


ABSTRACT

Title of Dissertation: LABOR SUPPLY, FERTILITY, AND THE ECONOMY

Timothy Dowd, Doctor of Philosophy, 1999

Dissertation Directed by: Professor Clopper Almon
Department of Economics

This dissertation crestes a dynamic population and labor supply model. The modd is
linked with the LIFT economic mode of the INFORUM research group. The estimated
equations for the fertility and participation rates are created from both a cross-section study of

the U.S. decennid censuses, and from atime-series andysis of age-specific fertility and
participation rates.

The cross-section andysis includes a detailed study of the effects of the Earned Income
Tax Credit (EITC) on fertility. Across anumber of specifications and samplesthe EITC isfound

to pogitively effect the probability of observing abirth.

A number of smulations of the mode are presented and show that there are important
rel ationships between the economy and population that can only be addressed with afully

endogenous population modd. The DPM modd is compared with the 1997 Socid Security



Adminigration (SSA) projections for fertility and participation rates. The smulations show that
the SSA boundaries are in fact bounds on reasonable forecasts of fertility and labor force

participation. However, the smulations call into question the ability to use SSA forecagts for

policy andyss.

Findly, this dissertation explores the effects of the 1997 Family Tax Relief Act enacted
by Congress. The act, among other things, created a $500 child tax credit for families with
dependent children and less than $110,000 in income. The Smulations suggest that the credit (if
alowed to grow with prices) will increase fertility in 1998 by 9% and in 1999 by 21%. These
increases have profound impacts on the population and the economy. The young increasingly
dominate the population. The economy initidly experiences a declinein growth due to
reductionsin the female labor force participation rates. However, later in the forecast the

economy experiences increased growth and a change in the distribution of output.
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Chapter 1 Introduction

The Problem
In 1968 Paul Ehrlich stunned and incited the country with his book The Population Bomb. In

his book he argued that the population explosion over the last severd decades would result in
huge populations in the future and precious resources would be depleted. Ehrlich’s book was
instrumentd in educating the popul ace about issues related to population. However, Ehrlich fell
into the same trap that economigts have falen into snce Mdthus' time. By not taking into
account the changing economic conditions and socid norms of the society, Ehrlich and, to a
lesser extent Mdthus, failed to recognize that population growth isthe result of amyriad of
economic and non-economic decisons. When making these decisons, individuas and families
take into account the effect of the changing demand for the world' s resources and the wedlth of

the people. Fertility decisions and, therefore, population growth are dynamic.

Economigts today continue to make smilar mistakes. One type of mistake occurs when
demographers forecast the population without taking into account expected changesin the
economy. Perhaps an even graver mistake occurs when economists assume that these
population projections are exogenous and then base their economic forecasts upon them. At this
point the circle of errorsis complete. Both the population projections and the economic
forecasts are likely to be inaccurate and cannot respond to changing population distributions,

economies, or natural resources.



The Socid Security Adminigration (SSA) provides an excellent example of these types
of error-prone forecasts. The SSA is charged with monitoring the hedlth of itstrust funds. In
order to do this, it makes forecasts of the population and the economy, but does not join them.
In 1998 its forecasts of the population state that “the assumed ultimate fertility rate of 1.9
children per woman is attained in 2022 after a gradua decline from the preliminary estimate for
1997 of 2.03 children per woman.” (Board of Trustees, Federd Old-Age and Survivors
Insurance Trust Funds (1998), p.59.) The SSA makes no attempt to consider the effect of their

projected economies on fertility or vice-versa.!

Inahighly critical appraisa of demographic projections, Norman Ryder (1990)
suggested that demographic projections needed to be performed in the context of alarger
mode incorporating economic and other variables. The solution to the presented forecasting
problem isto recognize that people make decisions about family sze, how much to work, and
how and when to consume, taking into account the changing environment and economics. In

other words, forecasts of both the population and the economy should be performed

! To befair, the economic and demo?raphic projections are meant to provide high and low
ranges on the solvency of the trust fund. Therefore, the SSA argues, that they need Osnaliy
rovide arange of possible outcomes and need not concern themselves with the causdity of
ertility or the economy. However, even given this limited objective some of the SSA
projections do not even bound the actual outcomes. In 1952 Myers and Rasor (1952) made
4 different population projections. All of their projectionsfdl short of the actud population in
1990. Ther closest 6‘projections were off by 7%. In addition to under-forecasting the
population the actual population distribution was off the mark aswell. They predicted that the
under 20 population would make up 34% of the population while in actudity it made up 29%.
The difference between their projections and reality was made up in the population between
the age of 20 and 64, which they predicted would make up 54% of the population in 1990
whilein actudity it was closer to 59%. Their prog'wecti ons were characterized by dower fertility
than was witnessed in the 60’ s and faster than what was witnessed in the 70's. These fertility
projection differences |ead to the popul ation differences seen in percentage terms. The
varaionsin fertility witnessed since thair projections have had important impacts on the
economy. While this example uses a projection from 1952 the techniques used to make
popul ation forecasts have not changed subgtantidly since that time.



smultaneoudy, alowing changes in the population to influence the economy and vice versa. This
dissertation isin many ways aresponse to Ryder’ s criticism. By incorporating the demographic
projectionsinto alarger mode of economic behavior, smultaneous impacts of the population on

the economy and the economy on the population are possible.

Population Forecasts

Frequently population forecasts involve some trend analys's on the determinants of
population growth (fertility rates, mortaity rates, and net immigration). After looking at historical
data demographers usudly forecast cohort specific fertility and surviva rates. Meaningful socio-
economic variables are rardly alowed to have an influence on the cohort fertility and survival
rates. Rather it is often assumed that a balanced equilibrium steady-state will naturally come
about. This naturd state is one where the population distribution is pyramid shaped, with the
oldest population cohorts representing the smalest proportion of the population, and fertility is

sufficient for replacement.

Inareview of the SSA assumptions Macunovich (1994b) argued that fertility
projections needed to be upgraded in light of recent trendsin the tota fertility rete.
Macunovich's critique highlights an important fact about demographic forecasting. Neither the
forecasts, nor the recommended upgrading of the forecasts, take into account the expected

future changes in the economic environment that women and families will face.

Economic Forecasts

While demographers do little to incorporate economic variables, economigstypicaly

fal prey to adegper and more pernicious mistake. Economists make forecasts of the economy



using the population projections of demographers. Because economic growth is eesily
decomposed into productivity growth and labor force growth, one of the mgor drivers of
projections is the exogenous population assumption. For some time, economists have
recognized the link between population and the economy. However, they have been dow to
explicitly mode these links in empirica models. Economic theories have shown that there are
crucid ingghts to be gained from recognizing the interdependence of the population and the
economy (i.e. Paul Samudson’'s Over-lapping Generations Model (Samuelson, 1958), Code
and Hoover’ s andydis of the effects of population growth on the Indian economy (Code and
Hoover, 1958), Gary Becker’s household production framework applied to fertility (Becker
1965), and more recently Auerbach, Gokhae, and Kotlikoff (1994) andyze the effects of fiscal

policies on different generations).

In an attempt to put these ingghts on the interdependence of the economy and the
population to use in asmulation mode, Denton and Spencer (1988) crested the MDM modd.
They found that comparing endogenous fertility results with exogenous ones could have alarge
impact on the economy, especidly afew decades after amgor fertility shock. They reach this
concluson by doing smulations with a Computable Generd Equilibrium (CGE) modd, and by

assuming reasonable values for the utility and production functions.

A few econometric models have demographic-economic linkages. Both DRI and
Wharton have modds that allow some feedback from the economy to demographics. However
these models, tend to be top-down models that impose tota birth or marriage rates, estimated

as reduced form auto regressive equations (e.g. the Wharton mode forecasts total births asa



function of the femae participation rate, income, the ratio of males to femaes, and lagged births
in the form of children under the age of 5) on the age-specific components? Thiswork differs
from these modd s in that here the equations are built up from estimation at the individud leve

and then at the age-specific leve.?

This dissertation, like the MDM modd and the Anker and Knowles modd, crestes a
functioning model of the population and the economy. The mode presented will link a
population and labor supply modd with the Long Term Inter-Industry Forecasting Tool
(LIFT).* This dissertation bresks with previous research in its use of age-specific fertility
equations that are estimated using the U.S. Census data. The equations are then incorporated
into an econometric macro-economic mode of the U.S. economy. This methodology alows

population to be endogenoudy determined with empirically estimated equations.

