people who pay little or no tax and who comprise the bulk of

participants.

In the non-linear simultaneous equations model there are 32 supply

equations:- 8 family types and 2 classes of workers (primary and secondary)

from demographically eligible and demographically ineligible families.

Using an iterative technique to solve the model, equilibrium is achieved

when the market demand for equivalent quality hours is just matched by

the sum of supplies forthcoming from primary and secondary workers of

demographically eligible and demographically ineligible families. The
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solution jointly determines the absolute level of wages or numeraire group

wate rate, and by construction using relative human capital stocks, the other

wage rates.

The parameters of the Work Bonus Tax Credit program are expressed in

.1973 values. Accordingly, prior to simulation they are converted into 1969

values (using the appropriate GNP deflators) to correspond in real terms to

the scale of the econometric model parameters. The effects of the program

have been simulated for 1976 by updating and projecting the model's exogenous

variables and then solving the model with and without the program. Predicted

wage rates and earnings (but not hours) from the simulations are then inflated

and reported in 1976 values.
8

In projecting/tile exogenous variables, nonfarm output is assumed to

grow in all states at the national rate of 24.7 percent from 1969-1976.
9

Corr!ding to this real outpUt growth, unearned income is assumed to grow

at the same rate. The number of families in each state Lis projected to grow

at the annual national rate of 1.48 percent (observed over the period 1960-

1973). The demographic composition variables are assumed to remain at their

1969 values .

The effect of labor embodied technical progress is both to increase the

number of equivalent-quality hours and to reduce the average cost of labor to

firms. Labor productivity grew ar an annual rate of 3.1 percent from 1969-

1973 and is assumed to grow into 1976 at the same 3.0 percent rate that pre-
,

vailed in the last two decades so that output per man hour is assumed in

1976 to he 22.7 percent above its 1969 level.
10 Hence, in the simulations

11 0
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for 1976 firms obtain 1.227 (H
d
) equivalent-quality hours at a market wage

of W
4j 4

so that the average cost of labor to firms is only WP
j
/1.227. Since

demand is slightly elastic the reduction in average cost will just absorb

the increase in effective supply. Therefore the effect of increased labor

productivity alone is to increase real wagei slightly.

The predicted values of the model are reported by states and groups.

For each state we report an average value of primary (WP) and secondary (Ws)

wage rates,.hours per family (HP/F, Hs/F), earnings per family (EP/F, Es/F),

and family unearned (Yn/F)/and total income (G/F) over the groups. Wage

"rates are weighted by hours, while hours and earnings per family are

weighted by families./Similarly, for each group corresponding averages

are calculated over /the states.

In Tables 1 and 2, the pre-program predicted state average vales

for demographically eligible and ineligible families are reported. In

the nation, an average of 41 Percent of the families are demographically

eligible. These families are composed of a greater proportion of older

workers who have slightly higher wage rates, supply more hours, and hence

have higher earnings, whereas demographically ineligible families. consist

primarily of younger workers. Nationally, primary workers from demogra-

$8,564,phically eligible families earn $10,188 per year in contrast
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4.29

P

per year for workers from demographically ineligible families.

A comparison of pre4rogram predicted group averages for demographically

eligible and ineligible families is made by referring to Tables 3 and 4.

Here we observe that the wage rates, hours, and earnings of demographically'

eligible and ineligible families within a group are indeed very Amilar,

with the national average wage rate being slightly higher for the demo-

graphically eligible families who again are represented more heavily by

families with higher earnings.

The post-program predicted values of the number of participants,

the average subsidy per participant, total family income with the subsidy

(Y/F), and the total cost are reported along with equilibrium wage rates

and hours in Table, 5 and Table for demographically eligible families

by states and group's. The market effects of the program on the demograph-

ically ineligible are reported in Table 6 and Table 8. Of those families

that are demographically eligible, 8 percent are also financially eligible

and,therefore are participants in the program. State participation rates

vary widely, however, from a low of 3.7 percent of the demographically

eligible families in the New England states, to a high i- Florida of 14.6

event participation.

The family compOsition of participation, however, does not vary.

Only families headed by females who are not college graduates are pro-

jected to participate in the program. The participation rate for group

F-0-NC is 45 percen, and for group F-Y-NC it is over 99 percent. No

other group is projected to participate in any state. Of those families

participating, we found thlt for the nation as a vnole 48 percent lave

income below $4000 and accordingly had an incentive to increase hours

r-1
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4.36

supplies, while 40 percent have income above $4000 and on average decreased

0

hours supplied. Twelve percent of the families are located at one'of the

two jogs or program pivot points. Finally, while we do believe that parti-

cipation in the prograth would be dominated by female- headed families, we also

believe that we have overestimated female-headed participation and under-

estimated male-headed participation. The reason for this is that we employ
SI

group averages, which do not take into account the variation within the

group. Only a procedure which incorporates this variation, such as a micro-

simulation model., could prodFe a finer distribution of participants. Never-

--

theless, we have no a priori reason to believe that our estimates of total

participation are. biased by the use of groUp averages.

The effects of the program expressed as percentage differences (post-

program less pre-program values as a percent of the latter) are reported

for demographically eligible (Table 9 and Table 11) and demographically

ineligible (Table 10 and Table 12) families. Looking at the'state averages

in Table 9, hours per family fall in half the states by small amounts for

demographically eligible families (i.e., in these states' the program

segments which incorporate an incentive to decrease hotIrs supplied out-

weight the program segment where there is an incentive to increase hours

supplied). Nationally, primary and secondary 1Jurs have fallen by only

0.1 percent and 1..0 percent, and wage rates have increased slightly for

secondary workers (0.14 percent) and, decreased slightly for primary

workers (0.05 percent). Although the net effects of the program by-states

are small, Table 11 shows that for demographically eligible families there

are some rather sizeable changes in hours for'the participating groups.
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Among older female- headed families, (F.-Q-NC) primary workers increase hours

on average about 6 percent while secondary workers decruascohours approxi-

mately 22 percent. Moreover, younger female primary workers (F-Y-NC) de-

N,\ crease hours substantially (9 percent). Total family income for the entire

\NF70-NC group has increased from $5929 to $6014 on average, composed ofa

fall `in earnings per
eligible of almost two percent and a subsidy per

participantNof $189. For the F-Y-NC group, however, total family income

has decreased
$4376 to $4224, the decrease in earnings per eligible

of 11 Percent
outweighing the subsidy per participant of $300. For this

group income seems to be n inferior good.

Turning to Table 10 and able 12, for demographically ineligible

families both the average primary arid secondary wage rates decrease very

slightly ,so that we project little dipation of benefits upon implemen-
.

tation of this program. Moreover, primary and secondary hours of demo-
. \ ,

graphically ineligible
families even increase

Slightly so there is no

substitution, let alone lar& scale substitution, of subsidized labor for

unsubsidized labor. Thus, the potential of the Work Bonus Tax Credit to

be market neutral is approximately :realized.
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V. CONCLUSIONS

In this paper, we have analyzed the market effects and program costs

of the Work Bonus Tax Credit. We first described the program as outlined

by the Senate Finance Committee and then interpreted the proposal, Oowing

that there are three distinct income ranges in which a family could parti;-

cipate. In the first range, family income and hence earnings are less than

$4,000 and the family receives a ten percent subsidy on earnings. if family

income exceeds $4,000 while earnings remain below that amount, the family

is in the second range. It continues to receive the earnings subsidy but

also pays a 25 percent tax on income which exceeds $4,000. In the third

range earnings also exceed $4,000 and the family no lotyger receives the

earnings subsidy. It pays the t ;x on income exceeding $4,000 until the

initial transfer has been completely taxed away. The program exit level

depends on the family's level of unearned income, occurring at $5,600 for

families, without unearned income and decreasing as unearned income increases.

We next used the theory of family labor supply to analyze the labcr

supply effects of each of three program ranges, emphasizing that the pro-

gram combines a wage tax with an income transfer. We determined the income

transfer using a concept of tax saved minus tax Paid previously developed

for the analysis of the payroll tax and the income tax. We then illustrated

this theory with the case of a single-worker family deriving the appropriate

program budget constraints, and emphasizing in the analysis of labor supply

the importance of "jogs", where marginal rates inclase, and "jumps", where

marginal tax rates increase discontinuously. A brief overview cf the state

labor market model with which we simulated the Work Bonus Tax Credit was

then given.
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a

Projecting the proposed program into 1976, we forecast that ,while

42 percent of the families will be demographically eligible, only 8 percent

of these eligible families will, in fact, participate. State participation

rates will vary widely, however, ranging from 3.7 percent of the eligible

families in the.New-England states to 14.6 percent of the eligible families

in Florida. Participation in the program, however, will be dominated by

families headed by females who are not college graduates. We also project

that while the Work Bonus Tax Credit will cause sizeable changes in hours

. ,

supplied to the market by individual families, the labor supply effects

of the different segments will offset each other in each state so that the

program,is almost market neutral. In other words, the dissipation of

benefits through wage increases to the demographically :ineligible will

be minimal as will be. the substitution of subsidized for unsubsidized

labor. Thus, we project that the program could be introduced without

causing large readjustments-of the non- target population. Using a labor

market model which allows for labor supply effects, we estimate that the

program will cos, $658 million in 1976, while the Senate Finance Committee,

using a static analysis not allowing for changes in labor supply, estimates

the program will cost $700 million in 1974.
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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 authors and do not necessarily

represent the views of the.Department of Labor, the Urban Institute,

or its sponsors.
We wish to thank Linda Royster for programming assistance.

1. Haveman [3] and Haveman and Lampman [4] have proposed several

different earnings subsidies.

2. For a capsule summary of the Work Bonus Tax Credit, see [7, pp. 6-7].

3, The Senate Finance Committee [7] states that the exit level occurs

when family income equals $5600. However, this is only true

when unearned income does not exceed $1600.

4. For a discussion of the tax paid, tax saved concept in terms of

the personal income tax, see MacRae and Yezer [6, pp. 6-7].

5. For an analysis of the effect of the Social Security tax on labor

supply which distinguishes between effective decreases in the wage

rate and decAases in unearned income, see MacRae and'MacRae [5].

6. A complete discussion of the specification, estimation, and evalu-

atibn of the model is given by Greenston and MacRae [2]. This

model has evolved from the low-skill labor market model.developedi

by Crandall, MacRae and Yap [1]. In contrast to the earlier

model, which partitions the labor market by occupation and focuses

only on the low-skill sector, this model describes the supply and

demand fox all workes and 'partitions them by demographic group.

7. See 'creenston and Riordan [31 for a description of the algorithm

and is application in forming human capital groups.

8. Forecasts of the GNP Implicit Price Deflator are contained in [10].

The 1976 to 1969 ratio of Deflatorsis applied to the simulation

output,.

9. The 1970 estimate of$905 billion (in 1958.dollars) is a Chase

EconometriC Model forecast of early 1974.

10 Prbductivity trends are discussed in [9, pp. 11-12].
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Tops AND INCOME (JOIN): -A LABOR MARKET ANALYSIS

by Robert I. Lerman, C.- Duncan MacRae and
Anthony M.J. Yezer -

Abstract

The major labor market effects of a work- subsidy program de-

veloped by the staff of the Subcommittee on Fiscal Policy of

the Joint Economic Committee are analyzed in this piper. The

Jobs and IncOme proposal (JOIN) has been designed.to incorporate

4'

some features which increase labor supply to the private secLor

and others which should have tha opposite effect. The income

guarantee and earnings tax tend to decrease labor supply, while

wage subsidies, including that implicit in its public employ-

ment component, work in the opposite direction. The simulation

C

a

of a high benefit version with an econometric model of state

labor markets (pp. 1.1-1.75) in 1976 indicates that hours supplied

by participating families tend to increase as a result of the

,,---implementation of JOIN. However., wages do not f211 significantly

and non-participating f-milies appear to be little affected

by the introduction of JOIN. Therefore,- we conclude that the

increase in labor supply would be absorbed by the public sector

leaving the private sector relatively unaffected.
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JOBS AND INCOME (JOIN): A LABOR MARKET ANALYSIS

by R.I. Lerman, C.D. MacRae and A.M.J. Yezer*

I. INTRODUCTION

A major controversy in the welfare reform debate is whether to adopt

an employment subsidy program or a purely income-conditioned program. An

important limitation of such income-conditioned programs as the negative

income tax (NIT) is their effect on the financial reward for working. In

order to assure poor families a moderate income at reasonable costs to the

taxpayer under an NIT, the implicit tax rate on earned income of recipients

would have to reach near 50 percent or higher. The substantial reduction

in the financial return to work and the provision of an income guarantee

could trigger a reduction in work hours. And, if not, the NIT might still

be considered unfair because it narrows greatly the income differences

among persons working at the same wage but for considerably different

numbers of hours.

*Robert I. Lerman is a former staff member of the Subcommittee on

Fiscal Policy. C. Duncan MacRae is a member of the staff of the Urban

Institute, Washington, D.C. Anthony M.J. Yezer is on the .faculty of

George Washington University, Washington, D. C. Part of'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 authors and do not necessarily

rebresent the views of the Department of Labor, The Urban Institute or

its sponsors.

We wish to thank Linda Royster for computer programming assistance.
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Many work subsidy programs have been proposed as alternatives to

the NIT, but these programs also may have some undesirable economic

effects. Wage subsidies themselves could lower work hours, as much or

more than an NIT.1 To some extent they may reduce the wages employers

pay, thereby offsetting government attempts to raise the incomes of low

wage workers. And wage subsidies nay-channel too large a share of

government dollars toward secondary workers in middle and upper income

families. Guaranteed employment plans may draw laborers from the private

sector and may cause employers to reduce their employment of low-wage

workers, again raising the government costs per dollar of improvement in

the incomes of poor and near-poor families.

Theoretically, work subsidy plans could induce .a wide range of

effects on labor supply, wage rates, and poverty.
2 The actual outcome

depends on the precise nature of the subsidy program and on the reactions

of workers and employers. Although the few empirical studies of work

'Irwin Garfinkel, "A Skeptical Note on 'The Optimality' of Wage Sub-

sidy Programs," American Economic Review, June 1973, pp. 447-453; and

Jonathan Kesselman, "Incentive Effects of Transfer Systems Once Again,

Journal of Human Resources, Winter 1973, pp. 119-129.

2
See, for example, Peter Mieszkowski, "The Indirect Market Effects of

Wage-Subsidies and Public Employment Programs," Studies in Public Welfare,

Paper No. 19, Public Employment and Wage Subsidies, Joint Economic Committee,

(Washington, D.C.: U.S. Government Printing Office, 1975); and Jonathan

Kesselman, "A Comprehensive Approach to Income Maintenance: SWIFT," Journal

of Public Economics, February 1973, pp. 59-88.

194
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subsidy plans provide some useful results, their value is limited by

the failure to take account of the demand side of the labor market.3

The purpose of this paper is to simulate the wage,'employment and,

hence, earnings effects of a proposed work subsidy program. The Jobs

and Income proposal (JOIN) is a comprehensive one that would replace

several existing welfare programs. The JOIN design attempts to over-

come some important criticisms of work subsidy programs. To focus program

benefits on the poorest families, JOIN utilizes a surtax on total family

income. This surtax varies somewhat with the presumed needs of

different kinds of families. To avoid substantial reductions in the

wages employers pay or in the number of low-wage workers they hire, JOIN

has both wage subsidy and guaranteed jobs components.

Using either program alone, however, could result in low cost-

effectiveness, depending on how demand for low-wage workers changes with

wage rate changes. The substantial uncertainty about employer reactions

makes the combination wage-subsidy, guaranteed-job approach advisable.

A third component of JOIN is an income guarantee available only to one-

parent families with at least one child under age 14. Although this

3Samuel Rea, Jr., "Trade-Offs Between Alternative Income Maintenance

Programs," in Studies in Public Welfare, Paper No. 13, A Volume of Studies

Prepared for the use of the Subcommittee on Fiscal Policy, Joint Economic

Committee, U.S. Congress, U.S. Government Printing Office, Washington

1974. See, however, Michael Barth, "Universal-Wage-Rate Subsidy: Benefits

and Effects," in U.S. Congress, Joint Economic Committee, The Economics of

Federal Subsidy Programs: Special Study Papers, 1974.

195
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feature is not efficient because of its categorical nature, the only

alternative may be that the Federal government provide child care to

all such families to free the parents for full-time work.

Estimating the impact of JOIN on the wages employers pay, on the

levels of employment in conventional jobs and in special public jobs, and

on the incomes of low-income families is an extraordinarily difficult

task. Perhaps the largest problem is the uncertainty about how workers

and employers would react to the JOIN program. Even the direction of

JOIN effects on the labor supplied by workers and the number of workers

demanded by employers is ambiguous. A higher wage through the wage

subsidy or special public job may cause workers to increase or decrease

their time at work. The surtax on other family earnings might cause

the second earner to reduce his work time but the surtax on family unearned

income could raise the work time of all family members. Demand for

workers by conventional employers could rise if the JOIN wage subsidy

allows employers to pay lower wages. But employment demand could also

fall since the public employment component of JOIN might increase the

wages employers must pay.

These worker and employer responses could exert a considerable

impact on the government costs and the income gains that result from

the JOIN program. In order to take such responses into account, the

paper utilizes an econometric model of the market for labor. The

model includes equations representing how workers react to wage and

income changes and how employers react to wage changes. The model also uses

the notion that adjustments in the market yield a wage rate at which

the amount of labor workers are willing to provide is equal to the amount

9
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of labor firms are willing to employ. The model offers a systematic

approach to estimating the impact of JOIN on changes in labor supply

and demand, which in turn determine changes in wage rates, conventional

employment, and special public employment.

A combined program of wage subsidies, public employment and income

guarantees has the potential for transferring a work subsidy to parti-

cipants without dissipating the benefits of the subsidy to non-

participants through higher market wage rates or displacing them with

lower wage rates. The reason for this potential is that the wage subsidy

would tend to increase manhours supplied to the private sector while

the income guarantee and public employment would tend to work in the

opposite direction. If this potential is realized then the program

would be labor market neutral. By this we mean that it would transfer

benefits to participants through the fiscal process without also

transferring benefits or costs to non-participants through the labor

market. If the program is truly market neutral, then the costs are

borne solely through the fiscal mechanism.

The primary objective of this paper is to determine the labor market

effects of JOIN, in particular the degree to which the program would be

market neutral. A detailed description and analysis of JOIN appears else-

where.
4

In this paper we simulate a JOIN program with the same structure

but with a higher level of family benefits. We simulate an alternative

4
Robert I. Lerman, "JOIN: A Jobs and Income Program for American

Families," Studies in Public Welfare Paper No. 19, Public Employment and

Wage Subsidies, Joint Economic Committee, (Washington, D.C.: U.S. Govern-
.

ment Printing. Office, 1975).
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set of program parameters both because there is room for reasonable debate

regarding the appropriate parameters and because we believe that within

limits the scale of benefits is less important than the structure of the

program in determining market neutrality. Moreover, since we are concerned

With the market effects of n combined wage subsidy, public employment, and

income guarantee program, we believe that these effects will stand out

more clearly with higher benefit levels. Lower benefits would in general

only diminish labor market effects.

The next section describes the JOIN program.. Following this

description is a translation of the program's benefit structure into

effects on wages and non-employment income. How JOIN influences the

wage rates and non - employment income of each family type largely determines

JOIN'S impact on labor 'supply. The fourth section explains the State

labor market model used to simulate JOIN. The' simulations provide pre-

dictions of how JOIN would affect wages, employment, incomes, and

program payments to participants if introduced in 1976. The next section

reports and interprets these simulation results and points out their

limitations. The final section presents a summary and conclusions.

II. A DESCRIPTION OF JOIN

The Jobs and Income (JOIN) Program is a comprehensive one embodying

wage subsidies, guaranteed public jobs, and income guarantees. JOIN is

universal in the sense that all families and individuals are potentially

eligible for benefits, and categorical in the sense that benefit

generosity depends partly on family type. This section outlines the

basic financial structure of the program.
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All families or individuals fall into one and only one filing unit

group. The five filing unit categories are: 1) two -parent families

with at least one child under age 18; 2) one-parent families with at

least one child under age 18 and no children under age 14; 3) one-parent.

families with at least one child under age 14; 4) childless married

couples; and 5) single individuals over age 18. Filing units 1, 2, and

3 exclude all family members-other than a parent, spouse, or child

under age 18. Children age 18 and over are not in the same unit with

their parents, whether or not they live together.

Each filing unit is eligible for one wage subsidy or one public job.

Filing units in category 3 are also eligible for an income guarantee.

Finally all filing units are subject to a surtax based on total family

earnings and total family non-employment income.5 All filing units could

designate one and only one person 18 or over to receive the wage subsidy

or public job. In the version of JOIN with higher family benefits

considered in this paper, if the person worked in a private job or in a

conventional public job paying between $2.10 and $4.00 per hour, he would

5The JOIN plan outlined in the paper by Lerman (see footnote 4) includes

a provision for transforming the current $750 personal income tax

exemption into refundable tax credits. The value of the tax credits

could equal about $200 per person with no less in federal tax revenues.

Because the complexities of integrating the income tax changes into the

.
model would have required substantial time and money, the simulations

included in this paper do not take account of this provision.
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be eligible for a wage subsidy equalling one-half the difference between

$4.00 and the person's wage. For example, a worker earning $2.50 per

hour would receive a $.75 per hour subsidy, thereby raising his total

wage to $3.25 per hour. As the worker's net wage varied from $2.10 to

$4.00, his wage subsidy would decline but his gross wage would rise. If

the applicant's job paid less than $2.10 per hour, he would be ineligible

for the wage subsidy, but he could work at a special public job paying

$3.00 per hour.

Group 3 filing units would be eligible for an income guarantee in

addition to the wage subsidy or job guarantee. The income guarantee

would depend on family size as follows:

Family Size Income Guarantee

2 $ 2800

3 3100

4 3400

5 3700

6 or more 3900

All filing units receiving JOIN benefits would be subject to a surtax.

The following surtax formula would apply:

(1) T = .25(E
1

E
2
+ S - Di) + .5Yn,

T = .35(E
1
+ E

2
+ S) + .5Yn

where 0 < T < E2 + S + G

for i=1,2,3,4,

for i = 5

and T = the surtax payment;

E
1
= total ann'ial family earnings other than earnings from the, special

public job;

E
2
= annual dollar earnings from the special public job;

S = the wage subsidy payment, in dollars per year;
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Y
n

= annual family non -employment income other than JOIN benefits;

G = the annual income guarantee available to group 3, and;

D
i

the annual earnings disregard that applies tofiling unit group i.

The disregard parameters for 1976 are:

D
1
= D

2
= D

4
= $6600, and D

3
= D

5
= O.

The surtax formulas are identical for groups except primarily for

differences in the amount of earnings disregarded. For example, two-parent

families with children under 18 would pay no surtax on family earnings

below $6600 while single parent families with children under 14 would be

subject to a 25 percent surtax on all family earnings. The effect of the

zero disregard on single individuals (group 5) is to render their wage

subsidy alternative unprofitable. Single individuals would not choose to

apply for a wage subsidy, because at wage rates between $2.10 and $4.00,

their surtax would always equal or exceed their wage subsidy. Group 3

filing units would find the wage subsidy profitable in spite of the zero

earnings disregard. For example, at a private wage of $2.50, a working

mother heading a family and receiving an income guarantee would face a

$1.88 effective wage without the wage subsidy and a$2.44 effective wage

with the subsidy (.75 x 3.25).

One may derive two expressions for the net income of JOIN recipients,

after benefits and surtaxes. These formUlas are:

(2) Y1= El + E2 + S + .5Y
n + G for i = 1,2,3,4

where Ei + E2 + S < Di,

= .75(E1 + E2 + S) + .25Di + .5Yn + G for i = 1,2,3,4

where Ei + E2 + S



and

(3) Yi .65(E1 + E2 + S) + .5Yn for i Q 5,

with Y
1

total annual family income of JOIN recipients after benefits and

surtax payments. Equation (2) applies to those filing units whose earnings

are below the earnings disregard levels and therefore not subject to any sur-

tax. Such units would still have to pay a surtax equal to one-half of non-

employment income. Equation (3) applies to units receiving JOIN benefits

whose earnings are above the unit's disregard level. Since the disregard

level for groups 3 and 5 is zero, each dollar of earnings is subject to the

surtax and therefore equation (3) always applies. Equations ,(2) and (3)

cover only those units whose net income after JOIN benefits and surtaxes

exceeds their net income from earned and non-employment income.

This description is sufficient for analyzing how JOIN influences the

individual's total supply of labor, but not the distribution of labor be-

tween the public and private sectors. The distribution depends partly on

the nature of the public jobs. Although many of the jobs would fill public

needs not met currently, some of their work would undoubtedly be similar

to work that conventional public employees might perform.
6

In other words,

governments may use JOIN funds to substitute special public workers for con-

6The substitution of special public workers for conventional public

workers may occur in a variety of ways. One is simply to replace low-skill

conventional public workers will low -skill special public workers. A

second is to alter the mix of labor toward low-skill and away from medium

and high skill workers to perform a given task. A third is to replace pro-

jects of conventional public agencies with projects performed by outside

project sponsors using special public workers that accomplish the same goal.
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ventional workers on the public payroll. Thus, the next expansion in public

jobs would be less than the number of jobs funded by JOIN. In this situation,

however, we assume for the sake of simplicity that there is no substitution

of special public employees for conventional ones, so that all public jobs

funded by JOIN add to the total demand for labor.

III. THE IMPACT OF JOIN ON LABOR SUPPLY

The first step in simulating the effects of the JOIN program is to analyze

how recipients would change the amount they work. A family member or individual

might have a larger or smalilr probability of working and might work longer

or shorter hours as a result of the JOIN program. The wage subsidy and special

public jobs would improve the wage opportunities for many JOIN recipients.

But the higher wage both increases the return to added hours of work, inducing

an increase in labor supply, and allows workers to afford added leisure, in-

ducing a decrease in labor supply. The JOIN surtax provisions might also raise

or lower work effort. The surtax on non-employment income reduces the family's

ability to afford leisure while the surtax on earnings causes a decline in

the effective wage rate for some workers in JOIN filing units.

These considerations alone suggest that the analysisof labor supply changes

is a complex and difficult one. This section describes in as simple a fashion

as possible the techniques used in this paper to estimate such labor supply

changes. Unfortunately, the presentation is of necessity somewhat technical.

Thus, those readers who are not interested in the analytical approach may want

to skim this section and move to the following sections.

The labor supply analysis draws on economic theory and on estimates of

how workers currently respond to wage and income changes. Economic theory

suggests that the amount individuals choose to work depends primarily on their

'wage rate, on their non-employment income, and on their preferences for leisure



and income. Faced with a wage rate and a level of non-employment income that

is beyond the worker's control in the short run, it is assumed that the worker

chooses that amount of work time which maximizes his satisfaction level. JOIN

has a, potentially important effect on this choice since it influences the

worker's wage and non-employment income opportunities. Estimating JOIN's im-

padt first requires specifying exactly how the program would alter each person's

wage and income opportunities. Then, using statistically derived relationships

betWeen the amounts different people work and their wage rates, non-employment

income, an some other factors, one can estimate ho'- wage and non-employment

income-changes induced by JOIN would influence the amount recipients work.

This way in which JOIN alters a particular filing unit's wage and income

opportunities depends on the wage rates of the filing unit members, the category

of the filing unit, and the filing unit's non-employment income. For exposition

purposes it is worthwhile to begin with the case of a multi-person filing untt

with a single worker.

The object is to consider how JOIN alters the worker's wage rate and non-

employment income at every level of hours worked. As noted above, JOIN offers

benefits in the form of a wage subsidy, a public job at a fixed wage rate, and/

or an income guarantee to category 3 filing units. But JOIN applies a surtax

on earnings and non-employment income that may be charged against benefit pay-

ments. Except for category 3 units, workers are eligible for JOIN benefits

only if their wage rate is below the target wage under the wage subsidy.

Consider first those units whose wage rates are in the wage subsidy rage.

Figure 1 illustrates such a worker's alternatiives for income and hours worked

with and without the JOIN program. Corresponding to the lines in Figure 1

indicating the worker's options are equations that relate total income to the

level of hours worked. Without the JOIN program, the worker's income is based
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Income
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Figure 1

Budget Constraint Of A Single Worker With And

Without The JOIN Wage Subsidy *

S.

HP
3

HP
2

HP
1

0 Hours Worked

* This figure applies to JOIN family types 1, 2, and 4. See

Figure 2 for the budget constraint for type 3. Type 5 families

are not eligible for the wage subsidy.



on the following equation:

(4) Y = wvi- yu,

5.14

where Y = total income in dollars per year;

WP = the hourly wage rate of the primary worker;

HP = annual hours worked by the primary worker, and

Yn = annual non-employment income of the filing unit.

Line AB illustrates this equation. Eligibility for the JOIN program may increase

the worker's wage and non-employment income. At earnings levels below the

filing unit's earnings disregard under the JOIN surtax, the worker's income

is based on the following equation:

(5) Y = (2.00 + .5WP)HP + .5Yn.

Segment CE illustrates this equation. Note that at work hours below point

D the worker attains a higher income by remaining out of JOIN. This is be-

cause the s ..ax applied to his non-employment income is larger than the bene-

fit from the wage subsidy payments. As work hours increase beyond HT.,

the worker gains by receiving the wage subsidy even after paying the JOIN surtax.

The hours level at which participating in JOIN increases family income is deter-

mined by setting income in equations (4) and (5) equal and solving for hours

to obtain the following equation:

(6) HP
1 = Maxis% (.5Yn)/(2.00 - .5W ")j.

If non-employment income is zero, then JOIN becomes immediately profitable.

A third segment applies to those JOIN filing units whose earnings exceed

the OTN disregard. Such families face a 25 percent surtax on earnings and a

tax on non-employment income, except tyre 5 families for whom the surtax is 35

op
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percent. At hours yielding earnings above the filing unit's disregard, Di,

family income equals:

(7) Y (1 0.25) (2.00 + .500)HP + .5Yn + .25Di.

Line GFEH illustrates this equation. The. line is applicable to the individual

at hours worked levels between points E and F. In this range of hours worked,

the JOIN subsidy is financially profitable but the surtax on added earnings

applies. The hours level at point E equals:

D

(8) HP
2 P

2.00+ .5W

At hours levels beyond point F, the JOIN program becomes no longer

profitable for the worker. The fact that segment AF lies above segment GF

illustrates that income is higher without the JOIN benefits and JOIN surtax

than with them. Segment AF lies along line AB, which represents equation (4).

The hours level at point F, at which income is equal whether or not the unit

participates in JOIN, is equal to:

(9) H3 (.25D - .5Yn)/(WP - .75( 2.00- .5WP)).
3

In summary, one may see how the JOIN program can raise the income attainable

over some ranges of hours worked by comparing line BDEFA with line BA. The

problem of the labor supply analysis is to determine how the new options

illustrated by segment DEF would influence the worker's choice of hours worked.

According to economic theory, the worker will choose the point which maximizes

his satisfaction level. Given the worker's preferences for leisure and income,

it is possible to derive a general expression for how the hours level he

chooses depends on his wage rate and his level of notremployment income. In
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the absence of JOIN, this expression is:

(10) HP n hP(WP,YP),

where h is a function the form of which will be estimated later in this paper.

In principle, one could easily determine hp by simply plugging into (10) the

worker's new wage rate and level of non-employment income under JOIN. The

problem is that the worker's effective wage, (his net increase in income for

an added hour worked) and his net non-employment income level depend on the

hours range the worker chooses. That is, there is no single wage rate and

non-employment income level appropriate for all hours levels.

A general solution to this problem is to assume that workers make only

small changes in hours worked in response to JOIN. Under this assumption,

workers whose original level of hours worked was observed in a particular

region would choose a new hours level based on effective wages and non-employ-

ment incomes relevant to that range. For example, workers supplying hours in

the AF and DB ranges would face the same wage rates and non-employment income

levels after JOIN and would be expected not to change their hours choice. But

effective wage rates and non-employment incomes would differ over the hours

range between

and HP
2
would

Hi H. Those whose original hours levels were between HP
1 3 1

choose hours levels under the JOIN program based on the following

equation:

(11) HP g= hP(C2.00+ .5WP), .5Yn) .

The workers in this range would face a new effective wage, 2.00+ .5WP, and

a new effective non-employment income level, .5Yn. Those whose original hours

levels were between H? HP would choose hours levels under JOIN based on
2 3

the following equation:
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.(12) Hp s 0(.75(2.00 + .5wP), .5Yn + .25D
i
I,

For this group, the effective wage is .75(2.00 + .5WP) or three-quarters of

the effective wage for the group in range DE. The reduction results from the

application of the surtax on earnings. The group would also act as if its non-

employment income were equal to .5Yn + .25ri, or OH in Figure 1. To the worker

choosing over range, DE, JOIN acts as if it places a surtax on all his earnings

and as if it provides an income transfer equal to the surtax not paid on the

first Di dollars of income.

One aspect of the JOIN program is that at certain levels of income workers

are confronted with a discontinuous increase in marginal tax rates. Labor

supply theory says that under these circumstances workers at a variety of wage

rates will work just the number of hours that maintains their earnings at the

level where the tax rate increases. This result occurs in the transition be-

tween receipt of the wage subsidy with no surtax on earnings, segment DE, and

a wage subsidy in which earnings are subject to the surtax, segment EF. Point E

is a peak which represents the best choice for workers at many wage rates. This

point represents the hours level at which earnings are just equal to the earnings

disregard, Di.

Although the general approach of using equations (7), (8), and (9) is

appropriate in many cases, this procedure can yield incorrect results.

One problem occurs for those whose predicted hours are near points D and F.

For this group, it is clearly inappropriate to base predictions as if they

were faced with only a single set of wage rate, non-employment income opportuni-

ties. It can be demonstrated that workers who would appear to choose points

very near D and F if their choice were based on only one option would actually

choose other points if confronted with the entire range of JOIN options.

2.09
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Unfortunately, it is impossible without substantial information about indi-

viduel preferences to determine which option or which range of hours worked

would yield the best choice for any individual. However,.there is a pre-

sumption that points near D and F are inferior to points further away from

D and F. Thus, the choice predicted in this simulation is the one further

away from D or F. To determine which point is closer requires using a ratio

test that compares, for example, the hours levels at point D with the hours

levels chosen using equation (10),segment BD, and equation (11),'segment'DE.

Although the analysis discussed ewe coyersonlysUgleTeurker filing

units who are eligible for a wage subsidy, the same techniques are applicable

to other situations. Consider workers who would be ineligible for the wage.

subsidy because their highest wage was less than $2.10 per hour. This group

would be eligible for a special public job paying $3.00 per hour. Figure I

again illustrates the options facing such workers in filing units with only

one worker. But the equations would have to be adjusted. Equations C41 and

(10) would remain the same since they represent the individual's wage and

non-employment income in the absence of JOIN. In equations (51 and (11I, one

would replace the effective hourly wage term, 2.00 + .5WP, with the figure $3.00.

This would cover the range in which none of the workers' earnings would be

subject to the surtax. In equations (7) and (12), one would again replace

the effective wage term, .75(2.00 + .50WP), with the figure $2.25. Over the

hours range covered by these equations, earnings are subject to a 25 percent

surtax, thereby reducing the public employment wage from $3.00 to an effective

wage of $2.25.

JOIN has a slightly different effect on the budget constraint of category

3 filing units. Since this group may receive an income guarantee, they receive

an immediate benefit of G .5Yn at zero hours of work (G denotes the dollar

0-rgdi
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guarantee level). Those in this category would find their options altered by

JOIN to CEFA in Figure 2. BC represents the guarantee minus one-half other non-

employment income and we assume that this number is positive. Notice that the

worker in Figure 2 will participate in JOIN unless hours exceed.03.

Single individuals (category 5) would find that part of Figure 1 describes

their budget constraint. As noted above, only the special public job is po-

tentially advantageous for this group. If the category 5 worker's best wage

were less than $2.25, then JOIN might prove profitable. The worker's options

under JOIN would resemble BDEJ in Figure 1. At hours levels under thethe surtax

on the worker's non-employment income would exceed the effective earnings gain

from the $3.00 public job less the 25 percent surtax on earnings. Beyond 01,

the worker's effective wage would be $2.25 and he would participate in public

employment.

The important groups not covered by the preceding discussion are those

filing units with more than one worker. These cases are highly complex to

analyze, but the same general techniques are applicable. Although the analysis

of this case is left for the appendix, the reader should be aware of the general

approach. One basic assumption is that the filing unit acts so as to maximize

its satisfaction, where its satisfaction level depends on total income of the

unit and the leisure of each of its members. It follows that one worker's choice

concerning his work time depends partly on the time spent at work and the earnings

of the other worker. The filing unit has a broad range of options since either

worker may accept the work subsidy. Presumably, the unit will choose the hours

of work for each member, and choose the person who is to receive the subsidy that

maximizes satisfaction for the filing unit as a whole. The Analytical tech-
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niques described in the appendix attempt to simulate those decisions.

IV. USING THE STATE LABOR MARKET MODEL TO SIMULATE JOIN

A comprehensive analysis of JOIN requires an assessment of its impact

on the hours people work and on the wages employeks pay. If workers eligible

to receive the JOIN wage subsidy increase their time at work, JOIN's cost to

the government may rise as a result of the additional hours subsidized. In

addition, the subsidy cost per hour will rise if the increase in the labor

force causes a fall in the wages employers pay. Alternatively, employers may

have to increase their wage offers in order to retain workers who otherwise

might accept JOIN's public job guarantee. Increased wage rates, in turn, will

reduce JOIN costs as more people stay in private employment and fewer people

go into special public jobs.

Use of a State labor market model allows one to simulate how JOIN would

influence wage rates paid in private employment, the total employment levels

in public and private employment, the extent to which JOIN draws new workers

into the labor force, and JOIN's benefits to recipients and nonrecipients. The

model represents the wage determination process in each State of the United States

with a system of equations.
7 One set of equations relates the way work hours

supplied by workers depend on their wage rates, their non-employment income,

their dependents, and their other personal characteristics. Another equation

7See Peter M. Greenston and C. Duncan MacRae, "Labor Markets, Human Capital,

and the Structure of Earnings," pp. 1.1-1.75.

213
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expresses the relationship between the amount of labor demanded by firms, and

the wages they pay, and the overall level of output. The model determines

the market wage by finding that wage rate which equates labor supplied and labor

demanded.

In common sense terms, the model assumes that the hours which persons of

each demographic type choose to work are a function of the wage rate they can

obtain and their non-employment income. In other words, it assumes that

Americans in every State have the same relative preferences between income and

leisure, and that they behave differently in different States only because of

variations in the wage rate and the availability of non-employment income.

Similarly, the model assumes that the number of labor hours which employers in

each State wish to purchase depends on the level and composition of State out-

put and the wage rate prevailing in the State. In other words, the model assumes

that given similar output composition, employers in each State will vary their

demand for labor hours per dollar of output solely on the basis of the prevailing

wage rates in the State. Finally, the model assumes that employers enjoy per-

fect flexibility in substituting workers of various skill levels for one another.

As a consequence, the model assumes that the effect of a rise in the wage rate

is that employers will choose to substitute capital for labor. Given these

assumptions, the State labor market model tells us how American workers anu

employers can be expected to respond to variations in wage rates.

To simulate the effects of JOIN, one first specifies how JOIN would affect

the wage and income opportunities of all families and individuals. The pre-

vious section performed this task. Next, one plugs these new effective wage

and income figures into the labor supply equations derived from State-by-State

analysis to determine their effect of JOIN on the amount people work and on the

re
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numbers of worker remaining in private jobs and the numbers taking the special

public jobs offered under JOIN. This next step does not take account of the

feedback effect of changes in labor supply on the wages employers pay. If JOIN

changes the amount of labor supplied to private firms, the pre-JOIN wage will no

longer result in equality between labor supplied and labor demanded. Thus, the

model must find the new wage that will bring supply and demand into equality.

As the model solves new for the wage level, it simultaneously determines the

amount people work in private and in public employment, their total earnings,

and, their total subsidies from JOIN.

To understand the logic of the model requires an examination of its

equations and how they describe the behavior of workers and firms. Consider

first the labor supply equations. Since different population groups are ex-

pected to respond differently to changes in wage rates and non-employment in-

come, separate equations are necessary for each group. For example, family

heads vary their work patterns in different ways than wives do; young persons

in different ways than old persons; and well educated workers in different

ways than less educated workers. Of primary importance is the distinction

between labor supplied by the primary worker and labor supplied by secondary

workers in each family. The other distinctions of significance are between

different types of families. To determine which types of families show similar

labor supply behavior, a special statistical technique was employed to select

the groupings on the basis of minimum within-group wage variation and maximum

between-group variation. This technique classified all families into eight

groups based on the characteristics of the family head. The most relevant

groupings were found to be families headed by those with the following character-

istics:

;?.11. 5



5.24

1) male and female, age 36 and over, 16 or more years of schooling completed;

2) male and female, age 16-35, 16 or more years of schooling completed;

3) male, age 36 and over, 0-11 years of.schooling completed;

4) male, age 36 and over, 12 years of schooling completed;

5) 'male, age 36, and over, 13-15 years of schooling completed;

6) male, age 16-35, 0-15 years of schooling completed;

7) female, age 36 end over, 0-15 years of schooling completed; and

8) female, age 16-35, 0-15 years of schooling completed.

The model of labor supply behavior consists of separate equations for

primary and secondary workers in each of the eight family types. The equations

explain the variation across 30 states and groups of States in the average number

of hours worked per family per year on the basis of economic and demographic

variables. For example, State variations in average hours worked by secondary

workers of a particular family type depend on variations in their average

wage, in the average wage of the primary worker in that family type, in the

family's non-employment lucome plus the earnings of the primary workers, and

variations in the percentage of secondary workers who are white, between age 22

and 54, male, living with a spouse, responsible for dependents, and residing

in an urban area. Econometric estimates of the relationship between hours

worked and the explanatory variables use data on each variable derived from the

1970 Census Public Use Sample of 1 of every 1000 households. The estimated

relationships determine the quantitative significance of each of the variables.

One finding is that State variations in wages of secondary workers in some

family types stimulate significant increases in hours worked while for secondary
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workers in other family types wages have no discernible impact on hours worked.

Although separate estimates of labor supply relationships were performed

for sixteen groups (primary and secondary workers in eight family types), the

results were similar for some groups. In fact, only three separate equations

were necessary to explain variations in hours worked of secondary workers.

Behavior of primary workers differed sufficiently by family type to require

seven separate equations. In most of the equations, it was found that higher

wages and lower non-employment income induce longer work hours. In some cases,

work hours increase as wages increase only to a certain level after which

further wage increases appear to reduce or to leave average work hours constant.

Equations representing the demand for workers also take account of worker

differences. But for employers, the relevant differences are those affecting

worker productivity rather than those affecting family status. The demand for

college graduates will clearly differ from the demand for workers without a

high school education. In order to simplify the analysis, the model translates

hours worked by difi!erent types of workers into egnivalent.productivity units

as measured by relative wages. The hours worked by one group of workers is used

as the basis of comparison. Hours worked by all other groups become translated

into hours of the base (or numeraire) group on the basis of wage differences.

The base group is male, primary workers, high school graduatest over age 36, One

hour of work by male college graduates over 36 might become 2 hours in terms

of the base group's hours. Alternatively, the value in numeraire hours of an

hour worked by males with less than a high school education might be only one-

half an hour. The precise ratio of one groups hours to the numeraire's hours

is equal to the ra-lo of the wage rates. In theory, relative wastes are eaunl

21
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to relative productivities when markets are in equilibrium. To determine which

relative wage weights to assign to workers of different productivity in all

State areas, an equation relating relative wage rates to age - sex -education

characteristics was estimated.
8 Although some differences in relative wage rates

appeared between southern and non-southern States,. relative wage rates ars

reasonably constant over most areas. 'Using the wages derived in the relative

wage equations, hours worked by those with different productivities were

aggregated into a single hours measure.

The demand for labor part of the model is an equation intended to represent

the impact of wage rates on employers' demand for workers. The actual eqdation

relates State variations in the number of equivalent-quality hours worked (per

dollar of State output) to State variations in wage rates of the base group

and to State variations in the proportion of state output in manufacturing

and construction. The estimated equation is based on 1970 data. The re-

sults indicate that a one percent higher wage of the base

group is associated with about a one percent lower demand for labor hours.;

The output proportion variable is not statistically significant.

The demand for labor equation along with the condition that hours demanded

equal hours supplied completes the model. An iterative solution technique

solves for the wage for the base group that equates supply and demand. The

wages of other groups of workers follow directly from the ratio of their wage

8See pp. 1.26-1.46 for the exact form of this equation and for the

estimated regression results.

9,Alf;
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rates to the wage rate of the base group. One important assumption embodied in

the model's demand equation is that workers of different skill levels are per- .

fectly substitutable at some fixed ratio. That is, if the wage level of a

high skill is three times that of a low skill worker, firms may substitute

three low skill workers for one high skill worker at no loss or gain in outiit.

This assumption implies that relative wage rates of different classes of workers

are fixed. Thus, JOIN's impact on the wages of one class of workers, say the

base group, will have an equal percentage effect on wages of all other classes

of workers. By assumption, JOIN cannot improve or worsen the relative position

of low wage workers as measured by their market wage rate relative to that of

other workers.

One problem in using the State labor market model to simulate the effects

of JOIN is the difference in units of analysis. JOIN eligibility criteria

for various filing unit categories are based on the nuclear family and on

legal responsibility. One filing unit group consists of both parents and all

children under eighteen. Children 18 and over and other household members

not married to the family head are in different filing units. In contrast,

the family unit used in the model and in most labor supply analysis includes

all household members related to the head, regardless of their ages. The solu-

tion adopted here is to treat all secondary family workers not married to the

primary worker as eligible for JOIN. This assumes that secondary workers in

families with no spouse present are not under age 18 and that the secondary

worker in families with a spouse present is the spouse.