Structure of the Dissertation

The dissertation is organized in the following manner. The remainder of this chapter
briefly discusses the overadl methodol ogies used in creating a demographic and economic model
of the United States. Chapter two presents a discussion of the theoretical and empirical issues

related to family decisions on fertility and labor supply. Chapter three presents the empirical

2 See Ahlburg (1987) for a discussion of competing econometric based models of population
and the economy.

® Anker and Knowles (1983) created an economic-demographic model starting from micro-
econometric analyss of Kenyan survey data, and buildin oc? up to an economic modd with
endogenous population. Like the Wharton and DRI modd s the Anker and Knowles mode
endogenoudy determines the TFR and then distributes it among the five-year age groups.

* LIFT isthe primary U.S. economic forecasting modd of the Inter-Industry Economic
Research and Forecasting group at the University of Maryland. See McCarthy (1991) for a
detailed description of the model and Dowd, Monaco, and Janoska (1998) for an application
of the mode to population distribution issues.



results from the cross-section estimation of fertility, and discussesin detall the impact of the
Earned Income Tax Credit on fertility. Chapter four presents the empirica results from the
cross-section estimation of |abor force participation, and annua hours of work. Chapter five
discussesin more detall the techniques used to creaste a smulation moded of population and
labor supply. The results of historicad estimation are then used in conjunction with the cross-
section estimates to create a functioning demographic modd . Basic economic linkagesto LIFT
are discussed. Chapter Six presents the results of the model and discusses the impact of
economic variables on the population. After cdibrating the model to match the SSA 1997
economic assumptions, the demographic results are then compared to SSA demographic
assumptions. Chapter seven andyzes the effects of changing the digibility age for full retirement
benefits, and the effect of the $500 Child Tax Credit enacted by Congressin 1997. Chapter

elght concludes the dissertation and discusses aress of possible further research.

Modeling Techniques and Assumptions
Thegod of this dissertation is to have amodd of the economy that allows for

endogenoudy determined fertility and population. The first step in reaching thisgod isto
understand the decisions that families make about the number of children to have and how much
to work. This dissertation first investigates these issues at the theoretical level and then
empiricaly. The empirica estimation of fertility and labor supply is done firs a the cross-section
level and then & the time-series level. The estimation is done at the cross-section level in order
to capture important relationships between labor supply, fertility and other economic varigbles.

Time-series estimation is done using the cross-section estimates as independent variablesin the



time-series. Findly, the cross-section and time-series equations are combined to creste
equations of the age-specific fertility and labor force participation. These equations are then
incorporated into amode of population. Chapter two covers in more detail the theoreticad and

empirica issuesinvolved in estimating fertility and labor supply at the cross-section leve.



Chapter 2 Theoretical and Empirical | ssues Related to Models of Fertility and Labor
Supply
In this chapter atheoretical mode of family fertility and labor supply is presented. The

theoreticd modd illugtrates the difficulty in predicting the effect of changes in wages on labor
supply. It dso discusses how the Earned Income Tax Credit (EITC) is expected to impact both
fertility and labor supply. Next the data used for the cross section andysis is described. Because
of the smultaneous nature of the decisions that individuas make about fertility and labor supply,
careful atention is paid to the estimation methodology employed in understanding these
decisons. In addition to the Smultaneous nature of these decisions, there is a problem of sample
selection for anumber of key variables. Therefore, a detailed description of the estimation
techniques used to determine the relationships between fertility, labor supply, and economic and
demographic data are presented, with particular attention paid to the Generdized Tobit

Procedure.

Theoretical Mode of Fertility and Labor Supply
Over the lagt thirty years, the economic theory of the family and empirical work on

family decisons have made substantia contributions to our understanding of decison making on
fertility, marriage, and labor supply. Starting with the celebrated work of Gary Becker (1965),
economigts have been modeling these decisons in terms of a household production modd. The
household production modd assumes that children are demanded as an intermediate good.

Equdly important to the production framework, Becker and Lewis (1973) suggested that



children influence parentd utility in two ways. firdt, the number of children increases utility, and
second, the qudlity of children increases utility. In keeping with the productive nature of parents,
they suggested that quality of children is produced in the home with a combination of purchased

inputs and parentd time.

Typicdly ajoint utility function for the parents is maximized subject to afull income
budget congtraint incorporating male and fema e wages and the production technologies for the
production of children, Z", and qudlity of children, Z2. The maximization resultsin aset of
demand equations for inputsinto the production functions and fina demand goods. Performing
the cost minimization dud to the utility maximization alows for comparaive geic andyss of the
Slutsky decomposition.®

Comparative Statics
An important variable in the andysis of fertility and labor supply isthe wage rate.

Whether a change in the wage rate raises or lowers home production time is ambiguous. The
increase in the wage rate increases the price of an additiond unit of home production time, while
a the sametime it increases income. If the home-produced services are norma goods, then the
increase in income will induce an increase in the services demanded which may result in an

increase in home production time.

LABOR SUPPLY
Given achange in the wage rate, the consequent change in parental time devoted to

home production has two components. The subgtitution effect will reduce the amount of time



devoted to home production. Through the increase in full income, the income effect will tend to
increase the time devoted to home production. Looking at the time spent in the home
production of children, Z", and noting that the Marshalian demand can be inverted, yields the
equality between the Hicksian and Marshdlian demands (P, W,U)=¢"(P,W,C(- )), where g is
the uncompensated demand, h is the compensated demand, H represents time devoted to home
production, P and W are prices and wages, and U and C are utility and the cost function.
Noting that Iabor, L, supplied to the market by individud j isequd to thetotd time avallable, T,
lessleisure, |, and the different time devoted to home production, HY and H®, Lj=T-I;-H,"-H;%,
the effect of a change in the own wage rate or the spouse’ s wage rate can be decomposed in
the fallowing manner:

19" _m"| 10"
™w o w M

U

1

There are two differences between equation 1 and atypica Sutsky decomposition for a good.
Fird, note that the second term on the right is multiplied by labor supplied to the market. This
occurs because the change in income is the change in the wage rate multiplied by labor supply.
The opportunity cost of an additiond unit of leisure or home production isthe lost wages from
labor supplied to the market. Second, the income effect is added to the substitution effect rather

than subtracted.®

> Upon request, a detailed theoretical modd of labor supply and fertility can be provided by the
author.

® For a detailed example of the Slutsky decomposition with respect to labor supply see Deston
and Muellbauer (1996) pp. 89-93.
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Equation 1 indicates that the change in home production time due to an increase in the
wage of individud i, equals a compensated price effect and an income effect. By assuming a
concave cogt function, the equation implies that the utility compensated effect is negativeiif it is
own wages (i.e. i5]). Assuming that the demanded goods are normd implies that the income
effect is pogtive. Hence, the change in home production time due to a change in the own wage
rate isambiguous. If the subgtitution effect dominates, then increases in the wage rate will cause
decreasesin time devoted to home production. Conversdly, if the income effect dominates, then
the increase in the wage rate will increase the time devoted to home production. Andyzing the
effect of changesin the spouse’ swage (i.e. it |) then the utility-compensated effect is negdive if
the spouse' stimein the production of children is a complement to individud j’s own time, and
postiveif it isa subditute,

There are two other equations smilar to equation 1 for leisure and home production
time for quality of children, Z2. Combining the three equations, and using the relaionship
between total time and labor supplied to the market, the Sutsky decomposition for labor

supplied to the market can be written as equation 2.

ﬂLj __ﬂh|j| ) ﬂhHJN| i ﬂhH?| ] [ﬂgli +ﬂgHjN

? ™MW W WM M

LTg” 1.
™

Equation 2 indicates that the change in labor supply due to a change in the own wage rate, i=j,
will be influenced by various factors. The three different subgtitution effects will tend to increase

labor supply, while the three different income effects will tend to decrease |abor supply.

11



The effect of a change in the gpouse swage is dso anbiguous. If the spouse stimeis
complementary to own time in leisure and the production of Z" and Z° then the effect of a
change in the pouse’ s wage rate is the same as a change in the own wage rate. Conversdly, if,
as one might suppose, pouse stime is a subdtitute for own timein some of child production,
then some of the firgt three terms may be negative. If the husband’ s time can be substituted for
the wife' s time in the production of Z", then the demand for the husband' s time devoted to Z"
will increase with increases in the wife' swage. The increased demand for home production time
will have a negative impact on the labor supply of the husband. These resultsimply that with
increased opportunities for women, we should see decreased labor force hours and
participation for men. Smilarly, cross price effects and the effects of increasesin theinitia

number of children can be decomposed into the Sutsky equetion.