A second problem arises because JOIN is universal but the State labor mar-

ket model includes only the civilian non-agricultural labor force. Since

wage rates in the agricultural sector are low, a significant aumber of workers

excluded from this analysis may in fact be eligible for JOIN benefits.

219



5.28

V SIMULATION RESULTS AND IMPLICATIONS

We have discussed the inputs into the simulation process: labor supply

analysis of JOIN and the structure of the State labor market model. More de-

tailed dievissions of both appear in the Appendices. This section is divided

into a discussion of assumptions made to update the model to make forecasts

for 1976 and an-analysis of macro and micro effects of the JOIN program.

The program parameters of JOIN are designed to apply to a program im-

plemented in 1976. Basic exogenous inputs into the State labor market model

were updated to 1976 by projecting the growth of output, unearned income,

population, and labor productivity from the 1970 Census data base used to

esti/Rate the model. Furthermore, mice all monetary values (rage rates,

earnings, income and output) in the econometric model are expressed In 1969

dollars, the parameters of the 1976 JOIN were first converted to 1969 dollar

values. This is accomplished by multiplying them by the ratio of the 1969

GNP deflator to an estimate of the 1976 GNP deflator (obtained from the

National Planning Association).
9 Then the above motioned variables ate

projected into 1976 and the model is simulated with and without the program.

Finally, the predicted values are translated into 1976 dollar values by

multiplying them by the ratio of the 1976 GNP deflator to the 1969 GNP

deflator. The projections are based on the following trends and assumptions.

Nonfarm output is assumed to grow in all states at the same rate as national

output, which has been projected to increase from $837.3 billion in 1973

to $905.0 billion in 1976 (in constant 1958 dollars), or a real growth

9Forecasts of the GNP Implicit Price Deflator are contained in National

Planning Association, The U.S. Economy: 1973-1983, Washington, D.C., 1974.

I
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of 24.7 percent from 1969 to 1976.
10 Corresponding to this growth in real

output, unearned income is projected to grow at the same rate. The number

of families in each state is assumed to continue to grow at the same rate

of 1.48 percent a year which occurred over the period 1960-73. The

demographic compositiaa variables are assumed to remain at their 1969 values.

Labor productivity increased at a 3.1 percent annual rate over the

period 1969-73 and is projected to grow in 1974-76 at the same 3.0 percent

rate that prevailed in the last two decades.
11

The effect of the labor

embodied technical progress is both to increase the number of equivalent-

quality hours and to reduce the average cost of labor to firms. Since

quality per man hour is assumed to increase by 22.7 percent over 1969-76,

firms obtain 1.227 (H
d) equivalent-quality hours at a market wage of

W4j 4so that the average cost of labor to firms is only WP
j
/1.227. The

reduction in average cost will just absorb the increase in effective

supply since demand is slightly elastic. Therefore, on net, the effect

of increased labor productivity is to increase wage rates slightly.

The predicted values of the model are reported by JOIN category.

But some individuals who are classified by JOIN as eligible category 5

families, are actually members of extended family units living together.

Such individuals appear in our tables as secondary workers and are

associated with the JOIN category appropriate for their family head.

10The 1976 estimate is a Chase Econometric forecast.

11Productivity trends are discussed in Manpower Report of the President,

Washington, D.C., March 1973, pp. 11-12.
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Insofar as such extended families pool income from all sources, it

would be misleading to list family members under two JOIN categories,

and give the impression that they were separate units each with rather

low income.
12

For each category we report an average value of primary (WP) and

secondary (Ws) wage rates, hours per family (HP/F, H s /F), earnings per

family (EP/F, E
s
/F), and family unearned income (Y

n
) over all states.

Wage rates are weighted by hours, while hours and earnings per family

are weighted by families.

In Tables 1 and 2 the pre-program predicted average values by JOIN

category for participants and non-participants are reported. In the nation,

an average of 4.0 percent of families have primary workers-participating

while .7 percent of families have secondary workers participating in JOIN.

In the absence of the program workers in these families on the average

have significantly lower wage rates, levels of employment and unearned

income than workers in non-participating families. Thus both their earned

and their total income is lower. Nationally, workers from participating

families are predicted to earn $2500 per year in contrast to $8100 per.

year for workers from non-participating families.

12
It should be noted that pre-program values for categories 2 and 3 are

identical because they differ only in the age of dependents. Since we

did not have state-by-state observations on these categories we allocated

one-parent families with dependents, which we do observe, between the

categories on the basis of the proportions observed for the entire

American population.
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The post-program predicted values of the annual government cost per

family (COSTP, COSTS) and annual subsidy per family (SUBP, SUBS) are

reported along with equilibrium wage rates and annual hours worked in

Tables 3 and 4. Government costs include the wage subsidy net of the JOIN

taxi the income guarantee cost for category 3 families, and the wage bill

in public employment net of JOIN tax on participants. Figures for the

annual subsidy per worker for primary and secondary workers indicate the

increase in earnings above those determined by private market wage rates.

Thus the entire amount of wage subsidy payments and any income guarantee

is included in this figure. But, for individuals participating in public

employment, the subsidy is an implicit wage subdidy equal to wage

differences in public and private employment. Thus our estimate of subsidy

is the earn'ags differential associated with this wage subsidy.

Perhaps the most notable feature of the results on participants in

Tables 2 and 4 is the concentration of participation in category 3

families and the lack of category 5 participants. JOIN is very attractive

for category 3 families because of the income guarantee which thesc

families receive. Since non-labor income for this group is about $1000,

the average value of the income guarantee net of the 50 percent non-labor

income JOIN tax will be about $2800 per year. Primary and secondary

worker hours tend to be small for category three families which means

that the earnings tax does not push these families near the break even

level of income even if they have high wages. JOIN is unattractive to

category 5 families because of the higher earnings tax which they face,

35 percent as opposed to 25 percent for other cate3ories, and the lack

of an earnings disregard. Given a public employment wage of $3.00 the

4 2 5
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after-tax wage available to category five workers choosing to participate in

JOIN is only $1.95 per hour. This is generally below prtvace market wages

projected to be available to workers in 1976. Also some category 5

families consist of individuals who are members of extended families that

are eligible for JOIN under categories 1 through 4. Hours and earnings for

such workers appear in descriptions of secondary worker behavior under the

category of the head of the extended family.

Changes in the circumstances of families that participate in JOIN and

those that do not participate are given in Tables 5 and 6. As can be seen,

JOIN is nearly market-neutral in that it has little net effect on market-

clearing wage rates. Because of this feature there is little net effect

on the behavior or income of non-participant families. Table 6 indicates

that, for both primary and secondary workers, there is a slight fall in

market wages of non-participating familiee. But because workers in these

families are on the backward-bending portion of their uncompensated labor

supply curves, the decline in wages evokes an increase in hours which

leaves earnings virtually unchanged.

Families that participate in JOIN show sharply higher earnings and

hours of work after the program is implemented. Table 6 indicates that

these increases in hours and earnings extend to both primary and secondary

workers of family types 1 through 4. But the percentage gains in hours

are particularly large for category 3. Given the shape of the underlying

labor supply functions, and the design of JOIN, one would anticipate that

increases in hours would be most pronounced for the lowest wage workers.

These individuals tend to be on the portion of the labor supply curve

which has the smallest positive slope and they are unlikely to earn

enough to exhaust the value of their disregard from the JOIN earnings

29-8
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tax. The tendency of the income guarantee to discourage work effort on the

part of category 3 families apparently did not outweigh the positive effects

of the wage subsidy and public employment on work effort.

In interpreting the results preRented above, limitations of the analysis

should be recognized. We have assumed a minimum wage in private employment of

$2.10 per hour would be permitted in spite of legislation which mandates higher

minimum wages by 1976. Of course workers receiving such a wage in private

employment would actually get $3.05 per hour including the wage subsidy. Secondly,

in analyzing the choice of private vs. public employment, we have ignored the

element of job satisfaction and amenity. It may be that workers would accept

a lower wage in public employment rather than work in an undesirable job in

the private sector. Also we have ignored any role of the employment services

associated with JOIN in encouraging workers to accept positions in the private

sector. Instead workers consistently choose the position which yields the

hlghes.t earnings for given hours of work. Finally, we have not 'dealt with the

existence of other taxes and subsidies which would persist, be modified, or be

eliminated by the introduction of JOIN.

VJ. SUMMARY AND CONCLUSIONS

In this paper we have analyzed the market effects of the high benefit

version of the JOIN proposal. We first reviewed the basic financial struc-

ture of the program. Each family or individual falls into one out of five

possible filing unit categories depending on family composition. Each

filing unit is eligible for one wage subsidy or one public job. A worker

receiving between $2.10 and $4.00 per hour is eligible for a wage subsidy

equalling one-half the difference between $4.00 and his or her wage rate. A
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worker earning less than $2.10 per hour is ineligible for the wage subsidy but

eligibl_ for a special public job paying $3.00 per hour. Single parent families

with a child less than 14 years old are also eligible for an income guarantee.

All filing units, however, are subject to a surtax based on total family earnings

and total. family non-employment income.

Since the JOIN program affects both the wage rate and non-employment income

opportunities of participants, we next used the theory of family labor supply

to analyze the consequent labor supply effects of the prograzi on the different

filing unit categories. The analysis focused on specifying how the several pro-

gram components alter the budget opportunities confronting the family and re-

flecting these changes in the parameters which determine labor supply behavior.

JOIN has been designed to incorporate some features which increase labor supply

to the private sector and others which should have the opposite effect. While

the wage subsidy and special public jobs would improve the wage opportunities

for many JOIN recipients, the higher wage not only increases the return to

added hours of work, inducing an inc:,ease in labor supply, but also allows workers

to afford added leisure, inducing a decrease in labor supply. Moreover, the

JOIN surtax provisions might also raise or lower work effort. The surtax on

non-employment income reduces the family's ability to afford leisure while the

surtax on earnings causes a decline in the effective wage rate for some workers

in JOIN filing units.

Given the labor supply effects of the JOIN program on those VII!) are eligible *

to participate, a model of State labor markets was employed to determine the

changes In wage rates and work effort on both participants and nonparticipants

brought about by the program through its effect on the market supply and demand

for labor. Projecting the proposed program into 1976, we forecast that an
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'average of four percent of families would have primary workers participating,

and almost one percent of families would have secondary workers participating.

We found, however, that participation would be dominated by single parent fami-

lies eligible for the income guarantee, and that single individuals would be

only occasional participants. The simulation indicated that hours supplied by

participating families would tend to increase as a result of the implementation

of JOIN. These increases would extend across both primary and secondary workers

in all participating family types. However, wages would not fall significantly

and non-participating
families appear to be little changed by the introduction

of JOIN. Therefore, we conclude that the increase in labor supply would be

absorbed by the public sector leaving the private sector relatively unaffected.

Thus, it seems that the potential for JOIN to be market neutral would be realized

and the program could be introduced without causing large readjustments of the

non-target population. In other words, the dissipation of benefits through

wage increases to the demographically
ineligible will be minimal as will he

the substitution of subsidized for unsubsidized labor.

%,4
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APPENDIX - LABOR SUPPLY ANALYSIS OF THE MULTI-WORKER FAMILY

The multi-worker family has two or more potential participants in the

labor force. We will consider the case in which there are two workers per

family, the primary worker and a single secondary worker. Such a family supplies

primary hours, HP, and secondary hours, Hs, to employment in a manner which

maximizes utility of the family as a whole from income, and leisure of family

members. The budget constraint of a multi-worker family not participating in

JOIN is given by equation (1):

(1) Y WPHP + Walls + Yn,

where Y = total family income in dollars per year;

yn = total annual non-labor income of the family;

WP = market wage rate of the primary worker in dollars per nan-hour;

W
s
= market wage rate of the secondary worker in dollars per man-hour.

We can represent this budget constraint by a plane in OLD, R , Y) space, speci-

fically plane abcd in Figure 1. Note that the budget plane slopes up from the

point where Y = Yn and HP = Hs = O. The steepness of the slope as HP increases

varies directly witl. WP and similarly steepness increases in the Hs direction

as W
s

increases. This will be called the initial budget plane and, in the

absence of JOIN, families would maximize utility by supplying labor at a point

of tangency between an indifference surface in (HP, Hs, Y) space and the initial

budget plane, determining the HP and HS supplied annually'., Labor supply of

each family member will, in general, depend on family non-labor income, his

own wage, and that of the other family member as shown below:



Figure 1

Budget Constraint of a Multi-Worker Family in the Absence of JOIN

Net Income

Equation of the Budget Constraint

Y = WP(TP - LP) + Ws(Ts - Ls) + Yn = WPHP + Ws Hs + Yn

5.43
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(2) HP = hP(WP, Ws, Yu)

Hs = hs (Ws, Wp , Yu ).

The JOIN wage subsidy modifies the family's budget constraint by intro-

ducing other budget planes into the diagram. Consider first the case in which

the primary worker is eligible for a wage subsidy and the secondary worker is

not eligible for any of the JOIN subsidies. Figure 2 shows the initial budget

plane, abcd, with a slope of -WP in the (Y, HP) plane and -Ws in the (Y, Hs)

plane. If the primary worker receives a JOIN wage subsidy, but total family

earnings are below the exemption level so that the earnings surtax does not

apply, net family income is given by:

(3) Y = (5..E0 + .5WP)HP + WsHs+ + G .

Equation (3) generates the plane efgh shown in Figure 2. As noted for single

worker families the existence of the income guarantee for category 3 filing

units would shift plane efgh vertically and modify the appearance of the dia-

gram slightly. Plane efgh has a slope of -(2.00 + .5WP) in the (Y, HP) plane

and -Ws in the (Y, Hs) plane and its height when HP = Hs = 0 is .5Yu. If the

family finds e utility maximizing point on plane efgh, it will supply labor

as if the initial supply equations in (2) above included a wage subsidy for

the primary worker and a change in non-labor income.

(4) RP 3= hP (2 .0 0 .5WP, W5, ..517,1 +

p n
HS = hs(W , 2,00 + G) ;

f', 36



Figure 2

Budget Constraint of a Multi-Worker Family with Primary Worker Eligible

for the JOIN Wage Subsidy

[

Net Income

4
g

1

Budget Surface--

Equation of:

Plane abed, Y = WpHp + WsHs + Yn ;

Plane efgh, Y = (2.00 + 0.5WP)HP + lefts + 0.5Yn + G

Plane wxyz, Y = 0.25(2.00 + 0.5WP)HP + WsHs) + 0.5Yn + G + 0.25E

5.45
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. The change in non-labor income may be thought of as an income transfer equal

to-.5 yn for groups 1, 2, and 4 and equal to G-.5Y
n

for group 3 which receives

an income guarantee of G dollars for participating in JOIN. Note that in a

multi-worker family policies which influence primary supply also change secondary

worker behavior because the labor supply decisions are linked.

The intersection of planes abcd and efgh is the line AA' which is the locus

of points formed by combinations of primary and secondary hours such that net

incomes with and without the wage subsidy are equal. For any value of secondary

hours, the level of primary hours along AA' is fixed and equal to:

(5) Hi = Maack), (.5Yn G)/(2-00 0.5WP)1

Equation (5) is precisely the same as the equation used to determine break even

hours in the case of the single worker family. The region of the budget sur-

face around AA' formed by planes abed and efgh is concave downward introducing

the likelihood of multiple equilibria, or points at which there is more than

one point at which an indifference surface is tangent to the budget surface.

At such points where equations (2) and equations (4) indicate that primary hours

are below and above Hi we simulate labor supply by assuming that
1

the solution in which primary hours are furthest removed from Hi is the one

which maximizes family utility. Given the concave downward shape of indiffer-

ence surfaces, it is likely that the tangency with the highest indifference

H1%surface occurs at points relatively furthex remoVed grW9 01P % Nor A guther

discussion of this point in the context of a single worker see Kesselman.

13Jonathan Kesselman, "Conditional Subsidies in Income Maintenace,"

Western Economic Journal, March 1971 , 11, pp. 1-20.

13
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Families receiving a wage subsidy and having earnings above the level of

exemptions are subject to a surtax of 25 percent on earnings net of exemptions.

For such families, net income is given by

(6) Y = (1 - .25)((2.00 + .5WP)HP + WsHs) + .5Yn + .251)12+ G

.75 ((2.00 + .5WP)HP + Ws Hs) + .25Di + .SYn G

Plane wxyz in Figure 2 is generated by equation (61. This plane.hAs a slope of

-.75(2.00 + .5WP) in the (Y, HP) plane and -.750 in the (Y, Hs) plane, and

its height when HP = Hs = 0 is .5Yn + .25D
i
+ G. Plane wxzy is displaced from

the initial budget plane by an income transfer equal to the difference of G +

.5Y
n

+ .25D
i

and Y
n
; a wage tax on primary workers equal to the difference If

.75(2.00 + 0.5WP) and W1'; and a 25 percent wage tax on secondary workers. Thus

the labor supply eq=ntions for family members can be written as:

(7) HP = 0(.75(2.00 + .5WP), .75Ws, .5Yn + .25D + G)

.75(2.00 + .5WP), .5Yn + .25D + G)HS hs(.75ws

Planes efgh and wxyz intersect in line BB' whose equation may be written as:

(8) HP
2

= (D
i
- WsHs)/(2.00 +

This is a generalization of the result for HZ for single worker
2

families above. Note that the line BB' runs diagonally across the budget con-

straint surface in Figure 2, intersecting line AA' at point X, and that lines

BB' and AA' together determine the portion of plane efgh that lies on the bud-

get surface. Only the triangular wedge, AXB, of plane efgh lies within the

budget surface. This means that only equilibrium tangencies of indifference

239



surfaces on this wedge can produce labor supply equilibria in that portion of

the JOIN program where there is a wage subsidy without an earnings surtax.

The size of the wedge AXB varies directly with the level of exemptions and

inversely with wages of both primary and secondary workers and.family non-'

labor income. This can be seen by solving for the level of secondary worker

hours at which the point X occurs:

(9) Hs [Di - (0.5Yn - G)[(2.00 + .5WP)/(2.00 - .5WP)]]/Wrs.

As H
s decreases, the point X moves down the budget plane toward the line where

H
s equals zero and the size of the triangle AXB decreases. Equation (9) shows

that Hs varies directly with andand inversely with Yn, WP, and Ws.

The existence of kinks in the budget surface, such as that along line BB'

in Figure 2, creates special problems for labor supply analysis. Line BB is

part of the budget surface but it is possible for an indifference surface to

be tangent to line BB' and hence to the budget surface without being tangent

to either plane efgh or p. wxyz. Since labor supply equations (4) and (7)

both assume that supply is detrmined by tangency of an indifference surface

with planes efgh and wxyz respect- Ay, they cannot be used to determine family

labor supply produced by the tangencies with BB' described above. Equation (8),

the equation of line BB', gives us the relationship between primary and secondary

hours that must hold on BB', but the exact mix of primary and secondary hours

is indeterminate. Our approach to handling this indeterminacy in the labor

supply simulation involves setting secondary hours equal to the mean of secondary

hours computed using equations (4) and (7) and then solving for primary hours,

given these secondary hours, using equation (8). This approach to the inde-

terminate mix of primary and secondary hours has the virtue of yielding honrn

/1,1)
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which are consistent with equation (8).

The line CC' on Figure 2 is the intersection of plane wxyz with the initial

plane abcd and it indicates combinations of primary and secondary hours at which

the net value of the wage subsidy is completely taxed away by the earnings sur-

tax:

(10) 1111
3

(G + .25Di - .5Y2 - .250Hs)/(WP - .75(2.00 + .5WP))

This is analogous to the equation for H3 for the single worker family.
3

The quadraliteral CXBx in Figure 2 represents the portion of plane wxzy that

lies within the budget surface and hence indicates possible combinations of

hours for which supply equations (7) apply and the family is in the tax back

section of the JOIN program. The size of CXBx decreases as point X moves down

in Figure 2 to the point where Hs = 0, and the location of point X is determined

according to equation (9). Thus the size of the budget surface falling in

plane wxyz varies directly with the exemption level, Di, and inversely with Y2,

WP, and Ws.

Above the break even point along line CC', labor supply returns to that

described by the initial supply equations (2) as the budget surface returns to

plane abed. However, the region of the budget surface around CC', formed by

planes wxyz and abcd, is ccAcave downward introducing the possibility of multi-

ple equilibria analogous to the situation found around line AA'. There may be

more than one point at which an indifference surface is tangent to the budget

surface. The choice is between the labor supply equilibrium given by equations

(2) on abce and that given by equations (7) indicating tangency on plane wxzy.

Diagrammatic analysis of the case in which the secondary worker is eligible

for the wage subsidy follows simply by reversing the labels on the HP and Hs

?Al
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axes in Figure 2. Analysis of cases in which both family workers have market

wages which render them eligible for the wage subsidy is very complex. The bud-

get constraint facing a family under such circumstances would consist of portions

of five budget planes. Unfortunately, such a surface would introduce the possi-

bility of positions in which there were three equilibrium points. Design of

tests to differentiate between such multiple equilibria would be most difficult.

The case in which both workers were eligible for the wage subsidy was simulated

by first attributing potential participation in the subsidy to the worker for

whom the subsidy per'hour would be largest given the prevailing market wage. Then

the final equilibrium of the family is analyzed as described above.

The analysis of multi-worker family participation in the public employment

program proceeds in a manner analogous to the simulation of the wage subsidy.

Figure 2 can be reused to analyze family labor supply when only the primary

worker is eligible for public employment. The initial plane could be repre-

sented by abcd. Net family income for public employment participants not sub-

ject to the earnings surtax would be given by:

(11) Y 3.00Ii + Wn + .5Yn + G.

This is the equation of a plane displaced from the initial plane much as efgh is

displaced from abcd in Figure 2. Labor b.pply responses associated with the

budget constraint in equation 11 will be equivalent to those associated with a

primary worker wage subsidy equal to (3.00 - WP) and an income transfer of G-.5Y111

(12) HP a hP(3.00, Ws,
.5yn

Hs = hs(Ws, 3.00, .5Y11 + G),

?Az
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Finally if family earnings were above the earnings disregard, D
i'

the appro-

priate budget constraint14 would be given by:

(13) Y = 0.75(3.00HP + WsHs) + .25Di + .5Yn + G.

The plane generated by equation (13) relates to the lther two planes as plane

wxyz relates to the other planes generating the budget surface in Figure 1.

S

Equation (13) implies that the family supplies labor as if confronted with a

wage tax equal to WP - 0.75 x 3.00 dollars per hour and receives an income

transfer of .25D
i
+ G - .5Y

n
dollars per year. The resulting supply equations

for this public employment tax-back segment of JOIN are:

(14), HP = hP(0,75 x aloo, Ws, .5Yn + .25D
i

+ G).

Hs = hs(Ws, 0.75 x 3.00, .5Yn + .25Di + GI

To complete the analysis of supply responses of families eligible for public-

employment, we use techniques for dealing with supply along or around lines

where planes intersect analogous to those developed for the wage subsidy simu-

lation. The case of secondary eligibility is handled symmetrically to primary

supply analysis. Finally, cases of multiple eligibility for public employment

or mixed wage subsidy-public employment eligibility were simulated by testing

first to determine which worker could receive the largest absolute subsidy per

14

For type 5 families Y = .065(3.00HP + W H ) + .5Yn. Also, since Di = 0,

i = 3.5, ..2quation (11) does not apply. Individuals participate in public

employment only if their market wage is below the public employment wage net

of the earnings surtax.
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'inan-hour. Family labor supply responses were then simulated assuming that only

the worker getting the largest subsidy was eligible for participation in JOIN.



A DIFFUSION ANALYSIS OF PARTICIPATION IN THE AID TO

FAMILIES WITH DEPENDENT CHILDREN (eDC)iPROGRAM BY STATES

by Peter M. Greenston and C. Duncan MacRae

Abstract

The significant growth in the AFDC program during the 1960's

has been attributed to growth in the number of families eligible

for the program and the rate of participation by those who are

eligible. In this paper a model of AFDC participation in twenty

states over the period 1960-1973 is developed which allows for

both change in the number of eligibles and in the participation

rate over time. The number of families eligible for AFDC is a

function of the number of female-headed families and the level

of unemployment. Participation is the result of the diffusion

of information from those participating to those who are not

but who are eligible for the program. For almost every state,

the model does an excellent job, tracking not only upturns but

also downturns. It not only predicts participation, but also

estimates eligibility so that participation rates can be derived.

Since changes in these rates have influenced the level of parti-

cipation in most of the states, it is concluded that the diffu-

sion of information along with the growth in eligibility has

played an important role in explaining the growth of AFDC.
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6.1

A DIFFUSION ANALYSIS OF PARTICIPATION

IN THE AID TO FAMILIES WITH DEPENDENT

CHILDREN (AFDC) PROGRAM BY STATES*

by Peter M. Greenston and C. Duncan MacRae

The Urban Institute

The number of families participating in the AFDC program surged upward

in the decade of the sixties. In 1960, there were 0.8 million participating

families, while by 1970 there were almost 2.6 million families. The rate of

growth from 1962 through 1966 fluctuated but was relatively unexceptional,

averaging 4.1 percent. Subsequently, however, it increased each year through

1970, climbing from a rate of 15.1 percent to 36.1 percent. Finally, it

slowed down in 1971 to 14 percent, to 7 percent in 1972, and to less than 1

percent in 1973.

A large proportion of the national increase has occurred in a handful of

states -- on average, twelve states have accounted for 74 percent of the

1960-1970 increase, and twenty states have accounted for 85 percent.'" Rates

of growth, however, have not been uniform across these states. Some exhibit

the national pattern, some are still accelerating,'while othe"s have already

registered negative rates of increase. It is this diversity which makes an

AFDC,analysis of the growth of F at least at the state level, mandatory.

A multiplicity of factors has been advanced to explain the increase in

the number of AFDC recipients. In general, participation levels may grow

through an increase in the (demographically and financially) eligil ? popu-

lation or through an increase in the rate of participation by those ...ready

eligible. Closely asgnciated with growth in the eligible population is an
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increasing number of female-headed families, whether growing independently

or as the result of increasing benefit levels; an increase in the unemployment

rate and consequent difficulty in finding low-skill employment by both male

workers and female heads; increasing state standards of need which expand

eligibility up the income scale; and changes in program eligibility rules,

including eligibility for new groups and more liberal acceptance procedures

by local agencies. Increased rates of participation are brought about by

increases in the amount of information about a pr3gram circulating within a

community as well as changes in community norms.

Surprisingly, there have been relatively few studies of the growth of

AFDC. Rather, most of the research has focused on explaining the level of

participation in a cross -sectional framework and then
inferring from this

static framework the factors most important in explaining growth. These

studies fall into two groups. The earlier work of Collins [4] and Lurie [101

attempts to explain the level of participation by social, economic and program

factors. In explaining the ADO zecipieiit rate (the number of child recipients

per 1000 perccns is Cite eligible age group) in 1960, using states as obser-

vations, Collins attributes her "relatively weaker-than
expected" results to

state control over eligibility and standards coupled with diverse social

structures and attitudes, implying that non-quantifiable factors may loom

large in determining the dependent variables. Collins' analysis does indicate,

however, the importance of understanding the role of eligibility rules as

prerequisite to explaining recipient rates, and the corresponding necessity

of distinguishing between eligibility and participation phenomena.

In a comparison of 1960 with 1966 levels of participation, Lurie attri-

24/4
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buted approximately 40 percent of the increase (in the number of AFDC families)

to eligibility factors and implied that the remainder was due to an increased

demand for AFDC by existing eligibles. During the subsequent period, it would

seem that an increased demand was as much of a factor as before. This was a

period of agitation by civil and welfare rights groups to get people onto the

rolls, and a time when welfare lost its stigma and became a "right." Boland

[2, pp. 15-24] estimates that the participation rate for all types was 56

percent in 1967, and 78 percent in 1970. In fact, the rate for female-headed

families increased from 63 to 91 percent. This notion of an increasing level

of awareness within the community is further supported by the fact that AFDC

participation grew relatively rapidly in metropolitan areas where information

is easily exchanged, even though poor female-headed families (albeit a suspect

proxy for eligibles) grew slowly in metropolitan areas relative to non-

metropolitan areas.

Recent research by Honig [8] and Durbin [5] explore the relationship

between the AFDC program, eligibility, and participation. From their work we

can infer that both growth in the eligible population and an increase in the .

rate of participation have been in evidence during the last decade. Using a

cross-section of SMSA's, Honig measures the extent to which the program has

increased the number of eligibles -- by inducing the formation of female-

headed families -- and then estimates the participation response to higher
et

payment levels that is due to larger numbers of welfare-induced female heads.

She found that increases in the AFDC stipend increased participation directly

and by inducing an increase in the formation of female-headed families.

Durbin's model of New York City health districts is the most comprehensive
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in that participation is dependent upon economic and demographic factors and

the number of female-headed families which itself is a function of welfare,

labor market, and social parameters. She suggests that increases in the number

of women of child bearing age, especially among non-whites, and the automatic

expansion of the financially eligible population as standards of need have in-

creased, have contributed to the growth of AFDC. Relaxation of administrative

stringency as reflected in falling rejection rates and the increased size of

welfare benefits relative to market earnings (which also affects the rate of

formation of female-headed families) have also acted to increase participation.

The purpose of this paper is to develop a time series analysis of AFDC

growth by focusing on the implicit diffusion of information about the program

from participants to nonparticipant eligibles throughout the community. Al-

though the number of eligibles is not an observable variable (i.e., it cannot

be measured easily), we hypothesize it to be a function of economic and demo-

graphic variables and do derive an estimate of it from the model. Saks [11]

and Ryden [12] have also developed time series models of AFDC participation

in New York City. Their models rely on social, economic, and programmatic

variables just as the cross-section work does, but they do not deal explicitly

with what we believe is central -- the program-eligibility-participation

relationship.

I. ELIGIBILITY AND PARTICIPATION

Eligibility and participation are different phenomena and ought to be ex-

plicitly distinguished, especially in an analysis of the growth of AFDC.

Beginning in 1961 demographic eligibility was extended in several states from

25f)
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female-headed families with dependent children to male-headed families with

dependent children in which the head is unemployed. This set of families

is known as the unemployed parent (UP) segment.
2 In 1968, the Supreme Court

abolished the "man-in-the-house" rule so that an additional set of male-headed

families (in the Census definition) became demographically eligible. The Court

struck down a one-year state residency requirement in 1969, and thus increased

the number of male- and female-headed eligible families. A family is finan-

ially or economically eligible if its total income is less than the appro-

priate break-even level determined by its earnings, unearned income, and a

host of state established parameters. In the subsequent discussion, eligibility

connotes both demographic and financial eligibility.

We hypothesize that at a particular time not all eligible families are

participating because not all of them know about the program, and that it is

the diffusion of information which has increased the rate of participation

over time. Moreover, we implicitly ansnue what once sufficient information is

available, the eligible family does participate in the program. Accordingly,

the task is first to specify a relationship between eligibility and the demo-

graphic, social, and economic factors which influence it, and then to simulate

the flow of information from participants to eligible nonparticipants.

Demographic eligibility is satisfied by a family with dependent children

if (i) the head is a female; or if (ii) the head is an unemrloyed father and

the family lives in a state with a UP program, or the head is an incapacitated

father; or if (iii) the head is a male and no spouse is present. Children

living with relatives other than parents are also demographically eligible.

As mentioned already, families in which the male is not the father of the chil-
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dren and has no legal requirement to support them are also demographically

eligible.

Financial eligibility is determined by the same variables which underlie

the traditional microeconomic income-leisure analysis. This framework, in

fact, has been applied to the General Assistance Program by treating it as a

negative income tax.
3 The decision of how much labor to supply to the market

depends upon market wage rates (and earnings) relative to AFDC subsidies and

tax rates, and individual preferences for work vis-a-vis welfare (leisure).

As a first approximation to the determination of eligibility, we assume there

is a reduced form equation which relates the number of eligible families to

certain demographic and economic variables as follows:

(1) Et =a + aiFHF +aDFHF + a3U +aB/W + a5Stolt2tt3t4tt5 t'

where t refers to the time period in quarters (I, II, III, IV), E denotes the

number of eligible families, and the other variables are defined below. Since

a complete enumeration of the demographically eligible families in any period

t is not feasible, and since the bulk of participating families are composed

of female-headed and UP segments, we assume that the number of demographically

eligible families for the period 1960-73 is a linear combination of the number

of female-headed families (FHF), the number of unemployed people (U) reflecting

the size of the UP segment, and an additional proportion of the FHF population

from 1968111 - 19731, which is assumed to be highly correlated with the number

of "man-in-the-house" families, where Dt = 0 for 19601 - 196811, and Dt = 1

for 1968111 - 19731. The number of financially eligible families is assumed

to be related to the level of unemployment as a proxy for the likelihood that

a demographically eligible family is a poor family, to the average expendi-
.
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ture per AFDC family relative to the average manufacturing wage rate which is

used to measure the attractiveness of welfare relative to market work and is

denoted by B/W, and to the state standard of need, S, which is presumably

correlated with variation in the income exit level of the program.

Consider now the diffusion of information from participants to eligible

nonparticipants (i.e., potential participants). In particular, we assume that

all participants are linked with all potential participants in a social struc-

ture where a constant proportion 0 of possible contacts per period lead

new participants.
4 Since the number of possible contacts in any period is

the product of the number of participants and the number of potential partici-

pants, we can express the change in the number of participants during period t

as

(2) P
t
- P

t-1
= Bp

t-1
(E

t
- Pt -1) ,

where E
t
= number of eligibles at the beginning of period t, P

t
= number of

participants at the end of period t, and = the proportion of possible con-

tacts which lead to new participants. The probabiliiy of participating is

given by

(3) (Pt Pt-1)/(Et,7-Pt-1) 6Pt-1'

so that, the inverse of ep
t-1

can be interpreted as the mean duration of non-

participation by an eligible. This equation highlights the two opposing forces

at work in the diffusion process. Relative to the number of eligibles, an

existing large number of participants means a large storehouse of information

about the program; but it also means fewer potential participants from which

to draw new members. Note that the model is capable of predicting a downturn
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in participation (i.e., a negative change). This would occur when the number

of participants at t-1 exceeds the number of eligibles at t. It should also

be noted that in our formulation (as expressed by (1) and (2)) we implicitly

assume that those who lose their eligibility in period t are replaced by former

participants who regained their eligibility in period t.

II. SOCIO-ECONOMIC DATA

As in any inherently continuous process which must be modelled discretely,

there is a problem of measuring the variables and defining a meaningful period

of analysis. We chose to use quarterly values for Pt, Et, and the exogenous

variables FHFt, Ut, Bt/Wt, St. We believe that one year periods are too long

for capturing a diffusion phenomenon, but that monthly intervals are apt to

be too short given the administrative delays in getting into the program.

Hence, we compromised on quarters.

Data on the number of AFDC participant families by state (with the UP seg-

ment also reported separately) are available on a monthly basis so that quarterly

averages can be readily formed. The primary source is the U.S. Department of

Health, Education and Welfare Public Assistance Statistics. Annual data on

the number of female-headed families is available in published form for the

nation, and for each state -in the Census years 1960 and 19Z0, Since each

state's share of the natinnal total is known in 1960 and 1970, we performed a

linear interpolation to estimate the shares for the non-Census years. Quarterly

values are obtained by assuming a constant rate of growth between successive

annual observations. Data on the level of insured unemployment is available

for each state on a monthly basis from the U.S. Department of Labor Unemployment

Insurance Statistics. Average payments per family are also published monthly
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in the Public Assistance Statistics. Annual wage rate data in manufacturing

is published by the Bureau of Labor Statistics. We assumed constant quarterly

levels between annual changes. A preliminary set of consistent estimates of

state cost standard data was made available by the Social and Rehabilitation

Service, HEW.

III. DIFFUSION MODEL

In order to estimate the rate of diffusion, as expressed by (2), we in-

corporate the relationship for eligible families, (1), into (2) since data on

actual numbers of eligible families are not available:

(4) P
t
- P

t-1
= bP +cP +cP FHF

t-1 o t-1 1 t-1 t

+
c2P

DFHF +cP U +cP B/W +cP S + v
2 t-1 t t 3 t-1 t 4 t-1 t t 5 t-1 t t'

where b = -0, ci = ai 0, i = 0,...,5, and v
t
is an error term assumed to have

a zero mean and variance proportional to the square of Pt - Pt-1. This is

consistent with the assumption that in a model purporting to explain the level

of participation, the corresponding error term (due to measurement and specifi-

cation errors) increases with the level, let's say is proportional to the square

of the level. Hence, the error variance in a model explaining changes in the

level would be proportional to a difference of squares.

The model is exactly identified in the sense that the ai's and the S can

be uniquely inferred from the ci's so that the number of eligible families is

predicted by

(5) Et = co /-b + (c
1
/-b)FHF

t
+ (c2 ./-b)D

t
FHF

t
+ (c

3
/-b)U

t

+ (c4/7b)Dt/Wt + (c5/-b)St.

A ,55
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In any period, accordingly, we predict a rate of participation Pt/Et.

To eliminate the assumed heteroscedasticity of the error term in (4), we

rewrite the equation and estimate a percentage change rather than a level

difference:

(6) (Pt - Pt..1)/Pt_1 = bPt_i + co + ciFHFt

+cDFHF +cB/W + c_S + e
2t t 3t 4t t t'

where e
t
has constant variance. Moreover, the suspected presence of seasonal

fluctuations in the dependent variable beyond those accounted for by the in-

sured unemployment variable suggests that we introduce seasonal dummies into

the equation, DI, D11, DII1, Div where they are constructed to satisfy

c
6
D
I,t

+ c
7
D
II,t

+ c
8
D
III,t

+ c
9
D
IV,t

= 0. For convenience the dependent

variable is also transformed to express annual percentage changes, although

the underlying behavioral period is still the quarter. The final form of the

estimating equation is

(7) 41n(P /P = bit c + c FHF + c D FHF
t t-1' t-1 o 1 t 2 t t

+ c3Ut +c4Bt/Wt +c5St + c6DI, + c 7D_11_
t c8DIII,t c9DIV,t Et'

where the reader may recall from the calculus that (P
t
-P

t-1
)/P

t-1
= AP/P dP/P

for small changes, and that dP/P = dln(P) = 1nPt 1nPt_1 = ln(Pt/Pt_i).

IV. PARAMETER ESTIMATES AND STRUCTURAL CHANGE

In estimating (7) using ordinary least squares methods, we found that the

measure of the relative attractiveT,Ass of welfare, B/W, was highly correlated

-r E
,01
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with FHF so that precise estimates of both parameters was not possible. These

high correlations are consistent with the formation of program induced female-

headed families reported by Honig in cross-sectional work. The cost standard

and FHF variables were also collinear and, moreover, this apparently produced

negatively signed coefficients for S. This could also indicate that use of

the cost standard variable may reflect welfare policy reaction to the growth

in the number of participants rather than measuring the effect of increasing

cost standards upon participation. In view of the multicollinearity just des-

cribed, B/W and S were eliminated from the estimating equation.

We also tested the effects of alternative assumptions regarding the lags

with which participation responds to eligibility in (2) and with which eligi-

bility responds to the socio-economic variables in (1). In general, however,

estimates based on the alternatives were insignificant or of the incorrect

sign. Thus we conclude that E responds without lag to FHF and U, while growth

in participation is the result solely of current interaction of participants

and eligible nonparticipants.

Parameter estimates are presented in Table 1 for the twenty largest AFDC

states. In sixteen states, both the growth of eligible families and the diffu-

sion of information played important roles as indicated by positive coefficients

significantly different frbm'''2ero on one or more of the eligibility variables --

FHF, DFHF, U -- and a significantly negative coefficient on the lagged parti-

cipation variable, implying a positive coefficient of diffusion. Female-

headed families and the unemployment level were significant explanations of

eligibility growth in all but two of the sixteen, while in ten of them the

assumed structural change brought about by the "man-in-the-house" families

was of the expected direction and statistically significant.

2P7
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In the states of Massachusetts, New Jersey, New York, and Kentucky, diffu-

sion of information did not play a significant role (and in New York it even

operated insignificantly in the "wrong" direction), nor in general did growth

in the number of eligible families (with the exception of significant struc-

tural change in Massachusetts and New Jersey). In fact the unempAoyment level

appeared with the "wrong" sign in all fOur states. The possibility of more

pervasive structural changes in these states than that envisioned and incor-

porated into the DFHF variable was investigated. The explosive growth in AFDC

from approximately 1968-1970 may haVe been the result of compounding factors.

The drive to get people onto the rolls, eligibility for "man-in-the house"

families, and state policies whia produced falling rejection rates all came

together around 1967-1968. Since specification of the effects of all these

interactions was not feasible, we resorted to a more general hypothesis --

that of a change in the parameters in the underlying eligibles and diffusion

equations as between two periods rather than different variable specifications

in each period. The observation period was, therefore, divided la 1968 and the

parameter estimates for each subperiod are also reported in Table 1 for these

states with the earlier period denoted by "a" and the later period by "b".

In Massachusetts, the diffusion of information did not play a statistically

in either period. Growth in the number of eligible families

did play a significant role through FHF in both periods and U in the later period,

although female-headed families acted in the wrong direction in the later per-

iod and testing did not reveal this to be a case of multicollinearity. Parti-

tioning the observation period in New Jersey produced significant coefficients

of the correct sign for all the variables in the earlier period and wrong signs

on all the coefficients in the later period. Evidently diffusion and eligi-

259
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bility growth, as portrayed, were quite important into 1968 at which time a

structural shift'occurred which the model cannot explain. To determine if ,..he

brief experimentation with the UP program in 1969-71 was a factor, we excluded

these UP families and tested the model; the results were not altered. In New

York, just the reverse occurred. In the later period, diffusion and both

eligibility variables were significant factors, whereas in the earlier period

only the unemployment level was significant (and, in fact, the diffusion para-

meter has the incorrect sign). Exclusion of the UP segment in the earlier

period did not alter the results. Hence, there appears to have been a struc-

tural shift in 1968 which more nearly corresponds to our view of the AFDC

growth process than the relationships which prevailed in the earlier period.

In Kentucky, diffusion of informatien did not play a significant role in

either period, while growth in eligibility was significant in only the earlier

period.

The proportion of variance explained, R
2
, ranges from a low of 34 percent

to a high of 86 percent, with thirteen states betwccn 5U and 70 percent. In

thirteen of the states, the standard error of the estimate (S.E.E.) is smaller

than the mean of the dependent variable. The Durbin-Watson (DW) values indi-

cate significant positive serial correlation in half of the states and there-

fore large variance of the --coefficient estimates though the
estimates are un-

biased. Testing indicated that the autoregressive scheme was not a simple

first-order one, and so we hesitated to correct ..or the serial correlation in

view of the fact that so little is known about the result-111g estimates -- there

is no guarantee that the result is any better than the uncorrected estimates.
5

Finally, it should be noted that the seasonal dummies were statistically signi-

ficant as a group at the five percent level in only five states. Apparently

g")
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the insured unemployment variable accounted for any seasonal variation in the

number of participating families.

Having estimated growth in participation as a function of past participation

and the number of eligible nonparticipants, we can infer the Iderlying rela-

tionship between eligibility, female-headedness, man-in-the-house families,

and unemployment as described in (5) using the parameter estimates of (7). In

Table 2 these derived coefficients of (1) are reported along with their con-

fidence intervals. Confidence intervals for these parameters derived from the

ratios c /-b depend upon the variance of the numerator and denominator as well

as the covariance between them. Typically the intervals will be asymmetrical

around the point estimate. By the very nature of the variables we might expect

that increases in FHF, DFHF, and U would be associated with less than propor-

tionate changes in the number of eligibles. Indeed, this is the case for DFHF

and U. We found, however, that in most states (exceptions were Alabama, Louisiana,

New Jersey a., New York b., North Carolina, and Washington) an increase in the

FHF variable is associated with a relatively larger increase in the number of

eligibles. An explanation which is supported by the multicollinearity pre-

viously discussed is that the FHF variable reflects not only growth in female-

headed families but also increasing benefit levels, expanding state cost standards,

and other variables which undoubtedly contributed to eligibility growth but were

not included in the model as estimated.