A number of studies have andyzed the effects of the Earned income Tax Credit (EITC)
on labor supply.” Briefly, the EITC acts like a change in the redlized wage rate by providing a
credit to working individuas within certain income levels. The EITC, therefore, has both
subdtitution and income effects. Both effects work in the same direction in the phase-out range
(the range of income over which the credit amount is dowly reduced), where increasesin
income reduce the vaue of the credit. The increased income from the EITC resultsin an
increased demand for leisure, while reductions in the credit amount caused by increased income
are adrag on wages and work through the subgtitution effect to reduce labor supply. In the

phase-in range (the range of income over which the credit isincreased until it reechesits

" The EITC is described in more detail in chapter three.
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maximum), where the credit amount increases with income, the increases in income reduce labor
supply by increasing consumption of leisure, and the increases in the redlized wage will incresse
labor supply. Findly, in theflat portion of the EITC (where there is no change in the credit for

increases in income) only the negative income effect is relevant.?

FERTILITY
Fertility is defined as the number of births that a family chooses to have in any given

period. The choice of how many children to have depends on the price of births, and on the
margina productivity of the infant in producing home produced services (ZV, Z9). If the price of
births rises, then in order to observe a birth there must be an increase in the margind utility
derived from Z", or an increase in the margina product of infants, or both. Holding everything
else condant, an increase in the margina utility of child servicesis associated with adeclinein
the leve of child services Thisdeclinein the leve of child services must be from a changein the
number of infants. In other words, an increase in the price of having ababy leadsto adeclinein
the optima number of infants desired, or conversely, decreasesin the price of birthswill lead to

increased fertility.

The Sutsky decomposition of the demand for births, B, is.

P gPE|, ™

B B B
3 fg® _h°| 9

8 This dissertation does not fully modd the effects of the EITC on labor supply. Only income
effects are empiricaly estimated.
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The change in births due to achange in the cost of birthsis equa to the compensated change,
which is negative, minus the income effect from the increase in prices. Therefore, anincreasein

the price of births reduces the number of infants desired.

An increase in the wage rate effects fertility in asimilar way to the decomposition for

home production time.

ﬂgB:ﬂhB| +ﬂgB
wo W™

4) XL, .

Equation 4 shows that the change in the number of infants due to a change in the wage rate of
individud | is equa to the compensated change and the income effect. The firgt term on theright
hand sideis pogitive if the demand for births, B, and parentd time, H;, are net substitutes.
Conversdy the first term on the right hand Sdeis negetiveif B and H are net complements. The
second term is positive; increases in income, assuming the goods are normd, will increase the
demand for births. It seems reasonable that infants and parental time in home production are net
complements; an increase in the parenta time devoted to child servicesislikely to increase the
hedlthiness of infants. Assuming net complementarity, an increase in the home production time of
parent j increases the margina productivity of infantsin producing home-produced goods. The
two terms on the right hand side of equation 4 have different effects, and so the total effect of an
increase in the wage of individud j on the demand for births is ambiguous. If the subgtitution
effect dominates, then an increase in the female wage rate decreases the number of births.

Alternatively, if the income effect dominates then increased wages will increase fertility.
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The exception isif no labor is supplied to the market. In this case the second term on
the right vanishes and the effect of an increase in the wage rate is unambiguoudy negative. This
impliesthat parents who do not work, and have higher opportunity costs of time spent in leisure

or home production, should have fewer children.

Essentidly, the EITC affectsfertility by acting as a subsidy to parents for having children
(albeit a subsidy that is dependent on the total earned income in the household).? Therefore, the
EITC seffect on fertility can be modeled as areduction in the price of infants. Here the priceis
dependent on the family’ sincome, work status, and the number of children in the household. An
increase in income in the phase-in range of the EITC resultsin adecrease in the price, while an
increase in income in the phase-out range results in a decrease in the subsidy. However, given
the income of the household, an increase from no children to one or more children will resultin

an increase in the subsidy for digible families The EITC should unambiguoudy incresse fertility.

The previous analysis shows that one's own wage, cross wage, and public policy
variables can be important for both labor supply and fertility. The empirical andys's presented
later will use the spouse s labor force participation to provide information about the household
production functions for child services. Particularly, the analysis presented here uses both the
spouse' s labor force participation and the interaction between the spouse' s labor force
participation and indicators for the number of children in the family. The spouse s participation is

used as a proxy for time that can be devoted to home production.

® See Chapter 3 for amore detailed discussion of the EITC program.
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Data
The data sets used for analyzing fertility and labor supply are the Integrated Public Use

Micro-data Sets (IPUMS). IPUMS is an integrated set of the PUM S data sets issued by the
Census Bureau and maintained by the University of Minnesota'® These data sets were created
from the long-form questionnaire of the decennia censuses of the United States. The IPUMS
are available for census years 1850 through 1990. The IPUMS data sets are “integrated” in the
sense that a given variable has the same coding for different years. Thisdlows for quick and
manageable analyses across years. This research concentrates on the data from 1970, 1980,

and 1990.

The 1990 data set is more likely to capture the current rel ationships between fertility
and labor supply. The earlier data setswill pick up important movementsin the variables of
interest. For example over the last 30 to 40 years female labor force participation increased
dramatically from 33% in 1950 to 57% in 1989 (mde labor force participation fdl steedily from
83% in 1950 to 78% in 1989). At the same time, the totd fertility rate for the U.S. fel from
3,770 births per 1,000 women in 1956 to alow of 1,738 births per 1000 women in 1977.1

The three data sets capture important changes in the society and economy.

All of the data sets have information on the income, hours worked, and weeks worked

of theindividualsin a household. Children are linked to their parents, dlowing andysis of family

19 See Ruggles and Sobek (1995).

" The totdl fertility rate isthe number of births that a 2000 women would have today if they
were to age ingantaneoudy through the child bearing years and have the number of children that
the current women in those ages are currently having. Fertility as opposed to fecundity is the
redlized outcome of childbearing decisons; fecundity is the cgpacity to have children.
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decisons about fertility and the effects of children on parentd labor supply. There is awedth of
information in the data sets including, but not limited to, State of resdence, education leve,
occupation, age, gender, race, immigration status, language proficiency, mortgage and renta

rates, and birthplace.

The datasets are in a hierarchica form, where al the records for a given household are
grouped together. Thefird line of the data contains household level datareevant for dl
members of the household, for example Sate of resdence. The next lines are individud level
data containing individud varigbles like age and maritdl satus. Thishierarchica form dlowsthe

researcher to atach children to parents and husbands to wives. 2

Mogt variables in the data sets have data qudity flags. Data qudity flagsindicate
whether or not variables have “dlocated” vaues. Many variables have missng or incorrect
data. Often when thereisamissing variable for an observation the Census Bureau creates the
data by dlocating avaueto it. There are three types of dlocation: logica edits, hot deck
dlocations, and cold deck alocations. Logicd edits are edits for a variable that has amissing or
inconsgent vaue. An example of alogicd edit isthat if marita Satus for a person under the age
of 12 ismissing, he or sheisgiven avaue of “never married”. Hot deck dlocations search the
filesfor adonor record. A donor record isarecord in the data set that has smilar
characterigtics to the record with the missing vaue. If hot deck dlocation fails, then cold deck

dlocation is used. Cold deck dlocation randomly assigns a vaue from a predetermined

12 For a detailed description of the data see Steven Ruggles and Mathew Sobek, Integrated
Public Use Microdata Series. Version 1.0, Minnegpolis. Socid History Research Laboratory,
University of Minnesota, 1995.
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digtribution. In this study, al variables with ahot deck or cold deck alocation are set to
“missing”.*® This diminates any contamination of the data by donor records or a propagation of
unknown digtributions. The regressions exclude dl observations in which any of the dependent
or the independent variables are missing. The implication is that sample Szes may change dightly
with changing specificaions

The federd tax rates, exemptions, and the amount of the EITC are obtained from the

1989, 1979, and 1969 editions of Your Federal Income Tax Department of the Treasury,

Internd Revenue Savice.