V. HISTORICAL ANALYSIS

Rather than describe and plot the observed and predicted values of the de-

pendent variable over the period 1960-73, we thought it would be more valuable

and a better test of the model to track the observed values. The difference

2R1



Alabama

California

Florida

Georgia

Illisols

te6tucky.a

lieutoeky.b

Louisiana

Marylsad

ELIGIBILITY EQUATION
DERIVED PARAMETER ESTIMATES
Wail CONFIDENCE 1WILTVALS0,1

a, at
("17t)

- .648+4 .38

(-3.46E+4. 1.01E+5) (-1.81. .94)

2.16E+5 1.09
(°1.64E+5, 7.10E+6) (-1.55. 1.51)

- 6.84E+4 1.06

(-6.68E+4. -4.56E+4)(.84. 1.25)

8.88E+4 1.64

(-1.08E+5. -6.11E+4)(1.28. 1.90)

1.96E+5 1.65

(-2.628+5. -1.16E+5)(1.03. 2.23)

- 2.12E+5 5.94

)4.31E+4, 1.16E+5( ) -2.38, 1.93(

at
(P

I
en/

t
)

.32 .36

(.18, 1.05) (0.06. .83)

.24 .44
(.09, 1.14) (-.10. 1.16)

.07 .33

(.01, .17) (.09, .51)

.27 .27

(.18, .39) (.03. .45)

.08 .77

(-.09. .35) (.51s 1.26)

2.79E+5 - 2.15

)L2.27E+4, 9.30E+3( ).77, .77(

- 2.56E+4 .94

(°4.888+4. 2.74E+4) (.17, 1.35)

- 4.55E+4 1.41
(-5.86E+4, -3.44E+4)(1.22. 1.72)

Massachusetts.* - 1.05E+5 2.06

)4.034+4, 5.19E+4( ) -.33, 1.46(

Massachusetts-1s 6.45E+5 - 9.83

) -2.09E+5, 4.92E+4( ).03. 3.16(

Mississippi

Missouri

Nev Jersey.a

Nev Jersey.lo

Nev York.*

Saw Tork.b

- 1.888+ 2.12

(-3.15E+5. -9.66E+4)(1.21. 3.32)

- 4.10E+4 1.90

) -2.17E+5, 2.50E+6C ) -97.4, 1.33(

- 6.13E+4 1.42

(-7.94.:+4, -4.15E+4)(1.05, 1.74)

'9E+4 .76

(-4.63E+4, -2.26E+4) (.67. .88)

- 1.14E+6 8.33

)-2.372+5. -6.74E+401.22. 1.22(

7.40E+5 - 1.88
)-4.07E+5.-9.16E+40.95, 2.22(

.35E+5 .66

(- .11E +5, 1.33E+5) (.32. .83)

North Carolina - .48E+4 .30
(-2.74E+4, 5.46E+4) ( -.72, .63)

Ohio - 1.27E+5 1.47
(4.60E+51 -9.74E+4)(1.23, 1.76)

Pennsylvania - .97E+5 1.06
(-1.63E+5, 2.42E+4) (.12, 1.56)

Tennessee - 4.70E+4 1.20
(-6.23E+4, - 2.69E +4)(.84, 1.48)

Texas

Washington

.11111

.73

) -.33, .13(

- 3.36

).30, .30(

.25 .04

(.14, .58) (-.64, .31)

-.07
(-.17,

'.03
( -.28,

.23
.01) (.11, .48)

.11

)-.05, -.37(

2.29

)...12. .34(

.4,
.49) (.24, 1.09)

.14 - .01

)-28.8, .03()1.23, 1.48(

.14
(.04. .32)

.44

(.30, .61)

.06

(.01. .14)

1.58

).58. .58(

-1.31

9

41`

.18

)-.19. .17(

.29

(.20. .44)

.39
(.07, .63) (.22. .85)

.02 .18
(-.09, .08) (.11, .31)

.28 .22
(.15,

.14

.58) (.14, .36)

.33
(.06, .28) (.19, .47)

- 1.55E+5 1.25 .07 .38
(-1.90E+5. -1.03E+5)(.93, 1.50) (-.01. .20) (.03, .59)

- 2.37E+4 .84 .08 .22

(-3.61E+4, -3.06E+3)(.34. 1.15) (-.02, .26) (.13, .33)

Sae Z. Crilichts, "Distributed Eager A Survey." pongaetticii. JS. nri. 1.
January 1967. pp. 32-03. for a short discuiraon of the calculation." We
report 95 percent confidence interval.. For Kentucky a. and b.. Massachu-

Sett a. and b., lss1esippl, New Jersey b., and New Yolk a. the estimate
of b (0-0) fs not significantly different from zero at the five percent

level. Accocdingly, the confident* Lntrtvala obtained for the c1 / -b
patsoaters ore not closed co that confidence "non-interwdle are really

obtained. These are indicated with outward opening parentheses. For ex-

iling.. in Mississippi the chances are 95 to 5 that al to leso than -97.4

sad pastor than 1.3:.
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between this and calculating predicted values is that in tracking the number

of participants in period t, P
t'

we use the value of P
t

predicted by the

model rather than the observed P
t-1

as would be done in calculating predicted

values and residuals from the regression model. In other words, our ability

to track P
t
is a function of our ability to track Pt which in turn depends

upon our ability to track Pt etc. This can be seen by deriving from (7) an

expression for Pt:

(8) Pt = Pt_lexp(.25(bPt_1 + co + celiFt + c2DtFilFt + c3Ut+

+ c
7
D
II,t

+ c
8
D
III,t

+ c
9
D
IV,t

)1

The system is initialized by setting P19601 equal to the observed value and

tracking from 196011 through 19731. The value of P predicted in period t is

inserted on the right side of the equation when tracking in period t+1. For

the four states in which the observation period is split, the tracking is

reinitialized in 1968111.

In a comparison of the observed number of AFDC families and the tracked

values the model does an excellent job. Errors are rarely more than a few

thousand. Moreover, the model does a good job tracking downturns. As men-

tioned earlier, it accomplishes this by producing a negative (Et - Pt -1) which

when multiplied by a gives a negative perceixage change from period t-1 to t.

For example, consider the model's capability to track in a representative

state such as 1.1inois. In Table 3 we present data for the observed number

of participating families, the tracked values, the derived number of eligibles

(from (5)), an estimated rate of participation, and an estimate of the average

elapsed time between eligiblity and participation. Negative estimates of

$7.c.s.
4 o r-01
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eligibility, participation rates, and mean nonparticipation times are theo-

retically impossible and are replaced by asterisks when they occur. The same

information is presented graphically in Figure 1 to illustrate the logistic

nature of the AFDC growth process. Actual participation is plotted by "*",

tracked participation by "X", and derived eligibles by "0"; coincidence of

values is plotted by "$".6

For Illinois in the 1960-73 period there are 12 downturns in AFDC parti-

cipation -- 2 occur in 1962, 3 in 1963, 2 in 1964, 2 in 1965, and 3 in 1966.

Of these 12, the model successfully tracks the downturn in 8 cases. To work

through one case, participation fell from 56,516 families in 196411 to 55,271

families in 1964111. Correspondingly we find that the predicted number of

eligibles fell in 1964111 presumably from a decrease in unemployment so that

E1964I11
is less than the predicted number of participants in 196411, i.e.,

the pool of eligible nonparticipants is negative: 51,715 - 56,632; accordingly,

the predicted number of families falls from 56,632 to 56,481 in 1964111.

The derived number of eligible families is that estimate defined or con-

strained by (1) which most closely simultaneously supports the participation

behavior posited in (2). The estimates of E
t
are reasonable for all the states

with the exception of New Jersey in the later period and New York in the earlier

period.- In these cases one-or more of the estimated parameters in (7) are of

the incorrect sign and sufficiently important (relative to the other coeffi-

cients) to produce estimated E
t
's which are negative. However, these estimates

best explain participation and so we find that the corresponding tracked values

are quite close to the observed number of participating families. In many

of the states we note that there is a sizeable jump in E at observation 35

(1968111). This corresponds to the assumed increase in the number of eligible

2C5
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families brought about by the "man-in-the house" families and signalled by

DtFliFt.

Unless there is fraud, estimates of the rate of participation should not

exceed unity, but as mentioned already when following downturns the pool-of

eligible nonparticipants becomes negative (Et - Pt-1 < 0) so that we may find

the corresponding rate of participation (Pt/Et) larger than unity. Accordingly,

in order to obtain an overview of the trends, if any, in participation rates

over the period, we must exclude periods during which participation has been

falling and also discount the fall in participation rates which corresponds

to the jump in E in 1968111.

Thera are four basic patterns discernible. In California, New Jersey,

Pennsylvania, and Maryland rates of participation have unambiguously increased

in the period. In ten of the states (Florida, Louisiana, Massachusetts, New

York, Alabama, Mississippi, Missouri, North Carolina, Tennessee, Washington)

the rate of participation is constant to increasing. In Georgia, Michigan

and Texas the rate of participation declines and ubsectuently increases during

the period. Illinois, Ohio, and Kentucky are characterized by fluctuating

rates without a dominating trend. These patterns, along with the estimated

parameter results, suggest that not only was diffusion of information a factor

in explaining the growth inngiticipation levels but also in-many of the states

it manifested itself in increasing rates of participation.

Finally, the last column of Table 3 reports the mean nonparticipation

time, i.e. (8P
t-1

)
-1

, in years in Illinois. It should be noted that we observe

a falling series in all states
7 which reflects rising participation levels and

hence increasing probabilities of contacts between participants and eligible

nonparticipants.

f'7
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VI. CONCLUSIONS

The significant growth in the number of families participating in the

AFDC program during the 1960's has been attributed to growth in both the number

of families eligible for the program and the rate of participation by those

who are eligible. In this paper, we have developed a two equation model of

AFDC participation which allows for both change in the number of eligibles

and in the participation rate over time. The ntuaber of families eligible for

AFDC in a state is assumed ultimately to be a function of the number of female-

headed families and the level of unemployment. Participation is then assumed

to be the result of the diffusion of information regarding the existence of

the program from those participating to those who are not but who are eligible

for the program.

Since the number of eligibles is not directly observable, the eligibles

equation was substituted into the diffusion equation and the parameters of the

resulting equation estimated by ordinary least squares. Separate parameters

were estimated for twenty states, which account for 85 percent of AFDC parti-

cipation, using quarterly time-series data for the period 1960 through 1973.

With a few exceptions, growth in the number of eligible families and the

diffusion of information played statistically significant roles in explaining

the growth of AFDC in each state.

The model was evaluated by using the estimated equation for each state to

predict AFDC participation (during the period of estimation) given only the

actual values of the variables in the implicit eligibles equation and an

initial value in 19601 of AFDC participation in the stet - For almost every

state, the model does an excellent job, tracking not only upturns but also
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downturns -- when they occur -- as well. Moreover, the model not only predicts

participation during the period, but also estimates eligibility as well. For

one group of states we observed an increasing rate of participation over time;

for a second group, a constant to increasing rate; for a third group a rate

that declined and subsequently increased; and for a fourth group a rate that

fluctuated. Changes in the participation rate influenced the level of parti-

cipation in most of the states and we conclude, therefore, that the diffusion

of information along with the growth in eligibility has played an important

role in explaining the growth of AFDC.

We believe that the model would be significantly improved if eligibility

was derived not from a single reduced form equation but from a system of

structural equations describing the interaction between AFDC eligibility and

labor supply. Neverotheless, the time-series model in its existing form both

demonstrates the importance of the diffusion of information regarding a gov-

ernment program in determining its effect and does a better job of explan-

ation than previous cross-section models.

269
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1. The top twelve states are: California, Florida, Georgia, Illinois,
Louisiana, Massachusetts, Michigan, New Jersey, New York, Ohio, Penn-

sylvania, and Texas. The remaining eight are: Alabama, Kentucky,

Maryland, Mississippi, Missouri, North Carolina, Tennessee and Washington.

2. The states - among the twenty analyzed - which adopted a UP program are

Illinois (1961- ), Massachusetts (1961- ), New York (1961- ), Penn-

sylvania (1961- ), Maryland (1961- ), Washington (1961-62, 1963- ),

North Carolina (1962-63), California (1964- ), Michigan (1964- ),

Ohio (1964- ), Missouri (1968-71), New Jersey (1969-71).

3. See the conceptual and empirical analyses by Brehm and Saving [3] and

Kasper. [9].

4. Change and the diffusion of information is an important concept in the

social sciences. In an early econometric study Griliches [6] employed

logistic growth functions (essentially the integral of the rate of change

formulation used in this paper) to study past and current rates of the

use of hybrid corn in various districts in the U.S. In sociology, Hamblin

Jacobsen, and Miller [7] describe the forms of social adaptation, diffu-

sion, and innovation processes which characterize social change and

empirically test their propositions. Bernhardt and Mackenzie [1] formu-

late diffusion models to study the marketing of new products.

5. See R. Wonnacott and T. Wonnacott, Econometrics, New York: John Wiley

and Sons, 1970, pp. 132-143, for a discussion of problems arising from

serial correlation.

6. Tables and figures analogous to Table 3 and Figure 1 are available for
all twenty states upon request from the authors.

7. In Kentucky and Massachusetts there is a jump between the "a" and "b"
periods because B(a)n(b).
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THE PERSONAL INCOME TAX AND FAMILY LABOR SUPPLY

by C. Duncan MacRae and Anthony M.J. Yezer

Abstract

This paper demonstrates that labor supply effectd of a pro-

gressive income tax on a multi-worker family can be analyzed

as a combined wage tax and income transfer specific to each

tax bracket. The wage tax equals the marginal rate paid on

family income while the income transfer equals net savings

from not having to pay tax at this high marginal rate on all

earnings. At intervals where tax rates change the family

departs from its reduced form supply equation entirely.

These results limit the implications of survey research and

suggest modifications in procedures for estimation and simu-

lation of supply relationships.
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THE PERSONAL INCOME TAX AND FAMILY LABOR SUPPLY*

by

C. Duncan MacRae Anthony M.J. Yezer

The Urban Institute George Washington University

The traditional theory of family labor supply based on utility maximi-

zation subject to a budget constraint implies that there is a reduced form

relationship between hours supplied by family members and the market wages

of individual workers and family non-labor income. Using this theory, Kosters

[11] has analyzed effects of the personal income tax on family labor supply

by converting the tax into a change in wage rates at the marginal tax rate.

This technique is appropriate for a proportional tax but not for a proiressive

income tax in which average and marginal rates diverge.

Using other approaches to the determination of labor supply behavior, Hall

[7] and Wales [12] have developed appropriate procedures for dealing with the

effects of a personal income tax. Hall develops a adel in which labor supply

is a function of primary and secondary worker wages and family whole income,

where whole income is the sum of non-labor income and family earnings calculated

under the assumption that each worker is employed full time. Hall adjusts

for the presence of the personal income tax by interpreting the tax as a com-

bined wage tax at the marginal tax rate and lump sum tax reducing whole income.

The lump sum tax is equal to the total tax that would be paid if gross income

were equal co whole income and if the prevailing marginal tax rate remained

conrcant for all higher levels of income. Following Cooper [5], Wales [12]

Imndlea a progressive income tax by maximizing an explicit utility function

for a single worker family subject to a budget constraint that includes the tax

schedale. He rejects the reduced form estimation approach, because "it is not

clear how the after-tax wage rate and the gross wage rate would be incorporated

in an ad hoc reduced form regression analysis."
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The purpose of this paper is to present the generalized analysis of re-

duced form labor supply functions in the presence of a progressive income tax.

We demonstrate that within income intervals for which the marginal tax rate

is constant the family supplies labor as if it were subject. to a wage tax

combined with an income transfer. The wage tax is equal to the marginal tax

rate on family income while the income transfer is equal to net tax savings

from not having to pay tax at this marginal rate on all earnings. At boundaries

between intervals, where there is a discontinuous change in marginal tax rates,

the income tax cannot be translated into a change in wage rates or unearned

income because family labor supply is not based on the equality of marginal

conditions for utility maximization. Instead, the utility-maximizing labor

supply is that which maintains constant family income .at ,he boundary.

In the first section of the paper, single worker families are analyzed.

The results are extended to the case of a multi-worker family in the second

section. Finally implications of the theoretical analysis for empirical esti-

mation and simulation of labor supply functions are drawn.

I. LABOF SUPPLY OF THE SINGLE-WORKER FAMILY

The family labor supply model is based on a family utility filnction with

total income and hours of leisure of all family members as arguments., In

general not all family members can be regarded as potential workers. Child

labor laws, other institutional restrictions, and the prevailing structure of

wage rates make participation by some family members extremely unlikely. The

analysis in this section considers a family with only one potential worker. The

family utility function implicitly assumes a social welfare function intet,tal

275
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to the family unit weightins utility of all family members so that we can write:

(1) U = U{L,Y},

where L is leisure of the single potential worker and Y is real family income.

The family utility function generates indifference curves in (L,Y) space, as

shown in Figure 1.

The family is asst. ad to supply labor so as to maximize utility subject to

a budget constraint specifying attainable combinations of income and leisure:

(2) Y = W(K-L) + Y
n

= WH + Y
n

,

whey. W is the worker's market wage, H is the number of hours worked, K is the

number of potential hours available for work and leisure, and Yn is unearned

income. Equation (2) describes the family budget constraint under the implicit

assumption that each worker faces a single market wage known with perfect cer-

tainty and the level of work effort is completely flexib.e. Workers may have

some difficulty choosing the hours they work. But ever a period of one year

they can always adjust their ,.erage level of work effort through periodic

withdrawal frOm the labor force so that the actual number of hours worked is

flexible. Housework and other home labor services are regarded as a component

of leisure activity increasing family utility in a manner analogous with other

uses of leisure time. The process of maximizing family utility subject to a

budget constraint such as (2) is illustrated in Figure 1 by the tangency of

indifference curve 1
2
with budget line abc.

(3) H = K-L =

o
VI
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Figure I

Budget Constraint Of A Single-Worker Family Gross

And Net Of A Progressive Income Tax
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The influence of wages on labor supply consists of the familiar combination of

a compensated wage rate effect known a priori to be positive and an income effect

based on changes in earnings presumed to be negative if leisure is not an in-

ferior good. Empirical estimates of equations such as (3) indicate that the

uncompensated wage rate effect often varies inversely with wages, becoming

negative at high wage rates and, hence, producing labor supply curves that bend

backward at high wage rates.

Now consider the imposition of an income tax whose marginal tax rates increase

with gross income. If t is the marginal tax rate associated with gross income

G in the interval between Gi
and G

t 1
for i = 0,1,..., we can express total tax

liabilities, T
i'

associated with this level of gross income as:

i-1

(4) T = t (G G
i
) +

jIl

t.(G. - G.
1
) = ti(G - G

i
) + T

i-1
1G
i
1

'
J 3-

where Ti1G is the total tax liability associated with gross income G, Ti_1(Gi)

is the total tax liability on gross income up to Gi and G is gross income such

that I
>G>G

i
and T

0
= CO = 0.

Although no explicit attention will be given to exemptions, deductions or

adjustments in gross income impoitant in the calculation of taxable income, such

adjustments can be incorporated in the analysis by appropriate choice of marginal

tax rates and gross income interval to which they apply. For example, exemptions

can be interpreted as a marginal tax a zero rate on the interval of gross

income equal to the value of exemptions.

In the presence of an income tax, families maximize utility of leisure and

after-tax income. The relevant budget constraint is a piecewise-linear curve

with each linear segment corresponding to a range of gross income over which
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marginal tax rates are constant. Thus for a family whose gross income, G, is

in the range where marginal tax rate ti is applicable, G..
1+1

>G>G
i
, the budget

constraint becomes:

(5) Y = (1-t )(G-G ) + (G
i
-T.

-1
{G
i
}).

i-1

Note that T
i-1

{G } = t (G - G ), which is the sum of tax payments at the

j=1 3-1

marginal rates in lower income brackets.

Since gross income is the sum of earnings and non-labor income, (5) can be

rewritten in the form usually associated with a budget constraint:

(6) Y = (1-ti)W11 + Yn + ti(Gi - Yu) -

In (6) the income tax is shown clearly to consist of a wage or earnings tax at

the marginal '..ax rate, ti, and an income transfer equal to the difference of

taxes that would have been paid if the rate t
i
applied to all earnings, ti

(G
i
-Y
n
),

and taxes actually paid, Ti_i{Gi). This is a surrogate income transfer in the

sense that, over the ith gross income range, the family acts as if non-labor

income was increased by ti(Gi-Yn) - tii Gi . The after-tax budget line for an

income tax with marginal rate equal to zero for gross income below G1, and

equaling t1 elsewhere is illustrated by line abde in Figure 1. The equivalent

wage tax and income transfer for families with gross income above Gi are t
1

and t1(G1-Y
n
), respecitvely.

First order conditions for a maximum of utility with respect co leisure and

after tax income generate labor supply functions incorporating the wage tax and

income transfer appropriate for each level of gross income. Thus for the in-

terval of gross income for which equation (6) gives the appropriate budget
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constraint, labor supply is given by:

(7) H
i

= 111(1-t )W, 7n + ti (G
i
-7n) T

i-1 {G
})

Following (7) both linear segments bd and de of budget line abde in Figure 1

generate labor supply functions

(8) Hbd HI/4'7n/

and

(9) Hie
Hu-tim ti(Gfe)}.

The supply function associated with tangency solutions on the line segment bd is

shown by equation (8) to be equivalent to the initial labor supply relationship

given by equation (3). In contrast, equilibria on the upper segment of the

budget line, de, are shown by equation (9) to fall along a supply function

incorporating a wage tax at rate t1 and an income transfer of ti(G1 7
n
). Figure

2 shows that the manhours, Hde'
associated with equation (9) are displaced from

H
bd

b. -1 uncompensated wage rate effect that shifts the supply curve vert4.cally

upward and an income transfer shifting the curve to the left, if leisure is not

an inferior good.

At point d on budg.:-. line abde, where gross income is equal to Gl, the

derivative of after-tax income with respect tr 1 sure is not defined. Any number

of indifference curves whose slope varies from -W to - (l -t1)W may be tangent to

the budget constraint at the kink where gross income equals Gl. Marginal con-

ditions for a maximum of utility will not be satisfied by such tangencies re-

sulting in a range of wages over which the family is not on a supply curve of

the form implied by equations (8) or (9). At these wage rates the family will
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Figure 2

Labor Supply Of A Single-Worker Family Subject To A

Progressive Income Tax

abd H(W, Yn/

H
de

= H((1 - t
1 )W '

1.11

1'

(G

1
n)}
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find an equilibrium labor supply where gross income equals G
1,

producing a

constant earnings labor supply relationship:

(10) H = (G1-Yn)/W.

Equation (10) is shown in Figure 2 to be a rectangular hyperbole connecting the

two supply curves Hbd and Hde. Thus after-tax labor supply consists of a seg-

ment along Hbd until earnings, WHbd, equal (G1-Y
n
); followed by a "jog" along

the constant earnings supply curve H = (G1-Yn)/W; and then by a segment along

Hde beginning at the wage rate where WHde equals (C1.-Y
n
). We have illustrated

the effect of a two-internal income tax, but it should now be obvious that the

effect of a multiple-interval tax follows in like manner with a succession of

segments joined by constant earnings jogs formed by rectangular hyperbolas.

II. LABOR SUPPLY OF THE MULTI-WORKER FAMILY

The multi-worker family t-is more than one potential worker. We shall consi-

der the case of two potential workers, one primary worker and one secondary

worker, which can be generalized to include additional workers. The algebraic

analysis of family labor supply is already well established but the diagrammatic

exposition presented here is most useful for interpretation of the effects of

a progressive income tax. The family utility function has the same basic

properties as in the single worker family analysis except that utility is maxi-

mized with respect to leisure of both the primary and secondary worker, LP and

L
s

respectively:

(11" U = U{LP,Ls,Y).

;
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The family utility functic n generates a family of indifference surfaces in

(LP,Ls,Y) space.

Family utility is maximized subject to a budget constraint which in the

absence of a tax sets income equal to the sum of earnings from all family mem-

bers and non-labor income:

(12) Y 22. (K-LP)W11 + (K-Ls)Ws + Yn,

where K is total hours available for work and leisure, WP and Ws are wage rates

of primary and secondary workers respectively, and Yn is non-labor income. The

budget constraint defines a two dimenstional plane in LP, Ls, Y space whose

slope is -WP in the (L',Y) plane and -Ws in the (Ls,Y) plane. When LP and Ls

are both equal to K, the plane passes through (K,K,Yr) and when LP..Ls=0 it

passes through (0,0,wpe+wsKs+ Yn).

Figure 3 shows the budget plane along with an equilibrium tangency with an

indifference surface in (LP,Ls,Y) space. First order conditions for a maximum

of utility for L', Ls, and Y yield a familiar expression for manhours worked by

primary and secondary workers:

(13) HP ¢ K-LP = HP{WP,Ws,Yn)

and

(14) H6 = K-Ls = HP(Ws,WP,Yn}.

The wage terms in (13) and (14) influence labor supply through both a compensated

wage rate effect along an indifference surface and an income effect based on

earningt. of each individual, equivalent to the effect of non-labor income on
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Figure 3

Equilibrium Tangency Of A Budget Constraint And An Indifference

Surface Of A Multi-Worker Family

- Indifference Surface

wsK
Yn

Equation Of The Eudget Plane:

Y = WPHP + Wslis + Yn

K+ Yn
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labor supply.

The introduction of a progressive income tax greatly modifies the income-

leisure possibilities facing the family by making net wages endogeneous. The

budget surface is composed of a series of planes, each of which is uniquely

related to a particular tax bracket in which the marginal tax rate is constant.

These individual planes are displaced from one another by a wage tax at the mar-

ginal tax rate and an income transfer equal to the difference between total tax

payments that would be forthcoming if the marginal tax rate applied to all in-

come and taxes actually paid.

Consider the budget plane associated with marginal tax rate ti, which applies

to gross income levels in the interval between G
i

and G
1+1'

Letting G represent

any level of gross income such that GileG>Gi, we can express after-tax income,

Y, as

(15) Y = (1-ti)(G-Gi) + Gi -

which, of course, is the same as (3).

Gross income can be written as the sum of earnings of both workers and non-

labor income; (15) can be rewritten in the fora usually associated with a budget

constraint.

(16) Y = [(1-t )WPPIP + [(1-t )Ws]lis + [Yn + t
i
(G

i
-Yn) E t (G -G

J-1
)]

i+1 J

as (1-ti)Wp (1-t
i
)Ws while the income

transfer necessary to generate this particular budget plane is the difference of

taxes that would have been paid if the rate t
i
applied to all earnings t (G -Y

n
),

i-1

and taxes actually paid, Z t.(C -G ) Equation (16) defines the plane whose

j

2R5
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slope is -(1-t )W
p

in the (LP,Y) plane and -(1-t )W
s

in the (L
s
,Y) plane and

whose height when L =L 8=K is the sum of non-labor income and the income transfer.

This is but one of a series of budget planes each associated with the range of

income in which a given marginal tax rate applies.

Figure 4 illustrates the budget surface of a family facing a two-interval income

tax with a zero marginal tax rate on gross income below G
1
and a positive marginal

tax rate of t
1
otherwise. At levels of gross income below G

1
the budget surface

coincides with plane abed generated by the pre-tax budget constraint:

(17) Y = WPHP + Wslis + Yn.

When gross income exceeds G
1'

the relationship in equation (16) can be used to

write 'he after-tax budget constraint in terms of a wage tax and income transfer:

(18) Y = [(1-ti) WP]IP + [(1-ti)Ws]Hs + [Yn + ti(Gi-Yn)]

The plane wxyz in Figure 4, drawn with a slope of -(1-t1)WP in the (LP,Y) plane and

with slope -(1-t1)Ws in the (Ls,Y) plane, forms the after-tax budget surface relevant

for gross incomes above Gl.

Maximizing utility of income and leisure subject to budget constraint (13)

yield:, labor supply functions for the primary and secondary 'aridly workers identical

to the pre-tax case:

(19)

and

Ha K-LP = HP{WP,Ws,Yn}
a a

Ha
a

S = K-LS a
Hs[ws.wp,yn)

The subscript a on HP
a a
and H

s
indicates that labor supply is given by an equilibrium

tangency on budget plane abcd. Similarly maximizing utility on budget constraint

(18) gives labor supply associated with tangency solutions on plane wxyz:

(20) HP = K-LP = HP{(1-t
1
)14P, (1-t

1
)149, Yn +t

1
(G

1
-Yn)}
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Figure 4

Budget Constraint Of A Multi-Worker Family Subject To A

Progressive Income Tax

x

b
t

/
/

I
/

/
/

/

Income

K+Yn

WsK + Y .
.

I
. Y

n
+t

1
(G

1
-Yn)

Equations Of Budget Planes And The Intersection Line

Plane abcd: Y = WPHP + WsHs + Yn

Plane wxyz: Y = (1-1.1)WPHP + (1-ti)WsHs + Yn + ti(G1 Yn)

Line AA': Y = Gi = WPH° + WsHs + Yn
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H
s

= L-Ls = Hst(1-t
1
)Ws

'

(1-t
1
)WP

'

Yn +t
1
(G

1
-Yr)}

For given WP, Ws, and Yn, (L9) and (20) i determine the equilibrium levels of

primary and secondary work hours implied by a tangency solution on planes abed and wxyz

respectively. In order to simulate or predict labor supply in the presence of an

income tax based on given primary and secondary supply functions it is necessary

to calculate gross family income implied by both (19) and (20). If both

W
pp
Ha + W

ssH + Yn and WPHP + Wslis + Yn are less than G
I

then labor supply
a

is given by (15) with a tangency on the portion of the budget surface in plane

abed. However, if both inequalities are reversed, equilibrium is found on the budget

surface lying in,plane wxyz and labor supply is given by equations (16). Other

possible combinations of inequalities indicate equilibria on the line G1=Y and

raise special problems which will be discussed below.

Within the gross income intervals where marginal tax rates are constant, the

after-tax budget surface has been shown to consist of a section of the appropriate

budget plane embodying the wage tax and income transfer associated with the

marginal tax rate. These budget planes intersect in lines along which the sum of

net earnings and non-labor income is equal to the after-tax incoire where marginal

tax rates change, G -T {G ). FiguLc 4 illustrates such an intersection between

budget planes generated by an income Lax. The line AA' in Figure 6, along which

after-tax income is G
1
-T

0
{G.) or G iu a locus of points at: which the after-tax

budget surface is not differentiable. Marginal conditions for a maximum of utility

for family leisure and income are not satisfied at the intersection of after-tax

budget planes. All planes whose slope varies from -(1-T1)0 to WP in the (LP,Y)

plane and from -(1-t1)Ws to W in the (L
s
,Y) plane could pass through (contain)

the line AA' and form an equilibrium tangency with an indifference surface along AA'.

There will be a range of wage rates for which tangency solutions occur on sure

planes containing AA' but which do not coincide with any of the planes that are



part of the budget surface. Labor supply over such a range of wages is given by

a constant-earnings supply-relationship:

(21) G
1

WpHp + WsHs + Yn .

Of course, (21) is the equation of the line AA'.

Marginal conditions for a maximum of utility used to generate labor supply

functions such as (19) and (20) are not operative along the constant earnings

supply relationship. The range of wage rates for which labor supply follows

equation (21) is determined by eliminating cases in which an equilibrium could

occur on the portion of a plane which is part of a budget surface. But if

+ WS
s

a
H + Yn is greater than or equal to G

1
and WpHp +W Hs + Y

n
is less than'

a

or equal to Gl, neither tangency occurs on the section of the relevant planes

within the budget surface. For wage rates and non-labor income producing such.

ineqUalities, family labor supply is given by a constant-earnings supply rela-

tionship.

Along a constant-earnings labor supply relationship all family members are

off their behavioral labor supply curves defined by first-order conditions for a

maximum of utility. The income tax produces a programmatic interaction between

labor supply decisions of family members, provided that joint returns are filed.

A complete specification of the family utility function is necessary to determine

the mix of primary and secondary workers hours long the constant earnings rela-

tionship. In the absence of such knowledge, only the weighted sum of manhours is

determinant, with weights proportional to relative wages and earnings constrained

to a constant value.
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III. IMPLICATIONS FOR ESTIMATION AND SIMULATION

.Empirical inquiry into labor supply in the presence of existing progressiVe

income taxes has takefi two forms. Survey, research has been used to determine

iiatiriaol perceptions of incentive effects. Econometric estimates of labor

.supply funttions have been performed with data on workers subject to an income

tax.

'Survey research from the classic study by Break [3] to the recent work of

Fielda,andStanbury/[6], Hoskin [2], and Holland [8] interprets the incentive and

disincentive effects in terms of the respective income and suhstitution effects

of a-wage tax at the marginal tax rate. The ratio of disincentive to incentive

effects is often found to rise with income and hence with the marginal tax rate.

This is analyzed as the result of a rise in the substitution effect relative to

the income effect associated with a fall in the price of leisure. However, the

analysis presented above illustrates that high marginal tax rates are associated

with large income transfer effects, given the structure of progressive income

taxes. The income transfer produces a disincentive effect of its own which re

inforces the compensated wage rate - effect and contributes to the tendency for

the ratio of disincentive to incentive effects to rise with income. The relation

ship between gross income and the size of the income transfer is totally dependent

on the exact structure of marginal tax rates. Thus the survey approach does not,

as if often claimed, yield information on the effect of high marginal tax rates

On work incentive. It only gives an insight into the effect of high.marginal

rates in the context of the particular progressive income tax structure to which

the respondent is subject. To the extent that incentive and disincentive effects

appear to be offsetting when both income and marginal tax rates are high, our

1
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analysis suggests that families are on the backward bending portion of their

supply curves so that a wage tax raises hours supplied while the associated in-

come transfer lowers hours. The net effect may well be to leave after-tax hours

equal to labor supplied in the absence of an income tax.

An extensive literature of econometric estimates of reduced form family

labor supply functions has developed in recent years including the work of

Kosters [10, 11], Kalachek and Raines [9], Cohen, Rea, and Lerman [4], and

Ashenfelter and Heckman [1]. With the exception of an ex post test for the

magnitude of bias by Cohen, Rea, and Lerman [4], the effects of wage taxes and

income transfers implied by the tax structure are not taken into account. The

effect of ignoring the wage tax and income transfer adjustments, both of which

increase at higher marginal tax rates, is to have gross wages overstate after-

tax wages and non-labor income understate the sum of non-labor income and tle

appropriate income transfer by increasing amounts as wages and income rise. Such

an omission would bias the absolute value of estimates of uncompensated wage rate

effects downward while the income effect based on non-labor income would be biased

upward. These sources of bias can be eliminated by transforming wage and income

data for families to incorporate the appropriate wage tax and income transfer

based on gross income before the estimation. Such transformations are possible

because families reaching equilibrium solutions on budget surfaces formed by

planes such as abcd or wxyz have the same behavioral labor supply functions,

distinguished only by taxes and income transfers.

Fundamental problems for the estimation of underlying labor supply functions

from data on families subject to an income tax are raised by the presence of

constant earnings supply relationships. These difficulties arise because there

is no combination of wage taxes and income transfers which can transform the
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arguments of the labor supply function based on marginal conditions to reflect

behavior when families are not satisfying these conditions. In the absence of

a transformation which can adjust observed data to return families to c common

supply function, unbiased estimation requires that observations on families

with_gross income, at or near level where marginal rates change be dropped from

the sample.
1
Observations on families with gross income well within intervals

where marginal rates are constant should be modified to include the appropriate

wage tax and income transfer.

The analysis presented above indicates that estimation of labor supply

relationships in the presence of an income tax requires extensive transformation

of wage and income data. However, even assuming that an estimate of the true

parameters of the supply function is obtained, simulation of supply responses to

a reform in the income tax requires special attention.
2

The labor supply function

associated with each interval of gross income in which marginal rates are constant

must be generated by noting the appropriate wage tax and income transfer effects.

Thus to simulate multi-worker family supply response to the personal income tax

one would first have to generate the supply functions in equations (19) and (20).

Then the gross income associated with hours supplied by family members facing

given WP, Ws, and Yn must be calculated using each pair of supply equations.

This calculation gives the gross family incoble associated with an equilibrium

tangency on each plane which comprises the budget constraint. But we must deter-

mine whether the equilibrium is on a segment of the plane which makes up the bud-

get surface or if the tangency occurs elsewhere on the plane. There is a simple

test for the relationship between the point of tangency with each plane and the

budget surface. The tangency solution is on the budget surface if and only if

gross income defined by the tangency solution and calculated from the associated

primary and secondary supply equations lies within the interval of gross income

;., 92
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for which that plane forms the relevant constraint on after-tax income.

There are two possible outcomes of the simple test for gross income implied

by each pair of supply equations. If one pair of equations gives gross income

consistent with the interval for which the wage tax and income transfer effects

in the equations is relevant, labor supply is determined by the single pair of

equations that pass the test. A second possibility is that no pair of equations

can be found which yield gross income which is consistent with the interval for

which the equations are appropriate. This indicates the presence of a tangency

solution on a line which generates a constant earnings supply relationship.

The existence of constant earnings supply relationships implies a funda-

mental limitation on the ability to simulate family work effort in the presence

of an income tax. Along a constant earnings relationship, the mix of primary

and secondary worker hours is determined only through detailed knowledge of the

family utility function. In practice only the weighted sum of hours can be

simulated, with weights determined by relative wages and the sum constrained to

equal total earnings. This reflects a fundamental difference between the single

and multi-worker family labor supply models. Programmatic interaction in the

labor supply decision introduced by an income tax makes the mix of multi-worker

hours interdependent along constant earnings supply relationships.

293



7.21

IV. CONCLUSIONS

The diagrammatic analysis of family labor supply developed here provides

a useful vehicle for analyzing the special effects of personal income taxes.

A progressive income tax is translated into a series of wage taxes and income

transfers in order to predict labor supply response of families whose gross

income falls in a region where marginal tax rates are constant. Labor supply

depends on the structure as well as the size of marginal tax rates. Survey

research on work effort in the presence of an income tax does not separate

the supply effects of the marginal tax rate from those of the income transfer

implied by the prevailing rate structure. At levels of family income, where

marginal tax rates change, family labor supply falls on "constant earnings"

supply relationships along which earnings are fixed but the mix of hours supplied

by various family members can only be determined from the family utility func-

tion. In contrast to results for gross income intervals where marginal rates

are constant, analysis of "constant earnings" supply relationships demonstrated

that there was no transformation combining a wage tax and income transfer which

could describe labor supply in terms of behavioral labor supply function based

on marginal conditions for utility maximization.

The theoretical points made here have significant implications for econo-

metric estimation and simulation of family labor supply in the presence of the

personal income tax. A series of special adjustments in the data, including

omission of some observations and transformation of wage and non-labor income

observations, is necessary for unbiased estimation of reduced form labor supply

functions. None of the previous studies surveyed have attempted such adjustments.
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Simulation of family supply responses to new' or existing income taxes

requires that wage tax and income transfer effects be incorporated in the

analysis. In some ranges family labor supply is interdependent so that only

detailed knowledge of the underlying family utility function can separate

the mix of primary and secondary worker hours. The final effect of given

marginal tax rates on labor supply depends on the entire structure of the

personal income tax.. It is this structure which determines the income

transfer effects associated with any given marginal tax rate.

14
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1. Wales (12) found it necessary to exclude observations near boundaries

from his sample. His observation that such exclusion may not be

necessary for reduced form models is not accurate.

2. Kosters (10) simulates labor supply effects of the personal income tax

as a wage tax at the marginal tax rate. Other authors are not so

explicitly concerned with the personal income tax but they do discuss

effects of wage taxes at alternative marginal tax rates.
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WORK EFFORT, HUMAN INVESTIONT AND THE INCOME TAX

by C. Duncan MacRae Lad Elizabeth C. MacRae

Abstract

A model of individual human capital accumulation is applied in

this paper to the analysis of the effects of a progressive in-

come tax with a given level of income exempted from tax and a

constant marginal tax rate. It is shown that the effects of

changes in the tax parameters can be described in terms of

intertemporal substitution and income effects. Given an in-

crease in the tax rate, if the intertemporal substitution

effect dominates, then the individual substitutes income in

the early stages for income later in the life cycle. If the

intertemporal income effect dominates, however, the individual

spreads the life cycle income reduction over all stages.

Similarly, given an increase in the exemption level, if the

intertemporal income effect dominates, the increase in total

income is spread over all stages; if the intertemporal sub-

stitution effect dominates, income just before the taxable

stages is substituted for income in all other stages.
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8.1

WORK EFFORT, HUMAN INVESTMENT, AND THE INCOME TAX*

by C. Duncan MacRae and Elizabeth Chase MacRae

The Urban Institute University of Maryland

The traditional analysis of the effect of the personal income tax ou

work effort is based on the static income-leisure model of behavior. The

individual is assumed to allocate his time between labor and leisure so as

to maximize the utility of income and leisure subject to a budget constraint

which fo determined by the individual's wage rat and unearned income. The

income tax is then analyzed by translating it into an effective change in

the budget constraint.
1 As useful as this analysis :Is, it ignores the al-

ternative to work effort of allocating time to human capital accumulation

and, thereby, increasing the wage available to the individual. Indeed this

alternative may be more important in determining woxk effort than is the

allocation of time to leisure activities.

The purpose of this paper is to apply a dynamic human capital model
2

to

the analysis of the effect of the income tax on work effort and human invest-

ment. The individual is assumed to allocate his time between earning income

and accumulating capital so as to maximize the utility of income over the

life cycle subject to a budget constraint relating income and investment to

human capital through the wage rate and a production function for human capital.

The amount of time allocated to leisure is assumed to be constant. Life-cycle

behavior under the income tax is then analyzed with the aid of optimal con-

trol, theory. The paper concludes with a comparative dynamics analysis of

the effects of a change in the marginal tax rate or the level of ,ncome

exempted from tax.

3r 0
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I. WORK- INVESTMENT MODEL

In this section a model of human capital accumulation by an individual

subject to an income tax is developed. We begin by stating the time allo-

cation problem over his life cycle and then characterize its solution with

the aid of the maximum principle.

Time Allocation Problem

By definition an individual's gross income, G, is equal to the sum of

his earned income W2., and his unearned income, Y:

where W is the individual's wage rate, and 2, is the proportion of non-leisure

time allocated to work (0041); both Yn and the amount of time allocated to

leisure are assumed to be given and constant over time.
3 The wage rate is

not taken as given but is assumed to be the product of the market rental on

human capital, w , and the stock of capital possessed by the individual, K:

where w is assumed constant throughout the life cycle.

The personal income tax is applied on earned and unearned income without

distinction but subject to an exemption E so that net income, Y, is given by

where the tax function T{G} = 0 for G<E and T{G} = a(G-E) otherwise, where a

is the given constant marginal tax rate. This piecewise linear tax function

corresponds to the typical progressive income tax save only that there are

more segments in the typical tax.
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Human capital can be acquired through formal schooling or on-the-job-

training.
4 In either case, the production of human capital is assumed to

occur under constant returns to scale so that gross investment, I, is given by

(1.4) I = (1 -k)yK,

where (1-k) is the proportion of non-leisure time devoted to investment and

y is a constant rate of productivity.
5 Assuming a constant rate of deprecia-

tion, 11, in the stock of human capital, net investment is then

(1.5) dK/dt = I - plC,

where K{O} = K°, the individual's initial endowment of capital. Note that

dK/dt can be negative, if capital depreciation (uK) exceeds gross investment

(I).

Finally, the individual is assumed to have an intertemporal utility func-

tion, J, on income and leisure over his life cycle; since leisure time is

assumed to be constant, J can be expressed solely as a function of income:

J = r U{Y}e
St

dt,
0

where N is the individual's horizon, d > 0 is his given time preference rate,

and U has the properties that U' > 0 and U" < 0, corresponding to positive but

diminishing marginal utility from income.
6 The time allocation problem, there-

fore, is to choose k over the life cycle so as to maximize utility (J) subject

to the income identity (1.1), the wage equation (1.2), the budget equation

(1.3), the production function (1.4), and the accumulation equation (1.5),

given the initial endowment K°.
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The solution to the time allocation problem can be characterized with the

aid of the maximum principle.
7

If the path of I. is to maximize J in the long

run, then in the short run I. must be chosen to maximize the Hamiltonian

(1.7) H U{Y}e6tt T(I-11K),

given K and T, where the paths of K and T over time are determined by the

differential equations

(1.8) dK/dt = 9H/3T -

and

(1.9) dT/dt = -8H /2K

with boundary conditions K{O} = K° and T{N} = 0. Note that (1.8) is equiva-

lent to (1.5). The auxiliary variable T is the present discounted value of

human capital to the individual measured in utility units, so that the

Hamiltonian H may be interpreted as discounted short-run utility. The zero

value for T{N} reflects the fact that human capital has no value to the in-

dividual at the end of his working life.

We can simplify the notation by rewriting equations (1.7) and (1.9)

using current values rather than present discounted values. To do this, let

P be the current value of capital in utility units, i.e.,

(1.10) P = Te
(St

.

Then in the short run, R, must maximize the undiscounted Hamiltonian
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(1.11) H = U{.Y} + PI,

with R and P taken as given. In the long run P is determined by

(1.12) dP /dt = - 8H/3K + (p+S)P

with P {N} = 0, as can be seen by differentiating (1.10) with respect to time

and substituting the result into (1.9). Therefore, the solution to the long-

run time allocation problem is completely characterized by equation (1.5) with

an initial condition and equation (1.12) with a terminal condition where L is

chosen so as to maximize H in the short-run subject to the constraints (1.1)-

(1.4).

II. LIFE-CYCLE BEHAVIOR

In this section we begin by describing the short-run behaVior of an in-

dividual subject an income tax, when the value and stock of human capital are

taken-as given. A comparative statics analysis of changes in the market rental,

in the value and stock of capital, and in the tax parameters is then performed.

The results of this analysis will be used in the next section. Finally, we

analyze the behavior of the individual in the long run, when the value and

stock of human capital are changing over the life cycle.

Short-Run Behavior

The solution to the short-run time allocation problem can best be seen

geometrically in Figure 1. Gross investment (I) is measured on the positive

horizontal axis, net income (Y) is measured on the positive vertical axis,

and work effort (L) is measured on the negative vertical axis. The individ-

ual's budget frontier begins on the horizontal axis at yK where according to
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(1.4) gross investment is at a maximum and t=0. Then, assuming for interest

that E is greater than Yn, the budget frontier is vertical at t=0 up'to the

point where Y = Yn; even with no labor devoted to work the individual still has

some unearned income. From there, as can be seen from (1.3) and (1.4), the

frontier has a slope of -03/y for Y (and G) below E, then a lower slope of

(1a)w/y in the range of taxable income. If G is less than E, the individual

pays (1-t)wK in foregone current income to receive (1-2.)yit increments of

human capital. Therefore, the opportunity cost of a unit of investment is

w/y. In the taxable range, however, he pays only (1-0(1-0wK so that the

opportunity cost, depicted by the lower negative slope of the budget frontier,

is (1-a)w/y. Finally, note that the slope does not depend upon the level of

K. Thus, increases in the individual's human capital stock simply shift the

entire frontier to the right parallel to the horizontal axis, so that both

potential investment and potential income are increased.

The Hamiltonian, as defined by (1.11), represents a map of short-run in-

difference curves for income and investment, similar to the income-leisure

utility map in static analysis, and displays the usual properties of an

additive utility function. The marginal rate of substitution between invest-

ment and income, -P/U', increases as Y increases, but is not infinite at I=0

so that the indifference curves cross the vertical axis. Since the marginal

utility of investment in the Hamiltonian is constant for given P, the slope

of the indifference curves does not depend upon I.