Table 2-1 shows the sample size for three different samples, femaes, married men, and
single men. The table aso shows the sample sizes for the fertility, and labor supply regressions.
The size of the samples for the regressions differs because a number of observations lacked
data for one or more of the variables. For example, in 1970 the femae sample for fertility
(women ages 16-55) has 512,604 observations. The fertility regression uses 421,180
observations of the 512,604 possible observations. Similarly, the number of observationsfor the
full sample (women 16 years and older) is 706,833 in 1970. The participation regression used
598,357 observations of the possible 706,833 observations. Similarly, the annual hours

regression and wages regressions used only 228,493 observations.

13 For more details on the methodology and the variables with alocated values see Ruggles and
Sobek (1995) pp. E-1 - E-14.
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Table2-1 IPUMS Sample Sizes (1970, 1980, 1990)

Sample Femade Married Mae SingleMale
1970
Total Observationsfor Fertility Sample 512,604
Fertility 421,180
Total Observations 706,833 428,257 212,828
Participation 598,357 354,939 189,235
Annual Hours and Wages 228,493 263,877 86,334
1980
Total Observationsfor Fertility Sample 632,199
Fertility 487,705
Total Observations 881,492 493,628 306,907
Participation 663,544 377,997 223,102
Annual Hours and Wages 360,144 299,761 151,968
1990
Total Observationsfor Fertility Sample 699,460
Fertility 572,702
Total Observations 993,487 540,461 365,035
Participation 804,845 438,392 277,601
Annual Hours and Wages 433,141 319,069 176,870

Overview and other studies
Cross-sectiondl empirica estimations of the relationships between fertility, and labor

supply, using the household production framework have had some success. The relationship
between female labor supply and fertility iswell documented, and most of the analyses indicate
that higher fertility is associated with lower labor supply.™* For the most part, this recent work
has been concerned with the smultaneous nature of the decisons. Families make joint decisons
about labor supply and fertility. Consequently, most of the observable variables are important in
both decison processes. This smultanaity makes it difficult to identify a smple relationship

between fertility and labor supply.

14 See Browning (1992) and Macunovich (1996) for surveys of the effects of children and
fertility on femae labor supply. See Killingsworth and Heckman (1986) for an excellent review
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Although there has been consderable atention to the fertility and female labor supply
relaionship, there has been little anadlyss of the rdationship between fertility and mae labor
supply. ™ However, the theory of the family applies equally well to men and women. The focus
of much of the work on mae labor supply has been to explain the recent reduction in labor
supply of married men. Over the last severd decades, as femae labor supply has been
increasing, the labor supply of men has been dowly declining. This decline hasled to an
emphasis on the rdative Szes of the income and price dadticities for male and femde labor
supply. The studies have obtained mixed results, with the wage eadticity of labor supply
estimated to be positive for women and roughly 0 for men.*® For male labor supply, the income

and price dadticities do not explain very much of the decline in participation.

Estimation M ethodology
We are interested in estimating four equations. Thefirst equation is the probability of

observing abirth in a household. The second is the probability thet an individud participatesin
the labor force. Thethird is an estimate of the hourly wage rate. Finaly, the fourth equation isan
estimate of the annual hours of work. The four equations are:

1. Probability of Birth (fertility) = f(X,W,e);
2. Probahility of Labor Force Participation (part) = f(X,W,e);

of the empiricd literature on femae labor supply. For areview of mae labor supply with
particular attention paid to the effect of wages, see Pencavel (1986).

> There are two recent exceptions. One is aworking paper by Angrist and Evans (1996). They
condder the effects of fertility on mae labor supply and find little evidence of astrong
relationship. In an andyss of male labor supply in Sweden, Carlin and Flood (1997) find that
the presence of young children significantly reduce the hours worked of men by 2.6 to 3.4 hours
aweek.

18 For an excellent discussion of empirical results see Pencavel (1986).
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3. If individud works, wage (W) = f(X,e), else wage is not observed,

4. If individud works, annua hours of work (hours) = f(X,W,e), ese hours are not
observed.

All four of these equations are related to each other through the independent variables and the
error term, e. Thisis a smultaneous system of equations, complicated by sample selection

(individuds self-sdect into the working sample) in the wages and hours equations.

Briefly, the process is to estimate a L ogit of the probability of observing abirthin a
household. Next, a probit of the probability of participating in the labor force is estimated using
the predicted probability from the fertility estimation instead of actud fertility outcomes” Using
the standard “ Heckit” procedure, the probit is used to get an estimate of the inverse Mills Ratio.
Theinverse Mills Ratio (lambda) is then included in the OL S regression of wages and annud
hours. Theindusion of lambdain the two OL S regressions effectively eiminates the bias
associated with estimating the wages and hours regression on only the working sample.™® The
following sections will explain the process in dightly more detall. Fird, there is a discussion of
the relationship between fertility and labor supply, paying particular attention to the methods
used in this study to determine the effects of fertility on labor supply. Next a discussion of the

methods used to estimate the labor supply decisions of familiesis presented. This section

7 The probability of observing abirth is very small and lendsitsalf more easily to the Logit
Specification with its larger tails. The probability of participating in the labor force more closdly
resembles the normd digtribution, and therefore is modeled using the Probit.

18 See Maddala (1994) for a detailed explanation of the competing methodologies.
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digresses with a discusson and Monte Carlo example of the “Heckit” procedure aswell asa

discussion of the Probit agorithm.™®

Fertility and Labor Supply
In addition to the smultaneity of decisons, we do not observe dl characteridtics of the

peoplein the sample. In particular, we do not observe the wage rate for individuas who do not
work. The problems that result from not observing the wage rate are particularly relevant for
fertility and |abor supply. Persons who have little interest in participating in the labor force may
find it more desirable to have children than those who have a sirong interest in labor force
participation may. Preference for participating in the labor force is aso not observed it is part of
the error term in both the fertility equation and the labor force supply equation. Hence, the error
termsin equations estimating fertility and labor supply are correlated. Both errors capture the
desre to work in the market. The correlation of the error terms may result in an overestimate of

the effect of fertility on labor force participation or wages on fertility.

The smultaneity of the decisions combined with the unobserved heterogeneity of the
families requires that we find some exogenous variable that is correlated with fertility but not
correlated with labor supply decisons. Assuming that we have avariable, z, that is correlated
with fertility and not correlated with work hours, we can estimate the fertility and labor supply
equations using the two-stage least squares method. In the first stage, fertility is estimated on z

and other regressors. In the second stage, work hours is regressed on the estimated value of

19 For readers familiar with the Heckit procedure this section can be skipped. Although, the
Mg(r:\tee(:jCarlo exampleis hepful in understanding the reasoning behind using the Heckit
procedure.
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fertility and other regressors not including z. The result is an estimate of the effect of fertility on

work hours.

This study usesinsruments, i.e. z variables, for fertility that have been shown to work in
the past. Specificaly, the probability of observing abirth is estimated on the occurrence of twins
at first and second birth, the gender of the children aready in the family, and for the 1980 and
1970 samples, the quarter in which the mother was first married.”® Twins a first and second
birth are arandom occurrence that is not correlated with the error term in the labor supply
equations. Twinswill only influence labor supply through their impact of the additiona child.*

The gender of children dready in the household is dso unlikely to be corrdated with |abor

20 Rosenzweig and Wolpin (1980) use twins at first birth. Angrist and Evans (1996) use twins at
first and second birth and the gender of children aready in the household. Lehrer (1996)
andyses the effects of religion on fertility raising the possbility of religion as an insrument.
Unfortunately, religion is not available in the IPUMS data sets. For areview of the literature on
fertility and labor supply, and references to studies using this generd gpproach see Browning
(September, 1992). The classic example in the literature on fertility is Rosenzweig and Wolpin
(1980), who used twins at first birth as exogenous variation. See Angrist and Evans (September
1996) for amore recent example of this gpproach using the gender mix of children asan
exogenous varigble corrdated with fertility, but not correlated with labor supply.