As in the static income-leisure model, the solution to the short-run time

allocation problem can be obtained by finding the point on the budget frontier

chick lies on the highest indifference curve; this corresponds to maximizing

H subject to Oax.i. We can see from Figure 1 that there are five possible

3CFi
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types of solution dependong on K and P: two interior solutions and three

corner solutions. The two interior solutions are those for which avak = 0,

and either G<E or G>E, where

(2.1) 311/31. = U'{Y}wK(1-T') - PyK,

and the three corner solutions occur where X=0, k=1 or G=E.

The five possible types of solution to the short-run problem occur in

five different stages of the life cycle. These stages are portrayed in Figure

2. Stage I, where all effort is devoted to investment (X=0) corresponds to
of.

all points in (K,P) space above the horizontal line

(2.2) P = U'{Yn}w/y,

which is obtained by setting both 3H/32. and 2, equal to 0 in (2.1). Stage II,

where X>0 but no tax is paid, lies below the line given by (2.2) but above

the horizontal line.

(2.3) P = U'{E}w/y ,

and to the right of Stage V (1=1) which will be defined below. The lower

boundary of Stage III (G=E) is also a horizontal line,

(2.4) P = U'{E}(1-0w/Y

and the left-hand boundary is the edge of Stage V. Stage IV, where L>0 and

tax is paid, lies below Stage III and above the boundary of Stage V given by

(2.5) P = U'{(wK + Yn) - a(wK + Yn - E)}(1-a)w/y,

which is obtained by setting 311/32, = 0 and t=1 in (2.1), and is negatively
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sloped since U"<0. The other two boundaries, between Stage V and Stages II

and III, are defined by the negatively sloped line

(2.6) P = U' {wK + Yn)w/Y

and by the vertical line

(2.7) K = (E - Yn) /w

respectively. Note that all constant k lines are similar in shape to the Z=1

line which forms the upper boundary of Stage V.-
tor

Comparative Statics

In the short run the market rental (0 plays the role in the dynamic

human capital model that the wage rate plays in static income-leisure analysis.

Given K and P, the individual's work effort (L) is a function of w, as illus-

trated in Figure 3. In general, the higher is the market rental, the higher

is Z. However, there are exceptions. One is when the individual is at the

kink in the income-investment constraint depicted in Figure 1, corresponding

to Stage III in Figure 2. Then lower work effort is associated with higher

market rentals so as to maintain G=E.
8 The other exception is if the income

effect dominates the substitution effect of a higher w.

To calculate the short-run effects of alternative market rentals, we set

am/at . 0 in (2.1) and then differentiate implicitly with respect to w to get

the partial derivative

(2.8) aki&A = -(1 + cwdo(wcwst), Stages II and IV,

where the net income elasticity of marginal utility is given by

:109
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Figure 3

Work Effort as a Function of Market Rate of Return
in the Short Run (K, P constant)
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(2.9) c = (dU' /dY)(Y /U') = UllY/W

and the earned income elasticity of marginal utility, defined analogously, is

(2.10) c
wt

= ((1-T')W9 /Y)c
Y'

Stages II and IV.

Only if the negative income effect, -9.1w, dominates the positive substitution

effect, -1/(toci) will a lower level of work effort be associated with a higher

market rental, corresponding to a backward-bending labor supply. As can be

seen from (2.8), this can only occur if lewl> 1. Since kw! < Icy', a

backward-bending labor supply requires that the schedule of marginal utility

with respect to net income be sufficiently elastic to offset the effects of

unearned income and the income tax.

Changes in the stock (K) and value (P) of human capital which occur over

the life cycle bring about shifts in the short-run labor supply. An increase

in K moves the individual's budget constraint to the right parallel with the

horizontal axis in Figure 1. Since the marginal short-run utility of investment

is constant, the level of Y is unchanged by the shift so that work effort must

decrease, as is shown in Figure 4, to offset the increase in K and hence, in

8t. /8K = -2A, Stages II, III, and IV.

An increase in P simply makes the indifference curves steeper so that work effort

is lower, as is illustrated in Figure 5, corresponding to a movement to the

right along the budget constraint:

(2.12) 8A. /8P - y442(1-T1)2Kun, Stages II and IV,

311
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which is derived by differentiating 311/3L = 0. Of course, a change in K or P

will have no effect on work effort in Stages I and V, and a change in P will

have no effect on R in Stage III.

Changes in the marginal tax rate (a) and in the exemption level (E) will

also cause shifts in the labor supply as shown in Figures 6 and 7. In the

taxable Stage IV, a change in a will havc both substitution and income effects:

(2.13) at/aa - (1 + eG_
E
)R R(1-a)ca ) Stage IV,

where the gross taxable income elasticity of marginal utility is given by

of'

(2.14) eG...E :(1-a)(G-E)/Y)ey a ((G-i)/(G-Yn)) g,

On the one hand, an increase in a will motivate the individual to substitute

human investment for current income. On the other hand, an increase in the

marginal tax rate will also motivate him to increase work effort so as to

maintain net income in face of the tax increase. As can be seen from (2.13),

the relative magnitudes of these two effects depend on the elasticity of the

schedule of marginal utility with respect to gross taxable income (cC_E). In

particular, it follows from (2.14) that unless 'cal is sufficiently greater

than unity to offset the effect of E on cG_E, i.e., unless the individual is

well onto the backward-bending portion of his labor supply, then the negative

substitution effect, 1/((l-a)ca), will dominate the positive income effect,

eG_ER/((1-a)eva), and work effort will be decreased by an increase in a.

Finally, an increase in the exemption level has only an income effect in

Stage IV.

(2.15) 3243E = -a/(wK(1-a)) Oa Stage IV.
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Both income and investment are increased by the increase in the exemption

level with investment being increased by a decrease in work effort. But unlike

a, an increase in E also affects the labor supply of those who are not actually

paying any tax but who are in Stage III with incomes exactly at the exemption

level:

(2.16) at/aE = 1/(0)K)

Therefore, an increase in E will have a quasi-substitution effect by increasing

work effort so that income is substituted for investment.

VP

Long=Run Behavior

In the long run, the stock (K) and value (P) of human capital are not

given. However, now that the optimal level of work effort (I) has been des-

cribed as a function of K and P, the optimal paths of these two quantities

over time are completely determined by the differential equations (1.5) and

(1.12) given the boundary conditions K(0) = K0, and P{1/} = 0.

To describe the behavior of K, we note from (1.S) that ciK/dt is either

positive or negative depending on whether t is either less than or greater

than 1-ply, assuming that the individual's human capital can increase, i.e.,

rm. Therefore, the evolution of K is particularly simple to portray in

Figure 2, sinr.e the dK/dt=0 line is one of the constant t lines. Above this

line, the stock of human capital is increasing; below the line, it is decreasing.

To describe the optimal behavior of P, we evaluate aH/9K in (1.12) with

P held constant but with optimal t considered as a function of K, yielding:

(2.17) dP/dt = - - owamasualo + (p+OP

(m/ma/I( + wax) - (y p S)P.
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in Stages I, II and IV, the term (3H/3k)(k/K + at/aK) is zero, since either

1=0 (and 31/3K = 0) or 3H/3k = 0. In Stage III the partial derivative an/at

(and 3H/3K as well) is either a left or right hand derivative because of the

kink in the tax function at G=E. In either case, the product of awat with

(k/K + 3k/DK) in Stage III is always zero since, from (2.11), 3k/3K = k/K.

Thus, in Stages I-IV, assuming that the individual's discounted human capital

can increase, i.e., y>p+6, P is always decreasing and is given by

(2.18) dP/dt = -(y-p-OP Stages I-IV.

Finally, in Stage V, k=1, Bk/BK=0 and 3H/D9 >0, so that P continues to decrease:

(2.19) dP/dt = -U'{Y}(1-T')w + (p+OP Stage V.

The actual trajectory that the individual takes is determined by the

initial condition K {0} = K0, represented by a vertical line in Figure 2, and

the terminal condition P{N} = 0. The initial level of P on the le line at

time,0 is determined so that at time N the terminal condition is satisfied.

For given K0, the larger is N, then the higher must be the initial value of

P as will be demonstrated in the next section. The nature of the trajectory

is now immediately apparent. In general, K rises to a maximum when 1= 1-ph

and then declines, while P always declines. However, there are certainly

horizons so short that it never pays for the individual to accumulate human

capital and, hence, the initial P{O} is low and K is always declining.

The behavior of the individual's wage (W) follows immediately from the

path of K, as shown in Figure 8. When k=0, the wage grows at the maximum rate

of 100(y-p) percent. The growth then declines when k>0 until the wage is

maximum when dK/dt = 0. From then on, the wage declines, reaching a maximum
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rate of decrease of p when k=1.

The evolution of individual earnings (Wk), gross income (G), and net

income (Y) in Stages II and IV can be seen from the first-order condition that

ax/at = 0. This implies, frcm (2.1), that

(2.20) P = U1(1-TI)w/y;

differentiating both sides of (2.20) with respect to time yields

(2.21) dP/dt = 11"(1-1")(dY/dOwty = U "(1-T')2(dO /dt)w /y, Stages II & IV.

Since we know that dP/dt is negative, Y, G and Wk must increase over time in

Stages II and IV. In Stages I and III all three quantities are obviously con-

stant since either k=0 or G=E. In Stage V, all three quantities must decline

since k=1 and W is declining. Since taxes (T) are a non-decreasing function

of gross income, they behave in a similar manner, except of course that T is

constant at the zero level until G reaches E, and may be zero again in Stage V

if G falls below E. Note that it is possible for an individual to have such

a low initial level of human capital that he never earns enough income to pay

taxes.

In contrast to the straightforward evolution of the individual's wage,

earnings, income, and taxes, the behavior of his work effort (k) and human

investment (I) is relatively complex. In general, k increases over the life

cycle, eventually reaching a value of 1. The increase need not be monotonic,

however. In Stage III, where G=E, k either decreases or increases depending on

dK/dtz 0, since income is maintained constant in this region. In Stages II and

IV, also, the course of It need not be monotonic. Since the optimal k is a

function of K and P, the behavior of k over time can be described by

370
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(2.22) dRidt = (8243K)(dK/dt) + (U/DP)(dP/dt).

From (2.11) and (2.12), 8k /8K and DAM are both negative, and 31)/dt is always

negative. Thus, when dK/dt is negative, k must increase and increasing k in-

sures that K continues to decrease. However, when the level of work effort is

below l-U/y, so that dK/dt is positive, 2, may be either increasing or decreasing

depending on the relative magnitudes of the quantities in (2.22). Thus, while

the individual is in the process of increasing his stock of human capital, the

level of his work effort may oscillate. Since every optimal path must even-

tually have k=1, so that P{N} may reach zero, it is clear that dk/dt can be

negative for only a finite amount of time.

Finally, let us analyze the behavior of human investment over the life

cycle. Of course, the proportion of capital devoted to .investment (l-k) is

Immediately determined by the course of work effort. When one increases, the

other decreases and vice-versa. Similarly, the level of net investment (dK/dt)

follows from the previous discussion. To determine the path of the level of

gross investment we differentiate I with respect to time and get

(2.23) dI/dt = (y /w)(dW /dt - dG/dt),

since I = (W-G+Y )y /w. We know that dG/dt > 0, except in Stage V, so that

gross investment decreases monotonically when K, and hence W, is decreasing

and reaches a level of zero at the start of Stage V. Gross investment generally

increases when K is increasing, but not necessarily monotonically. Non-

monotonic behavior of I may occur even if k is monotonically increasing.

:121
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"III. COMPARATIVE DYNAMICS

In this section we analyze the effects of marginal changes in the tax

parameters on individual life-cycle behavior. The effect of a tax parameter

change i! =xpressed in terms of derivatives over time which show the effect

of the change on the stock and value of human capital at each moment of the

individual's life cycle. These paths of derivatives are characterized as the

solution to a two-point boundary value problem which is solved using a technique

developed by Oniki.

Variational Differential Equations

It is well known9 that the effect on the solution X{t} of a system of

differential equations

(3.1) dX/dt = F{X}

of a marginal change in a parameter 0 of the system is giveri by the solution

of a system of non-autonomous linear differential equations in the partial

derivatives of X with respect to 0:

(3.2) dX0 /dt = FX
{X{t}}X0

F
0
{X{t}},

where the boundary conditions for (3.2) depend upon the effect of 0 on the boun-

dary conditions for the original differential equations (3.1). In particular,

if X{t} is the solution to a two-point boundary value problem, then also Xe{t},

is a solution to a two-point boundary value problem.

In our case we are interested in the effects of changes in the tax para-

meters (ct,E) on the individual life-cycle behavior described by the long-run

solution to the equations (1.5) and (2.18)-(2.19) in the stock (K) and value

(P) of human capital with K{O} = e and P{N} = 0. Therefore, in system (3.1),
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X E [K,P), and 0 is either a or E. The required matrices and vectors for (3.2),

with DZ/dP, aP. /aK, and uno given by the comparative statics results (2.11)-

(2.16), are:

rn1

.-

0 r 0]
(3.3) F

X
u

r0 -(y-p-6) 0 -
and F0 = Ld , Stage I;

(3.4)
[7y.-p -yat/91 Ff 1 Stage II;F

X
u

0
_`Y ii -6)

0 -
and F0 = [0]

0 0 '

-

(3.5) Fx =
[Y.-11

0
= [to

0
Stage III;and F = [YKa.ual

0 -(y-p-6) 0 0 j'

F
X
u Y-P -14(atin and F0 Y1(314fae(3.6) Stage IV;

0 -(y-p-6) 0 - 0

-p 0 0

(3.7) F
X
=

Leo2 (1_c) 2uft +.1

0
and F0 =

0 e(aa/30)1.11 - (13(1-a) (auvao]
Stage V.

Since neither KO) nor P{N} are affected by a change in a or E, the initial

and terminal conditions for system (3.3)-(3.7) are Ko{0} = P0{N} = O.

Oniki has demonstrated
10 that if there are no discontinuities in dX/dt

when crossing a boundary between regions in X, then there are also no dis-

continuities in X
0
between regions. Since there are no jumps in dK /dt or dP/dt

when K and P cross the boundaries between any of the five stages, there are

therefore no jumps in Ko or P0. Thus the effect of a parameter change on an

optimal path is found by solving the two-point boundary value problem character-

ized by (3.2) with matrices FX
and F

0
given by (3.3)-(3.7) and with K

0
{0} = 0

and Po{N} = O.
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Oniki has developed a method for converting the above two-point boundary

value problem into an initial value problem which is more readily solved. The

first step is to determine the effect of an increase in the initial value of

capital, P0, with 0 held constant. In particular, we need to know whether a

path with higher initial 130 has a higher or lower final value of P at terminal

time N, i.e., whether P 0{1010 constant < O. The next step is to determine

the effect of a change in parameter 0 without allowing any change in P0. It

is easy to see that, in general, the new path with changed 0 will not reach the

Pa0 axis at time N if it starts from the same initial point as the original path.

Therefore, in order for the individual's horizon N to remain the same under

a marginal change in parameter 0, there must be a marginal change in the initial

value of P. Oniki demonstrates that this marginal change must be given by

(3.8) P
0
{0} - -(P

0{101 P constant)1(130{N}10 constant).

In addition to the above technique for determining the effect of parameter

changes on an optimal path, Oniki has also presented a formula for determining

the effect of a parameter change on the time when an optimal path crosses a

boundary.
11

If a boundary in X-space is described by the equation

(3.9) h{X} 0,

and if an optimal path crosses this boundary at time s, then the effect on s

of a change in parameter 0 is given by

(3.10) so w ohm X {s} + ahmmah/ax dX {s } /dt]

where indicates inner product. For our model the functions h are given by
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equations (2.2) through (2.7).

Tax Rate Effects

Our analysis of the effects of changes in a and E begins by determining

the effect of a change in 0 in order to compute the denominator of (3.8).

The differential equations which characterize the paths of Kpo{t} and Ppo{t}

are specified by matrices Fx given by (3.3)-(3.7), and by F0 = Fpo = 0 in all

regions. The initial conditions for the two paths are Kp0{0}(= = 0 and

Pp0{0}(= 110) = 1. From the signs of the elements in Fx, it can readily be

seen that Ppo is positive for Stages I through IV, and that Kpo is positive

in Stages II through IV. Both must, therefore, remain positive through Stage

V, and in particular Ppo{N} > O.

We now consider the effect of a on an optimal path with 0 held constant.

The initial calculations are aimed at finding the paths of Ka and Pa with in-

itial conditions Ka
{0} = P

a
{0} = O. From (3.3) through (3.5), it is clear

that K
a

and P
a

remain zero through Stage III since 3Z/3a = O. In Stages IV

and V, the effect of a depends upon the elasticity of marginal utility with

respect to taxable income, (eG-E) g

in (3.6) and (3.7), we obtain

iven by (2.14). Evaluating FO with 0=a

[-(1.4-EG_
E
)Wty/((l-a)we

wt
).] [4- or :1

(3.11) F
a

- =
0 0 J

0 0
(3.12) Fa

[(1+cc_E).311] [+ or -]

Stage IV;

Stage V.

If le
G-E

I is always less than unity, i.e., if the short-run substitution effect

of a is always dominant, then the non-zero elements of Fa are positive in both

Stages IV and V. Thus Kn becomes positive in Stage IV and hence Pa becomes

325
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unambiguously positive in Stage V so that Pa(N) > 0. Now although I6G-E1 is

necessarily less than unity at the beginning of Stage IV where G=E, it is

possible, if the individual is sufficiently far up on the backward-bending

portion of his labor supply, for the short-run income effect of a to become

dominant at some point in Stage IV, and hence for Fa to become negative. However,

only if the short-run income effect becomes dominant sufficiently early in

Stage IV will it be possible for Pa to be driven negative in Stage V and, hence,

for P
a
{N} to be negative.

Knowing both the denominator and numerator in (3.8), we are now able to

describe the total effect of an increase in the tax rate on value and stock of

capital over the individual's life cycle. There are two possible patterns,

depending upon the balance of short-run income and substitution effects during

Stage IV, i.e. depending upon whether the individual is sufficiently far up

on the backward-bending portion of his labor supply curve or not during the

time when he is paying the tax.

According to (3.8), if the short-run substitution effect dominates in

Stage IV, then Pa{0} < 0. That is, the effect of an increase in the tax rate

is to decrease the value of capital at the beginning of the individual's life

cycle. It then follows from (3.3)(3.6) that Pa remains negative through

Stage IV. Since Pa must be zero at the end of the working life, it will in

general remain negative through Stage V until it reaches zero at time. It

should be noted, however, that for certain types of utility functions, a de-

crease in capital stock (Ka < 0) may allow Pa to become positive in Stage V

before it finally reaches zero.

If the value of capital. is reduced, the short-run utility attached to in-

vestment is also reduced, motivating the individual to substitute income for
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investment in the non-taxable stages. By definition, in Stage I all non-

leisure time is devoted to investment, but as is shown in Figure 9 and confirmed

by (3.3)-(3.5) the stock of capital is reduced in Stages II and III. In Stages

IV and V, however, the tax rate increase also reduces the opportunity cost of

investment in terms of foregone income. Thus, it is possible for Ka to be

positive or negative in these taxable stages, as can be seen from (3.6), (3,11)

and (3.7). If the reduction in short-run utility dominates the reduction in

opportunity cost, an increase in the tax rate will decrease the capital stock;

otherwise, an increase in a will increase K in the last two stages.

If the short-run income effect dominates the substitution effect of a tax

rate increase sufficiently early in Stage IV then Pe{0) > 0, and the effect of

a on the value and stock of capital is essentially opposite to the effect when

P
a

is negative as is shown in Figure 9. The increase in the value of capital

motivates the individual to increase investment in nontaxable Stage II so as to

maintain income in the taxable stages. As can be seen from (3.3)-(3.7), Ka

is positive at least in the second and third stages and also in the last tuo

stages unless the reduction in short-run utility dominates the reduction in

opportunity cost in the taxable stages. Therefore, if the income effect domin-

ates, the individual substitutes investment for income in Stage II so as to

spread out over all stages the reduction in income brought about by tax in-

crease.

As suggested above, an increase in the tax rate produces two distinct

patterns of effects on net income over the life cycle, depending upon whether

the short-run substitution or income effect is dominant. The'se two patterns

are confirmed by totally differentiating Y with respect to a et each point in

the life cycle. Of course, Ya 0 in Stage I, assuming as we have that Yn<E.

:4 2:7
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In Stage II (and IV), Ya is calculated by setting (2.1) equal to zero and

totally differentiating with respect to a, yielding

(3.13) Ya = Wa/(0") Stage II,

so that the sign of Ya depends on the sign of Pa. If the short-run subsitution

effect dominates, then P
a
<0 and net income is increased in Stage II; otherwise,

income is decreased in the nontaxable stage so that capizal can be increased

to maintain income in the latter stages. Again, in Stage III, Ya = 0 since

Y=G=E, but

Stage IV,

so that if the income effect dominates and, hence, Pa>0, then net income is

unambiguously decreased in this taxable stage. However, if the substitution

effect prevails (Pa<0), then there is the possibility that Ya>0 in Stage IV.

Finally, the effect of a on Y in Stage V is obtained by substituting (1.1) and

(1.2) into (1.3) and totally differentiating the result with respect to a:

Stage V.

If K
a
<0 then net income is unambiguously decreased by the tax increase, but if

K >0, as we know it can be, then the effect of a on Y in this stage is indeter-

minate. While we cannot determine in which taxable stage net income is reduced,

we do know that it must be rcduced somewhere in these stages.

Although the effect of a tax rate increase has been discussed thus far in

terms of short-run income and substitution effects on the choice between income

and investment, it may also be characterized in terms of what may, Ly analogy,

be called intertemporal substitution and income effects involving the choice

:429
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between income early or later in the life cycle. An increase in the tax rate

both alters the marginal rate of substitution between early (nontaxable) and

late (taxable) income, and reduces the total life cycle income. As we have

seen, when the short-run substitution effect dominates in. Stage IV (the taxable

years), income in early years is substituted for later income, i.e. the inter-

temporal substitution effect also is domiiant. The intertemporal income effect,

which tends to reduce income throughout the entire life cycle, dominates only

if the short-run income effect is sufficiently strong early in Stage IV. These

two patterns of net income response are displayed in Table 1.

The effect of a tax rate change in gross income (G) is, of cotse, identi-

cal to the effects on Y in the first three nontaxable stages. However, from

(1.3) we know

(3.16) Ga = (Ya + (G -E))/(1 -a)
Stages IV and V,

so that if Ya
>0, then Ga

>0; otherwise the effect of a on gross income is in-

determinate. Therefore, since taxes (T) are direct function of gross income,

the effect of a on T is given by

(3.17) T
a

aG
a
+ G-E Stages IV and V,

so that if G
a
>0, then T

a
>0; otherwise, again, the sign of T

a
is indeterminate.

By now, the effec'3 of a tax rate increase on work effort (t) and human

investment (I) should be evident. Of course, in Stages I and V there is no

effect, but there will be an effect in the three remaining stages. Since t

is a function in these stages of P, K and a:

(3.18) is in
(32./8P)Pa + (DL/DK)Ka + (8f /8a) Stages II - IV,
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TABLE 1

Effects of Increase in Tax Rate*

Stage I Stage II Stage III Stage 71/ Stage V

+

0

0

0

0

0

-+

-+

0

0=1

- +
- +
0

0

0

+-
-+
? +

-+
?