2! For the 1980 and 1970 samplestwins at first and later births are calculated by comparing the
age in quarters of children in the house. Quarter of birth is not available for the 1990 sample,
consequently twins at first and second birth are calculated using age in years. My estimates from
the 1980 sample suggest that thereis a 2% error in using agein years to caculate twins. The
2% error captures children who were born less than a year apart but who are not twins. Given a
9 month gestation period, in order for two children to be born less than a year gpart the mother
must become pregnant within three months of delivery. Non-lactating mothers on average begin
mengtruating between four and eight weeks, while lactating mothers begin menstruating, on
average, somewhere between 3 and 4 months (Essenberg, Murkoff, and Hathaway (1991)),
suggesting that a pregnancy within the first three months after delivery may be an accident and
related to variationsin individua fecundity levels. Being a more fecund womean in the firg three
months after delivery is an exogenous shock much the same astwins are and isjust aslikely to
be uncorrelated with the error in the labor supply equations.
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supply. However, families with two children of the same gender are more likely to have athird
child than those with two children of different genders. Findly, the quarter in which the woman
was firgt married has an impact on family fertility decisons. Women married in the second and
third quarters are more likely to have a birth than women married in the first and fourth quarters

are.

Before estimating fertility, a number of variables need to be congtructed. An important
economic variable in the analysis of fertility and labor supply istota household income.
However, household income will rise and fal depending on the decisions that the family makes
about labor supply. In particular, it is not unusua for the mother of anewborn to stay at home.
The decison to stay a home will, obvioudy, reduce household income by the forgone wages of
the parent. Therefore, using household income as aregressor in the fertility equation islikely to
capture the contemporaneous labor supply effect as well as the income effect. Consequently, all

other sources of income except the mother’ s are used as the regressor for household income.

Because of the smultaneous nature of fertility, labor supply, and income, an estimate -
not the actua vaue- of household incomeis used to calculate the value of tax rates and the
EITC. The estimate of household income is necessary because income may be temporarily low
after abirth; it isnot unusud for the mother of a newborn to temporarily drop out of the labor
force. This smultaneity in the birth outcome and labor supply would confound the effects of the
tax rate and the EITC variables constructed from actua income. Therefore, an OL S estimate of
household income based on the age of the head of the household, the occupation of the head of

the household, state of residence, number of personsin the household, and durable goods, is
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used to construct the tax rate and EITC variables” The estimate of household income uses
durable goods, automobiles for the 1980 and 1990 samples, and household appliances for the
1970 sample, to insure identification. This procedure diminates any Smultaneity from using the
actud household income in calculating the tax rates and the EITC. Table 13-8 in Appendix A
shows the estimates of household income for the years 1970, 1980, and 1990. The number of
trucks and automobiles has a positive effect on the observed household income, while other

durables generdly have a positive effect on household income for 1970.

As suggested in the theoretica section, the female wage is an important economic
determinant of fertility. Wages are the price of time spent in household production and leisure.
Unfortunately, we do not observe wages for al individuas. Therefore, we can not use observed
wages. Thefirg st of estimates for fertility use an OLS prediction of the log of hourly wages
estimated using variables such as experience, education, occupation, state of residence, etc., on
the sample of women who worked. A find set of estimates for fertility usesthe sample-

selection-corrected predicted log of hourly wages (see Appendix A).

Labor Supply
Assuming that the fertility component of the andys's has been dedlt with by using

ingruments, we can focus on the estimation of the labor supply equations. There are two digtinct

labor supply decisons: whether to work and how much to work. Early research done on labor

22 The constructed EITC variable using the esimate of household income for the fertility results
is et to O for adl women who have a child in the household. Strictly interpreting, the credit only
provides income to households with 1 or more children, and the value is the same regardless of
how many children are in the household. However for the labor analysis the varidble is the
scheduled vaue for dl families with children in the household or a positive probability of birth.
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supply estimated the participation decison and the hours to work decision independently.
However, recent research has recognized the dependence of these two decisions, and the
inherent sample sdlection issues involved in looking at hours of work and wages independent of
the participation decison. Independently estimating the participation, annud hours, and wage
equations results in biased estimates of the parameters. The biasis aresult of estimating hours
and wages using the working sample, a non-random sample, because people with high potentia
wages are likely to be in the labor force. Heckman (1979) proposes amethod to deal with this
sample selection bias. The procedureisto initidly estimate a probit of the probability of
participating in the labor force and then use the estimated valuesto creste the inverse Mills Ratio
(lambda). 2 Lambda is then inserted as an independent regressor in the wage and hours
estimation. The incluson of lambda controls for the sample selection inherent in the estimation of
wages and hours for individuas who worked. This procedure is often referred to as the

“Heckit” or the generdized “Tobit”, and is explained in more detail in the following section.

Heckit or Generalized Tobit
In this section, the Heckit procedure is explained. First, aMonte Carlo example

motivates the need for the Heckit correction, and then the Heckit correction isillustrated using
the Monte Carlo data. Next, adetailed discusson of the Heckit procedure follows paying

particular attention to issues that arise in [abor supply. Findly, the section concludes with a brief

2 The inverse Mills Ratio is the truncated probability distribution function for the probability of
obsarving the individua in the working sample. The dengity function for the truncated normal
digtribution of y with mean u, variance s, and the truncation occurring & cis:

f(y]y <c) :Si(f (?)/F(%)) . See Maddala (1994) p. 5.
y y y
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outline of the Probit algorithm. Although, the Monte Carlo example is an interesting application
of the Heckit techniques, readers familiar with the Heckit procedure may choose to skip the rest

of this section.

Interpreted loosdly, the Heckit procedure estimates the probability of observing the
individua in the working sample, and then includes the probability in the hours worked
regression. This procedure will account for the sample selection problem in the hours regression.
Another complication in the andlysis of labor supply decisonsis that we do not observe awage
for dl individuds, individuaswho do not work, do not have an observed wage. One solution is
to estimate the wage eguation for the individuals who do work and then using the parameter
estimates ca culate predicted wages for the entire population. This procedure aso has a sample
selection problem; the sample for wages are individuas who work. The correction procedure
for estimating wages is the same *“ Heckit” procedure used for the hours worked estimation. The
next section illustrates the problem of sample sdection and truncation with aMonte Carlo
example.

Monte Carlo Example
In order to provide a concrete example of the problems of sample selection and

truncation, we can look at the results from a Monte Carlo for amulti-variate norma distribution.
X andY are observed variables that are made with a combination of independently and
identicdly digtributed (i.i.d.) variables. Y ishours of work. X is education or some other choice

variable that influences hours of work. Let ey, and ey, be normd (0,1) error terms. Z is some
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observed variable that influences Y and not X, and W is an unobserved variable representing
pre-disposition towards labor force attachment that influences both Y and X. Both Z and W are
i.i.d. normd (0,1) variables. Thus, Y dependson X, Z, W, and an the error term ey, and X
dependson W and an the error term ey; X = 0.75*W + ey, and Y=05*X + 0.5*Z + W + ey.
In addition to this setup, observed vaues of Y are only avallable when W is positive. The
researcher observes X, and Z at dl times and the value of Y when W is positive, and never

observes W athough she does observe Y when W is positive.
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Fgure 2-1 Joint Norma Didtribution (Cov= 0.5)

Plot of Y*X. Legend: A =1 obs, B = 2 obs, etc.
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Figure 2-1 represents 100,000 observations of Y and X, showing the y variable on the vertical

axis and the x variable on the horizontal axis. Clearly, there is a postive relationship between Y
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and X, and the meansfor both Y and X appear to be zero (the means are in fact 0.0 with

standard deviation of 1.2 for X and 1.8 for Y). The researcher
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Figure 2-2 Plot of Y and X (Y ,X|W=>0)

Plot of Y*X. Legend: A =1 obs, B = 2 obs, etc.
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actudly only observesthevdue of Y if W is positive, consequently, the gpparent relationship

between Y and X isdightly different than above. The sampleis truncated so that we only

observe Y for those observations where W is greater than zero, and we get a substantially

different picture. This result can be seen more clearly by looking at the above figure.
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Figure 2-2 represents the truncated distribution of y and X, where the truncation occurs
a zero for vaues of W. The mean of x, giventhat W is greater than zero, isnow 0.6 and the
mean of y is 1.1. Additiondly, aswe might expect, the standard deviations for both x and y
have gone down from 1.8 to 1.5 for Y and from 1.2 to 1.1 for X. As can be seen from the
figure, the digribution of y is now substantidly different. The vaues of y are no longer centered
around zero and they tend to be pogtive. This change in the observed mean and the rdationship
captured in the figuresis precisely what we are trying to correct with the Heckit procedure. The
error in the estimation of the hours decision is correlated with the error in the education decision.
This correlation between the errors and the truncation of the hours worked sample will result in

biased estimates of the effect of education on hours of work.

The Heckit correction gpplied to this example isto create a binary variable (p) thet is
onewhen'Y isobserved and zero when it isnot. A Probit regression is then run with P asthe
dependent variable and X and Z asthe regressors. The results of the Probit are then used to
cregte theinverse Millsratio (lambda), which is then included in the OL S regresson of Y on X

and Z.

Table 2-1 reports OL S and Heckit estimates using 100 draws of 1000 observations
each from the 100,000 observations in the sample. Table 2-1 shows the parameter estimates
and standard errors for the parameter on X in an OLS and Heckit regressonsof Y on X and Z.
The first column shows the results of the OL S regression, and the second column shows the
Heckit results. Both estimates assume that the researcher does not observe W. The last column

triesto correct for the sample sdection by including lambda as an independent variable. The
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ample OL S edimate results in a parameter estimate of 1.0 that is datigticdly different from the
actua coefficient of 0.5. The Heckit estimate results in a parameter estimate of 0.7 that is
gatigticaly different from 1.0 but not from 0.5, the actud coefficient. Thus the Heckit correction

while till larger than the actua coefficient is much closer than the OL S estimate.

Table 2-1 Monte Carlo Estimation Results (OL S and Heckit)

Regression of Obsarvationswith W > 0

Y=B*X+C*Z +g*Lambda
(Heckit)

Parameter on X 0.982 0.692

Standard Error 0.119 0.213

Thefollowing sections explain in more detail the sample sdlection problem for

estimation, illustrate the “Heckit” correction method, and outline the estimation procedure.

Sample Sdlection and Estimation Procedure
This section draws heavily from chapters 1, 6, and 8 of G.S. Maddaa (1994) Limited

Dependent and Qualitative Variables in Econometrics. Estimates of the participation and the
hours-worked equations are of primary interest in this section. Firg, let us assume that there are
N total people, N; of whom work (N;<N). Individuas know their market wage rate (W), but
researchers only observe W; for the N; working individuals. All individuals also have a
reservation wage (W'). The reservaion wage is the wage a which the individua iswilling to
work exactly zero hours. The reservation wage is the value that an individua attaches to their

time at zero hours of work. Unfortunately, we never observe the reservation wage, regardless of
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work status. The two wage equations, market wage and reservation wage, are of the following
form:

W = X;;B, +uy,

5.0) , .
W' = X,B, +u;,

In the above equations, X represents exogenous regressors and B isa set of parameters. U
represents normally distributed random error terms resulting from heterogeneity in preferences
and endowments. The market wage is related to a number of variables, X;, which indicate the
vaue the individua hasin the labor market. A priori, we have expectations about the sgn of the
effects for some of the variables, experience and education will both pogtively influence the
market wage rate, while rurd status may lead to lower wages due to fewer opportunities. The
reservation wage is derived from utility maximization, and isthe wage a which the individud
desiresto work exactly zero hours. Separate from market valuation, people place avaue on
their time. This value, though equa to W, when hours worked are positive, is not necessarily

equal to W; when hours worked are zero.



Figure 2-3 Lasure Demand Schedule

wW Figure 2- 3 illugtrates the relaionship

W, between the market wage, the reservation

wage, and the number of hours worked. The

wy'
H(l)urs of Leisure vertica axis represents the wage rate. The
0 l T I — _ _
T H 0 H «— horizonta axis represents both the demand
Hours of Work

for leisure and the supply of labor. Leisure
demand isincreasing to the right and hours supplied isincreasing to the left. L; isleisure
demanded for individua j and H; is the number of hours worked by individud j. The curvein the
graphisatypica downward doping demand curve for leisure. If the wage is W, individud |
works H; hours, and consumes L; leisure time. However, if the wage rate is W', then individud |
works zero hours and spends dl histime in leisure. The reservation wage is the point on the
demand curve for leisure & which an individud iswilling to supply exactly zero hours of work.
The figure does not show the demand curve going beyond this point because there isalimitation
on the number of hours available. The reservation wage rate is dso referred to as the shadow
wage rate evauated at zero hours of work; it is the vauation of time for individud j a zero
hours of work. When hours of work are positive, the shadow wage rate (evauated at the hours

worked) is exactly equal to the market wage rate.

Figure 2-3 d o illustrates an important festure of the procedure outlined here. Hours
worked will dways be positive if W, > W,". Additionaly, given that the number of hours worked
is congtrained to be non-negative, hours worked equals zero if the market wage is less than the
reservation wage. Equation 5.1 below summarizes the hours-worked equation.
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H, =Z,>g+dW +v, iff W, - W' 2 0

5.1) | .
H, =0 iff W, - W' <0

Again, H; isthe number of hours thet individua j works. Z; isthe set of observed regressors for
individud j. W; is the observed wage rate for individud j, and g and d are unknown parameters
to be estimated. The error term, v;, isanormally distributed random error with mean zero and
variance s 3, representing unobserved taste preferences. In addition to observing hours for the
N1 working sample, we dso observe the binary employment outcome; is an individuad employed
or not. People work provided that W, -W'; 3 0. The following equations illustrate the observed
and unobserved components of the employment decison.

I, =1 (If employed) iff W, 3 W/

5.2) _ o
I, =0 (If not employed) iff W, <W/.

Expected Hours Conditiona on Working
The regressors in the market wage equation, X;, represent the variables that are related

to the market wage. Similarly X; in the reservation wage equation represents the variables that
arerelated to the valuation of time. X; and X, can be very different sets of regressors.
However, from apractica standpoint, with a couple of exceptions, we are unable to determine,
apriori, which variables are in one st and not in the other. Moreover, since we are interested
in the latent variable W;-W;', and thisis alinear combination of X’sand u's (W;-W,'= X;:B; -
Xi2Bo+ Uy - Uy), we can define Xj1B; - Xj2B, = X;B, Uz - U, =y, and Var(y)= s> Also, let

the covariance between v and u be equd to s ,; cov(v,u) = s, These smplificationsdlow us

36



to take expectations of both sides of equation 5.1, and derive the smplified result at the bottom
of 5.3. Equation 5.3 is the expected number of hours worked given that I; =1 or that W;-W'3 0.
E(H, W, - W/ 3 0) =Z>g +d W, + E(v,W, - W/ 3 0)

=Z,5g +d W +E(v)|y; 3 - X;B)
=7, g +d W, +E(E(Y, Jup]u; ? - X;B))

:Z].>g+d>Wj+S

5.3) ~ E(Ulu; ® - XB))

s SJ(XJBS)
:Zj>g+d)vvj+ > % XB
> FO0

2
S X.B
:Zj’9+d’Wj+?V”"I ( '4)

E represents the expectations operator. Using the equations for the wages and the
definitions for the linear combinations of the X’s and u's, we can write the equation asin line
two of 5.3. Thefunctionsf and F are, repectively, the density and distribution functions of the
gtandard normd. Applying iterated expectations and the definition for the conditiona
expectations, we can amplify asin the last line of 5.3. Lambdain the last line of 5.3 isthe
truncated probability digtribution function for the probaility of observing the individud in the

working sample®*

Equations 5.31-5.34 give the definitions of the norma digtribution, the margina

distribution, the conditiona digtribution, and the relationship between the joint normd, the

24 The density function for the truncated normal distribution of y with mean u, variance s %, and
the truncation occurring at cis. f(yy <c) :Si(f (?)/F (%)) . See Maddala (1994) p. 5.
y y y
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margina and the conditiona didributions. Frgt, f(v,u) isthe joint norma distribution function for

v and u. Thenv and u are normdly digtributed;

5 B és?2 s (0
5.31) ?2~ Ngye " %
ug 0 & s

2

ST

The margind digributions ares

f,(v)= N(o,s 2)

v

>%) f,(u) = N(0;s ).

The conditiona digributions are;

S
5.33)
f(u|v) =N S%“ W,s 2(1- r %)=,
S
wherer = —2_ Hndly,
s .S
5.34) f(v,u) = f (Mu) f,(u).

Equation 5.35 shows in more detall the trangtion from line 2 to line 5 in equation 5.3.

Specificdly, expanding the last term on theright in line 2 of equation 5.3 we get equation 5.35.
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¥ XjB
E(vj|uj 3 -XjB):QQ vjf(vj,uj|uj 3 - X;B)du;dv,

¥ XB

O, Vif(v|u)fu(yju; ® - X B)du,dv,

X B

Qj uAfu(uA|u‘ 3 - X;B)du,

vu \XiB Sf(/)
52 Q (X IV)du
yf(xi%)

s F(le%)'

Thefunctionsf and F are defined asin 5.3. The step from line 3 to line 4 in equation 5.35 uses

5.35)

(7))

the definition of the dengity function for the truncated digtribution (see note 24).