9 -
?

?

?

?

?

4- +

9

?

9

?

0

0

0

First sign holds when intertemporal substitution effect is dominant; second

sign is for dominant intertemporal income effect.
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From the comparative statics analysis (2.11) and (2.12) we remember that

BL/DP < 0 and ak/DK < 0. Therefore, in Stages II and III if the intertemporal

substitution effect dominates (Pa, , < 0), work effort is increased by a tax
a

rate increase so as both to shift income from the taxable stages to Stage II

and to maintain Y=E in Stage III; otherwise work effort is reduced in both

stages so as to distribute the reduction in income over all periods. As is

not surprising by now, the effect of a on £ is indeterminate in Stage IV since

the signs of P
a
and K

a
are indeterminate. Finally, the effect of a change in

a on human investment follows immediately from the work effort behavior:

(3.19)
a
= -k yK + (1-k)yK

a
Stages II - IV.

a

Since k and K move in opposite directions in Stages II and III, investment

unambiguously decreases if the intertemporal substitution effect dominates and

increases if the intertemporal income effect prevails.

Let us now conclude the analysis of the effects of a change in the tax

rate, the results of which are summarized in Table 1, with a consideration of

the effect of a on the time at which a stage is terminated (sa). While a

change in a does not change behavior in Stage I, it does affect the amount of

time spent in that stage. This is made apparent by differentiating (2.2) totally

with respect to K, P, and a, and then substituting the results into (3.10) to

obtain

(3.20) s
a

= -P
a
/(dP/dt) stages I & II,

where the same result for Stage II is obtained by differentiating (2.3). Since

dP/dt<0, sa has the same sign as If If the substitution effect dominates,

the individual spends a shorter amount of time specializing in human investment;

332
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if the income effect prevails, he starts to work later. Since s is the same

for Stage II, the effect of a tax rate increase on the time at which G=E then

follows in like manner. Note, however, that we cannot tell the effect on the

o
amount of time spent in the second stage; we can only tell the effect on the

time spent in the first stage and the time spent in both stages. To determine

the effect of a on the time when the individual first pays taxes, we differ-

entiate (2.4) to get

(3.21) sa = - (Pa + P/(1-a))/(dP/dt), Stage III.

VIP

If the income effect dominates (Pa>0), then the individual unambiguously starts

to pay taxes later because he has been allocating his time to increasing his

wage rate rather than his earnings. If the substitution effect prevails,

however, sia'is indeterminate. Either by virtue of having devoted his time to

generating income rather than capital he can start to pay taxes earlier, or

by virtue of now having a lower wage rate he can pay taxes later. If the

latter is true, then the individual arrives at the exemption level earlier

but remains at this level for so long that the time before he pays taxes is

actually increased. Finally, just as all else is indeterminate in Stage IV,

so also is the time at which the individual leaves this stage. We only know

that if the individual spends less time in the nontaxable stages, he must spend

more time in the taxable stages and vice-versa.

Exemption Level Effects

Let us now turn our attention to the effects of an increase in E. From

the comparative dynamics analysis of the marginal tax rate we already know

that P 0{N} in the denominator of (3.8) is positive. Therefore, to determine

the effect of an increase in the exemption level on the initial value of

333



capital, we need only determine PE{N} with P0, held constant. Thus starting

with the initial conditions KED) = PEP)) = 0, it follows from (3.3)-(3.6)

that K remains unchanged through Stage II, and P is unchanged through Stage IV.

In Stage III, however, E, unlike a, does have an effect on K. Evaluating F0

with 0=E in (3.5) we obtain from (2.16)

(3.22) F
E

[-W0 ki
[-]

0
Stage III.

Hence, KE must become negative in this stage, where income is substituted for

investment. In Stage IV it follows from (3.6) and (2.15) that

(3.23) FE = [(Y/w) fa/ (i-a)
0 0

Stage IV,

where there is only a pure short-run income effect. Hence KE can become posi-

tive if the income effect is strong enough or if the individual spends a long

enough time in Stage IV. Finally, from (3.7) we see that

](3.24) FEE [-a(1-a)tdd
0 Stage V,

so th..t PE{N} will certainly be positive if KE is positive and can only be

negative if KE is very negative.

Knowing again both the denominator and numerator in (3.8), we can now cal-

culate the total effect of an increase in the exemption level. Since in the

short run, an increase in E has both a quasi-substitution effect in Stage III

and a pure income effect in Stage IV, an indi7idual's life cycle response must

depend upon the balance of these two effects. If the pure income effect is

strong enough, then P {0} < 0, i.e., an increase in the exemption level decreases

the initial value of human capital (P0). Since increases in E and a have

opposite effects on the level of total life-cycle income, the effect of an

:Oa
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increase in E on K and P should be essentially opposite to the effect of an

increase in a if the income effects are dominant in both cases. This is con-

firmed by (3.3)-(3.7) and (3.22)-(3.24) and illustrated in Figure 10. PE is

in general negative throughout the life cycle until it becomes zero at time N.

The lowered value of capital induces the individual to decrease investment in

Stage II so as to increase income. In Stage III the reduction in P and increase

in E work together to make investment less attractive, thereby inducing the in-

dividual to reduce investment in favor of income. In fact, KE remains negative

in the last two stages unless the tax saving brought about by an increase in

E is large enough to overcome the reduced value of capital, so that the in-

dividual is encouraged to invest more while still enjoying higher net income.

If the short-run
quasi-substitution effect of an exemption increase in

Stage III dominates the short-run income effect in Stage IV, then PE{0} > O.

The value of capital remains higher throughout the life cycle, except possibly

in Stage V, as car be seen again from (3.3)-(3.7) and (3.22)-(3.24). In Stage

II, the higher value for capital causes investment to be increased thereby

increasing K. In Stage III, however, the increased value of capital is offset

by the increase in the amount of income that may be earned without paying tax;

by the end of Stage III, K19 must have become negative, as shown in Figure 1Q,

and must remain negative through the remainder of the life cycle or PE would

not become zero at time N.

As was the case with a tax rate increase, the effect of an increase in

the exemption level can be described in terms of intertemporal substitution

and income effects. An increase in the exemption level both increases total

life-cycle income and alters the marginal rate of substitution between net



Intertemporal Substitution Effect
Dominant

Intertemporal Income Effect Dominant

Figure 10

Effect of an Increase in E on K and P
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income in Stage III and net income in all other stages, since Stage III now

occurs sx a gross income level that was taxed before the exemption level in-

crease. If the short-run pure income effect in.Stage IV dominates the short-

run quasi-substitution effect in Stage III, then the intertemporal income effect

is also dominant; the individual will choose to spread his gain in income over

all stages of his life cycle. If the opposite case is true, then the inter-

temporal substitution effect is dominant and the individual will substitute

income in Stage III for income in other stages. Although the intertemporal

income effect of E and a are essentially opposite, the intertemporal sub-

stitution effects are not since the patterns of the changes in marginal rates

of substitution are different.

The effect of E on after-tax income (Y) is again confirmed by setting

(2.1) equal to zero and totally differentiating with respect to E. Of course

Ye° in Stage I, and

(3.25) YE r yPE/(0")
Stage II,

so that again the sign of YE depends on the sign of If If the intertemporal

income effect dominates, PE is negative and net income is increased. Other-

wise income is decreased in this stage so that it can be increased in the next

stage where

(3.26) YE == 1 Stage III,

which is in contrast to the null effect of a on Y in this stage. Now in Stage

IV,

(3.27) YE a yPE/[w(1-a)U")
Stage IV,
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so that the sign of Yr is the same as in Stage II. Finally in the last stage,

using the same procedure used to obtain (3.15), we get

(3.28) YE = (1-a)wKE + a Stage V.

If the intertemporal income effect dominates, KE is indeterminate so that Y
E

can be positive or negative. However, if the substitution phenomena dominates,

then income is unambiguously decreased.

Again the effect of an exemption level change on gross income (G) is

identical to the effects on Y in the first three stages. Similarly from (1.3)

we obtain for the fourth stage

(3.29) G
E

= (Y
E
-a)/(1-a) Stage IV,

so that if Y
E
<0

'

then G
E '

<0. otherwise G
E

is indeterminate, Of course in Stage

V the effect on G follows from the effect on K since

(3.30) GE = wKE Stage V.

Now the effect of E on taxes (T) is zlvi.in by

(3.31) T
E

= a(G
E
-1)

Stages IV and V,

so that if GE<O, then TE<O; otherwise :s is indeterminate.

To analyze the effects on wont effort (t) and human investment (I) of an

exemption level increase we use the same procedure that was employed to analyze

the effects of a in (3.18). Since

(3.32) 2E =
(3t/aP)PE+ (at/aK)KE + (WDE)

3:-

Stages II-IV,



8.40

8tor<0 and auam, we know that if the income effect dominates then work

effort is unambiguously increased in Stages II and III so that income can be

increased. In Stage IV, however, the sign of
E
is indeterminate since income

could be increased instead by an increase in K and, hence, the wage rate. If

the substitution phenomena dominates, then work effort is certainly lower in

Stage II so that the wage rate can be higher at the beginning of Stage III,

when L is also higher. By the end of this stage and throughout Stage IV,

however, the effect on work effort is indeterminate since income can be reduced

by a decrease in the wage. Finally, the effect of E on human investment follows

from the analysis of work effort:

(3.33) IE u LEYK + (1 )yKE Stages

Since 2. and K move in opposite directions in Stage II, investment unambiguously

decreases (increases) if the intertemporal income (substitution) effect domin-

ates. We can also be sure that I E
is negative in Stage III if the income

effect dominates. All else, however, is indeterminate since LE and KE do not

necessarily have opposite signs.

We conclude the analysis of the effects of E, which are summarized in

Table 2, with an examination of the effect on the time at which a stage is

terminated. Using the method to obtain (3.20) we now g..7.t.

(3.34) s
E

-P
E
/(dP/dt) Stage I,

so that we know the individual spends less time specializing in human investment

if the income effect dominates; otherwise, he spends more time. For the second

stage, however,
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TABLE 2

Effects of an Increase in Exemption Level*

Stage I Stage II Stage III Stage TV Stage V

P
E

+ - + - + - + - + -
KE,WE 0 + - ? - - ? - ?

Y
E

0 - + + + _ .1. ?

G
E

0 - + + + _ ? ?

T
E

0 0 0 - ? ?

L
E

0 - + ? + ? 0

I
E

0 + ? - ? 0

sE + - + ? + ? ? 0

First sign is valid when the intertemporal substitution effect is dominant;
second sign is for dominant intertemporal income effect.

elo

to
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(3.35) + wU")/[y(dP/dt)] Stage II,

so that if the substitution phenomena dominates, the individual spends more

time in the first two stages; otherwise, the exit time is indeterminate.

Similarly, for the third stage

(3.36) sE = (-yPE + w(l- a)U") /[y(dP /dt)] Stage III

so that what was true fit: the previous stage is also true for this stage.

In particular, if the substitution phenomena dominates, we see that the total

time spent in the nontaxable stages is increased. Finally, just as in the

case of a, it can also be demonstrated that the time at which the individual

terminates Stage IV and, hence, ceases to carry out any investment at all is

also indeterminate whether or not the substitution phenomena dominates.

IV. CONCLUSIONS

In this paper we have applied a model of individual human capital accumu-

lation to the analysis of the effects of a progressive income tax with a

given level of income exempted from tax and a constant marginal tax rate.

In general, the individual passes through five distinct stages in his life

cycle. In the first stage he devotes all his non-leisure time to investment

in human capital and, hence, earns no income and pays no taxes. In the second

stage he begins to allocate time to earning income as well as to accumulating

human capital, but still pays no taxes because his income has not yet reached

the exemption level. In the third stage he chooses his levels of work and

investment so as to maintain his income exactly at the exemption level, which

is the highest income he can enjoy without incurring a tax. In the fourth

:441
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stage he continues to allocate time to producing both income and investment,

but pays taxes since his income is now above the exemption level. Finally,

in the fifth stage he devotes all of his non-leisure time to earning income

but now, through depreciation, his stock of human capital declines so that

his income also declines. Indec,d, he may cease paying taxes in this stage

if his human capital declines to the point where even full-time work cannot.

generate income above the exemption level.

We have analyzed the effects of changes in the tax rate and exemption

level first in the short-run, when the value and stock of human capital are

given. The short-run response of the individual is perfectly analogous

to that in the traditional income-leisure model. In the taxable stages a

tax rate increase has both substitution and income, effects on the allocation

of time between earning and investing so that the individual either substitutes

investment for income if the short-run substitution effect dominates or chooses

to have both reduced by the tax increase if the income effect dominates. An

exemption level increase in the taxable stages has a pure income effect,

allowing the individual to increase both income and investment. In the third

stage, however, it has a substitution effect, motivating those on the verge

of paying the tax to substitute additional tax-free income for investment.

Using a technique devAoped by Oniki we have then analyzed the effects

of changes in the tax parameters in the long run. These effects can also be

described in terms of substitution and income effects, but with the choice

being between income in different stages of the life cycle rather than between

income and investment at a single point in time. An increase in the tax rate

alters the marginal rate of substitution between income in the early, non-

taxable stages and income in the later, taxable stages. It lso reduces the

342
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total income an individual can enjoy over his entire life cycle. If the inter-

temporal substitution effect dominates, then the individual substitutes in-

come in the early stages for income later in the life cycle. If the inter-

temporal income effect dominates, however, the individual spreads the life-

cycle income reduction over all stages. Similarly, an increase in the ex-

emption level has both an intertemporal income effect because it increases

total income and an intertemporal substitution effect because it alters the

marginal rat," of substitution between income during the time spent at the

exemption level and income in all other stages. If the intertemporal income

effect dominates, the increase in total income is spread over all stages;

if the intertemporal substitution effect dominates, income just before the

taxable stages is substituted for income in all other stages.
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FOOTNOTES

*Part of this research was supported by funds from the Office of Research
and Development, Manpower AdministraLion, U.S. Department of Labor under Grant

No. 21-11-73-09 to the Urban Institute.
Opinions expressed are those of the authors and do not necessarily repre-

sent the views of the Department of Labor, the Urban Institute or its sponsors.

1. See G. Cooper, "Taxation and Incentive in Mobilization," Quarterly

Journal of Economics, LXVI (1942), pp. 43-66, for a development of the static

income-leisure analysis of the personal income tax.

2: The model of life-cycle human capital production and labor supply

presented in this paper has evolved from the work of Ben. Porath. See Y.

Ben-Porath, "The Production of Human Capital and the Life Cycle of Earnings,"

Journal of Political Economy, LXXV (1967), pp. 352-65.

3. In ibid, unearned income is assumed to be zero.

4. See S. Rosen, "Learning and Experience in the Labor Market," Journal

of Human Resources, VII (1972), pp. 326-42, for an analysis of the market for

learning opportunities.

5. Although Ben-Porath assumes decreasing returns to scale in the pro-

duction of human capital, he presents empirical evidence of constant returns

to scale. See Y. Ben-Porath, "The Production of Human Capital Over Time,"

in W.L. Hansen, ed., Education, Income and Human Capital (New York: Columbia

University Press, 1970), pp. 129-54.

6. In ibid, the marginal utility of income is assumed to ba- constant.

7. See L.S. Pontryagin f-t- al.-, The Mathematical Theory of Optimal

Processes (New York: Interscience, 1962).

8. In the static income-leisure analysis a discontinuous increase in

the marginal tax rate results in an analogous "jog" in labor supply. a

9. See L.S. Pontryagin, Ordinary Differential Equations (Reading,

Mass.: Addison-Wesley, 1962), p. 170ff.

10. See H. Oniki, "Comparative Dynamics in Optimal Control Theory,"

Journal of Economic Theory, VI (1973), p. 275.

11. Ibid., pp. 276-8.
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Symbols Used

script lower case

Greek omega

Greek gamma.

Greek mu

Greek delta

script upper case H

Greek upper case psi

partial derivative

Greek theta
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LABOR SUPPLY AND THE SOCIAL SECURITY PAYROLL TAX

by C. Duncan MacRae and Elizabeth Chase MacRae

Abstract

The traditional analysis of the effect of the payroll tax for

social security on individual labor supply treats the tax as a

reduction in the wage rate. This analysis ignores, however, the

existence of a ceiling on the earnings subject to the payroll

tax. This paper demonstrates that while for individuals with

earnings below the ceiling the payroll tax may indeed be analyzed

in terms of its effect on the wage rate, for individuals above

the ceiling the tax must instead be analyzed in terms of its

effect on unearned income. For individuals with earnings below

the ceiling the tax acts to reduce their wage rate and, there

fore, reduces their work incentive (unless the income effect

dominates). However, for individuals with earnings above the

ceiling the tax acts solely to reduce their unearned income and,

therefore, increases their work incentive (unless leisure is an

inferior good). Thus, the introduction of an exemption into

the tax would increase labor supply of individuals below the

exemption level by increasing their effective wage rate, but

would reduce labor supply of those above the exemption level

by increasing their effective level of unearned income.

$
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LABOR SUPPLY AND THE SOCIAL SECURITY PAYROLL TAX*

By C. Duncan MacRae and Elizabeth Chase MacRae

The Urban Institute University of Maryland

The traditional analysis of the effect of the payroll tax for social

security on individual labor supply treats the tax as a reduction in the

wage rate.
1 This analysis ignores, however, the existence of a ceiling on

the earnings subject to the payroll tax, which, in recent years, has exempted

twenty to thirty percent of covered earnings in the United States.
2

The

purpose of this note is to demonstrate that while for individuals with

earnings below the ceiling the payroll tax may indeed by analyzed in terms

of its effect on the wage rate, for individuals above the ceiling the tax

must instead be analyzed in terms of its effect on unearned income. This

straightforward but as yet unanalyzed effect of a ceiling is particularly

important when considering the effects on labor supply of reforms in the tax.

We begin with a brief review of the income-leisure model of individual

labor supply. The payroll tax is then incorporated into the model and the

effects on labor supply are analyzed for individuals with earnings both be-

low and above the ceiling. Finally we consider the effect of introducing

personal exemptions into the tax, a reform which has been widely proposed.
3

An individual is assumed to supply labor so as to maximize utility for

income and leisure subject to a budget constraint which 'pecifies the trade

off between income and leisure given the wage rate and the level of unearned

income. Figure 1 shows the boundary of the individual's constraint set as

the broken line ABF when Yn is the level of unearned income and the (negative)

slope W of the line AB is the wage rate. For given levels of W and Yn, the

:447
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individual will supply a quantity of labor which corresponds to the point

on the line AB which lies on the highest possible indifference curve. The

individual's labor supply curve, which simply shows the wage-labor combina-

tions for some given level of Y', with no payroll tax, appears in Figure 2.

Assuming that leisure is not an inferior good, a decrease in Yn will increase

the amount of labor supplied at any wage rate and thus shift the curve to

the right, perhaps with a change in shape.

Now let us introduce a payroll tax. As shown by line CDB in Figure 1,

the tax corresponds to a percentage reduction in the wage rate of 100t for

earnings below the ceiling level of E and a constant reduction in income of

tE for earnings above E with no reduction in the wage rate. The lowered

slope of the budget line segment DB for earnings below E means that a given

amount of labor will now be forthcoming only at a higher market wage rate.

In Figure 2, this is shown as an upward shift in the labor supply curve in

the area below the WL = E hyperbola, which will decrease labor supply unless

the income effect dominates. The downward shift in the budget line segment

CD for earnings above E amounts to a fixed reduction in unearned income in

the amount of the tax paid, tE. Consequently, the labor supply curve in

4 Figure 2 is shown shifted to the right in the area above the E hyperbola so

that labor supply will definitely increase in this area unless leisure is

an inferior good.

Since the budget line after the imposition of the payroll tax is no

lOnger convex, there is a "jump" in the labor supply curve in the neighborhood

of E. That is, there is some wage rate at which the individual is indifferent

between supplying enough labor to generate earnings above E and supplying
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less labor to generate earnings below E. Under the payroll tax, there is

no combination of W and Yn for which the individual will choose to earn

exactly the ceiling amount E, since he can always increase utility by earning

more or less than E.
4

Finally, we consider the effect of introducing exemptions into the pay-

roll tax, similar to those in the personal income tax. Let E be the level

of earnings exempt from tax so that only earnings between E and E are subject

to tax. The individual's budget constraint is now given by C'D'GBF in Figure

1. In comparison with a tax which has no exemptions, the higher slope of

the segment GB for earnings below E means that a given amount of labor will

now be forthcoming at a lower wage rate. This is shown in Figure 3 as a

downward shift in the "no exemptions" labor supply curve in the area below

the WL = E hyperbola. This is, of course, exactly the supply that would be

forthcoming if there were no payroll tax at all. Individuals in the inter-

mediate earnings range between E and E do not have their wage rate changed

by the introduction of exemptions into the tax. Instead, the effect of

exemptions on labor supply in this range of earnings is equivalent to an in-

come subsidy in the amount of the tax saved, tE, by the exemptions. Con-

sequently, in the area between the E and E hyperbolas, labor supply with

exemptions is shifted to the left of supply without exemptions. Since the

budget constraint has a convex kink at earnings level E, an individual will

choose to supply labor so as to earn exactly E for a range of wage rates.

Thus, as the wage level increases above W the level at which he first earns

amount E, the individual decreases his work effort, following along the E

hyperbola until the wage level is sufficiently high to induce him to move

into the area between E and E. This "jog" in labor supply is the result of



I

1

ith exemptions

.6a

/

No exemptions

.5-

.
sm. am... ...ow *alms

z

WL = E

W

FIGURE 3

9.6



9.7

a discontinuous increase in the tax rate.
5 Note that there is still a jump

in labor supply near the ceiling. The maximum tax paid is reduced, however,

by the introduction of exemptions to t(E - E) so that labor supply is shifted

to the left in comparison to the supply forthcoming without exemptions.

The conclusion to be drawn from the foregoing analysis is that while

for individuals with earnings below the ceiling the payroll acts to reduce

their wage rate and, therefore, reduces their work incentive (unless the in-

come effect dominates), for individuals with earnings above the ceiling the

tax acts solely to reduce their unearned income and, therefore, increases

their work incentive (unless leisure is an inferior good). Thus, the intro-

duction of an exemption into the tax would increase labor supply of individuals

below the exemption level by increasing their effective wage rate, but would

reduce labor supply of those above the exemption level by increasing their

effective level of unearned income.
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FOOTNOTES

*Part of 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 authors and do not necessarily

represent the views of the Department of Labor, The Urban Institute or its

sponsors.

1. See, for example, Brittain (1971), Brittain (1972b) and Feldstein.

2. See Table 7-2 in Brittain (1972a).

3. See Chapter V in Brittain (1972a) for a discussion of proposals

for personal exemptions and deductions in the social security payroll tax.

4. See Kesselman (1971) for a discussion of the similar jump in labor

supply that would result from a negative income tax.

5. The typical piecewise-linear progressive income tax results in

analogous jogs in labor supply.
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