Equation 5.3 demongtrates the problem with an OLS regresson of H on Sand W. If X
and Z contain some of the same regressors and s, does not equal zero, then d and g will be
biased. The bias from an OL S regresson can be seen by looking at the OL'S estimate of g.
Representing equation 5.1 in matrix notation and ignoring wages for the moment, g*o=(Z' Z)
'Z’H - (2 2)"'Z’'V. Under normal circumstances the assumption that the regressors and the
error are uncorrelated resultsin Z'V disappearing. The non-randomness of V in the hours
worked regression for only the working sample, however, meansthat Z'V will not disappear.
Hence, g"ois Will be biased. In practica terms, this means that there is something different about
the working sample, and this difference islikely to be correlated with the observed variables.
Finaly, equation 5.3 shows how the sample selection problem can be trested as an omitted

variable bias problem and solved by including an estimate of lambda
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Expected Wage Conditiona on Working
As mentioned previoudy, one mgor problem with estimating labor supply at the cross-

sectiond leve isthat wages are not observed for people who do not work. This means that
estimates of the probability that an individua works cannot use observed wages. One solution is
to estimate wages for those individuas who do work, and then use the estimated parameters to
predict wages for dl individuas. Similar to the hours-worked equation, this procedureis
plagued by sample selection problems. People with high unobservables (large postive errorsin
the wage equation) will have high wages, and thisis likely to be correlated with the participation
decison. Conversdly, people with low unobservables will have low wages and tend not to
participate in the labor force. Therefore, estimating wages for the working population, and not
taking into account the sample salection or omitted variable bias (OVB) will produce biased
estimates of the parameters. Equation 5.4 illustrates the problem. First, from equation 1.0 s 1
and s 1, are defined as the variance for the market wage error term and the covariance between
W, and w, respectively. Following the same procedure asin 5.3, equation 5.4 showsthe
expected wage conditiona on working.

E(VVJ|VVJ ) \er 30)=X;;B, + E(uil|vvi ) V\/].r *0)

= X;;B, + E(uy|X B+u; ® 0)

54) = X,,B, +E(u,Ju; ® - X,B)

2 .
- x5, +&L82)] (m7)

Equation 5.4 illustrates the sample selection problem as an OVB problem, where lambdaiis the

omitted variable from the OL S regresson. Lambdais defined asin equation 5.3.
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Both equations 5.3 and 5.4 illustrate the problem of estimating hours and wages from
only asample of workers. Maddaa (1994) suggests that researchers should first do a probit
estimation of the zero-one participation decison and then calculate an estimate of | for each
observation using the estimated parameters from the probit. The estimate of | isthen added to
the OL S regression of the hours equation, and can aso be added to the OL S regression for
wages. Maddaa (1994 p.222) suggests that this process of iterated estimation will obtain the

Maximum Likelihood (ML) estimates of the parameters.

Probit Maximum Likelihood Procedure
This section demondgtrates the probit procedure for the estimation of participation in the

labor force. In order to facilitate the estimation of participation and the subsequent hours and
wages eguations we assume that the error terms are distributed normally. This assumption
alows usto use the standard norma didtribution in the estimation of the participation decision.
Using the same notation as in the previous section and the definition of the sandard normd, the

probakility of observing an individua in the working sampleis:

Prob(W, - W' 2 0) = Prob(l, =1) = Prob(u, ® - X,B) = F(X,B)
\Xi% 1 _t2
5.5) Where  F (X,B%) =, " ——exp( )t

A2p
-B
and B* A

Given eguation 5.5, the likdihood function, the log of the likelihood function, and the

first derivative of the log of the likelihood function with respect to B* are®

4 represents the partia derivative.
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L=OIF(X,B)"[1- F(X,B)""

J

5.6) LogL:é IjLog[F(XjB*)]+é_ [1- I,]Log[1- F(X,B")].
fiLogL _  _ 2 I, - F(X;B") *
mB* S(B%) _6} F(X,B*)[1- F(XJB*)]f (X;B%)

The probit estimation chooses the parameters, B*, in order to maximize the likelihood
of observing dl of the observations. By setting S(B*) equa to zero we can solve for the set of
parameters that maximize the probability of observing the sample. The information matrix, 1(B*),
is the sacond derivative of the log likdihood function with respect to B*. Since S(B*) is
nonlinear in B*, the ML estimates must be obtained by an iterative procedure. Using an initid
estimate of B*, say By, B1 can be found by B,=By+[1(Bo)] “S(By). Findly, after converging to
an edimate of B*, say B, an estimate of the variance-covariance matrix can be obtained from
1(BN).

Sample Selection Corrected Ordinary Least Squares
From the probit estimation we obtain estimates of B”. This dlows usto creete an

estimate of lambda for each observation. Next | ~ is added as one of the regressorsin both the
wage and hours regressions. The addition of | ” for each observation diminatesthe OVB

associated with the estimation of hours and wages.

This estimation procedure has a number of data requirements that are fairly stringent.
For the identification of the parameters in the hours regression with the incluson of lambda, a
sufficient condition isthat X contains more regressors than Z. However, leaving out an important

variable could possibly produce OVB. A necessary and sufficient condition isthat X contains
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some regressor that is correlated with participation but not correlated with hours. Moreover, if
we want an estimate of wages from the andys's, then we need something that is correlated with
participation but not correlated with wages. This requirement is equivaent to requiring
something corrdated with the individua vauation of time but not correlated with the market
wage. This dissertation uses the time spent in transportation to work as a variable correlated
with the participation decison but not with wages. Loca unemployment is used as avariable
correlated with the participation decison but not with the hours decison. Findly, experience
should affect the market wage, but age, not experience, should affect the desired hours of work,
and the reservation wage. Therefore, trangportation time to work can be included in the probit
but excluded from the wage regression. Loca unemployment can be included in the probit but
excluded from the hours regresson. Age should be included in the probit and hours regression,
but excluded from the wage regresson. Findly, experience should be included only in the wage

regresson.

Identification of lambda in the wage regression is insured by leaving age, age squared,
contemporaneous fertility, and for 1980 and 1990 an estimate of trangportation time to work
out of the wage equation. Leaving loca unemployment out of the annua hours equation insures

identification of lambdain the hours regression.”

2 Trangportation time to work is available in sample years 1980 and 1990 for the migration
sample of the long form. Transportation time records the total amount of time in minutes that it
took the worker to get from home to work. Because this variable is only available for a
subsample of the workers an estimate is used for al individuals, see appendix A for the results
of the estimation. Age and age squared are exogenous variables in the participation estimation,
while experience and experience squared are used in the wage equation. While the age versus
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Table 13-5 in gppendix A shows the estimation results of an OL S regresson of time
gpent in transportation to work on 300 regressors. There are 287 dummy variables representing
metropolitan areas that are not shown in the table. The intercept includes white resdentsin the
Didtrict of Columbia The regresson explains about 9% of the variation in trangportation time.
Interestingly, being female reduces the amount of time spent in transportation t work by about 4
minutes, while being black increases the amount of time by roughly the same amount. Each
automobile owned by the household reduces the time spent in getting to work by about haf a
minute, while the number of trucks the family owns increases the time by hdf aminute. Findly,
being married increases trangportation time by amost aminute and a haf. The actud vaues for
trangportation time cannot be used because they are only available for the working sample’

Predicted values for adl of the observations are created.

Concluson
In this chapter, a theoretical mode of family fertility and labor supply decisions was presented.

The Theoreticd modd illudtrated the difficulty in theoreticaly predicting the effect of wages on
labor supply. It aso showed that changes in the wages of one spouse could have different
effects on the labor supply of the other spouse depending on the complementarity or

subgtitutability of spousal time spent outside of work. Specificdly, if the time spent in leisure and

experience variable could potentidly be useful, they are highly correlated; Experience equals age
less time spent in education.

2" Similar to the problems that we encountered when looking at wages we could have asample
selection problem with using only the people who worked as our sample for trangportation time.
However, if people use the time spent in trangportation of their neighbors and friends or the city
asawhole as an indication of thetimethat it will take them to get to work then the appropriate
variable isthe average time in each metropolitan area.
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the production children is complementary, then the effect of a change in the spouse’ swage rate
is the same as a change in the own wage rate. Conversdly, if, as one might suppose, Soouse’s
time is a subdtitute for own time in the production of children, then some the effect of an incresse
in the spouses wage on own labor supply is negative. If the hushand' s time can be subgtituted
for the wifé stime in the production of children, then the demand for the husband stime

devoted to children will increase with increases in the wife' s wage.

Thetheoretica effect of the EITC was aso explored. The EITC in theory should have a
positive impact on fertility. The EITC acts like a subsdy to the cost of having achild and
therefore can be considered as a price reduction. A reduction in the price of children, assuming
that children are anorma good, resultsin an unambiguous increase in the desired number of

children.

In the empirica section the problems with estimating fertility and labor supply were
described. The decisions are Smultaneous and require the use of some exogenous variation in
order to disentangle the effects of fertility on labor supply. In addition to the Smultaneous nature
of the decisonsthereis aso a problem with sample sdlection in the observed wage rate. People
who work have an observed wage rate, while those that don’t work do not. Thus the observed
wage may be capturing the effect of some other variable, the desire to work for example, not
measured in the data set. The Heckit procedure is shown to be a solution to the problem of
sample sdlection. Specificaly, the Heckit procedure controls for the inherent omitted variable

biasin the OLS regression of annua hours of work or the wage rate.
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Chapter 3 Cross-Sectional Estimation of Fertility
In this chapter, the results of the fertility analysis are presented. The analys's presented

here will not only focus on fertility but also on the impact of the EITC on fertility. The principa
reason for focusing on the effect of the EITC on fertility it that the EITC isapolicy varidble that
dlows policy makers to have some influence over fertility.?® This chapter Starts out with a
discussion of previous research on the effects of federa policy varigbles on fertility. Next, a
detailed discussion of the structure of the EITC program and the current literature regarding its
effects on labor supply and children are presented. Findly, the results of the estimation

procedure are shown.

Chapter 4 Introduction
The previous sections showed the theoretical effects economic variables are believed to

have on fertility, aswell as the estimation methodology employed in the cross-section estimation
of fertility and labor supply. In addition to the economic variables discussed previoudy, a
number of articles have shown that policy variables can have an impact on fertility decisons as
well. The following results show that demographic, economic, and policy variables can have an
impact. Increases in the EITC are shown to increase the probability of observing abirthina
household. Thisis an important result for the study of the impact of the EITC on the economy.

Previous studies of the EITC assume that digibility for the EITC is endogenous through

%8 The presentation in this section and the concectration on the effects of the EITC are
influenced by the fact that the effects of the EITC on fertility were analyzed as an independent

study.
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adjustments to the number of hours worked. However, none of the sudies dlow for digibility to

be a choice that the family makes by adjusting the Sze of the family.

Researchers have shown that federa policy variables have an effect on fertility.
Specifically, researchers have shown that the value of the federal dependent exemption is
positively associated with fertility choices made by women (Whittington, Alms and Peter
(1990), Whittington (1992), Gohman and Ohsfeldt (1994), and Georgellis and Wall (1992)).
Zhang, Wuan, and Van Meerbergen (1993) found that the Canadian federal exemption and
other federd family policies had a positive and significant effect on Canadian fertility. However,

there has been no research on the effect of the EITC on fertility.

Using samples taken from the Census Bureau’ s PUM S data sets, this research finds that
the EITC increases the probability of observing a birth in a household for the years 1980 and
1990. The femae wage rate is shown to have a negative impact on fertility suggesting that the
subdtitution effect is dominating the income effect. Income, defined as dl other sources of
income other than one's own earned income, is shown to have a pogtive effect on fertility in
1980 and 1990, and an ingignificant effect in 1970. Being married and having a spouse who
works are found to have the two largest impacts on fertility, with the number of children under
the age of five coming in adose third.?® The positive and significant results for the EITC are

shown to be robust across a number of samples and specifications. The EITC dadticity of

# During the 1980 s there was an increase in the number of out-of-wedlock births with well
over the mgority of the births coming from teen-age women. While there isimportant work to
be done analyzing the determinants of teen childbirth, those issues are beyond the scope of
this dissertation. For a detailed andysis of the fertility in 1990 see U.S. Bureau of the Census,
Current Population Reports, Series p-20, No. 454, Fertility of American Women: June
1990, U.S. Government Printing Office, Washington, D.C., 1991.
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fertility is shown to range between 0.012 and 0.1 depending on the sample and specification

used.

The EITC dadicities, while smal, can have large impacts with reasonable changesin the
vaue of the credit. Assuming that families will respond smilarly to the $500 child tax credit
enacted in 1997 asthey do to the EITC, these results imply that the probability of observing a
birth in the average household will increase by 10%, adding roughly 400,000 births a yesar.
There are anumber of differences between the EITC and the child tax credit. First, the EITC is
targeted at the working poor, while the child tax credit appliesto al families with incomes less
than $110,000. Secondly, the EITC is refundable while the child tax credit is not. Thus,
compared to the EITC, the child tax credit increases the digible population (abeit to a
population which may not view $500 as enough of an incentive to increase fertility) and does not

adlow individuas to receive arefund of the credit.*

The results presented in this section suggest that not only are there unintended
consequences to the EITC program (increased fertility), but that previous studies of the |abor
supply effects of the EITC may have ignored an important aspect of the program. Perhaps more
importantly, previous studies have used single women without children as a control group for
andyzing the effects of the EITC on labor supply. The results presented here suggest thet this

control group is dso affected by the EITC through increased fertility.

%0 See Chapter 7 for agenerd equilibrium analysis of the effects of the $500 child tax credit on
the population and the economy.
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The data used for the study of fertility and labor supply in Chapter 4 are from the long
survey of the decennid census, Integrated Public Use Micro-data Sets. Because of the large
gze of the data sets (over 2 million observations for 1990) and the wide range of demographic
and economic variables avalable, this data set isided for sudying questions of family fertility

choices.

Chapter 5 Earned Income Tax Credit
The Earned Income Tax Credit (EITC) has become an important government program

combating poverty. Scholz (1994) estimates that 80-86% of digible households received the
credit in 1990. Roughly 10 million households are digible for the credit, making the EITC one of
the largest trandfer programsin the U.S. Eligibility for the EITC is dependent on having earned
income and dependent children. Many researchers have analyzed the effects of the EITC on
labor supply and income. The EITC theoretically has two principa effects on labor supply.

Firgt, through increasing income, it tends to reduce labor supply. Second, through different
effects depending on household income, the EITC ather increases net wages and tends to
increase labor supply, or it reduces net wages, and like the income effect, reduces labor supply.
Empirical estimates of the effects of the EITC typicdly show that it reduces hours of work for
those who work (Dickert, Houser, and Scholz (1994)), reduces disposable income (Browning
(1995)), and increases participation in the labor force (Dickert, Houser, and Scholz (1994), and
Eissaand Liebman (1995)). All of the studies of the effects of EITC on ether hours worked, or
participation are careful to control for possible endogeneity of digibility through changing labor

supply. However, none of the studies control for possible endogeneity through changing family
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gze EITC digihility is dependent on children in the household, so changesin family size could
change digibility satus

The EITC wasasmdl program indituted in 1975 designed to dleviate the
regressiveness of FICA taxes. The program was targeted at the working poor who had
children, and provided a credit, not an exemption, to individuas. In 1986 there was an

expansion of the EITC program as an dternative method of combating poverty. The expanson

increased the maximum credit amount and the cap on tota income.

The credit is refundable, meaning that the credit is refunded to digible tax filers
regardless of their tax liability. Persons who file atax report, have a dependent child, have some
earned income and tota income not exceeding $10,000 in 1979 were digible for the credit. In
1979 the maximum credit was $500. For household incomes between $0 and $5,000, the
EITC credit rises ten cents for each additional dollar earned. For earned incomes between
$5,000 and $6,000 the credit was $500. Above $6,000 of earned income, the value of the
EITC credit falls 12.5 cents for each dollar earned. For households with earned incomes over
$10,000, the credit was not available.® The 1986 expansion resulted in an increasein the
maximum credit and the range over which the credit is phased out. In 1989 the credit was fully
phased out at $19,340 with a maximum credit of $910 dollars for income levels between

$6500 and $10,250.

3! See gppendix A in Eissaand Liebman (1995) for phase-in and phase-out rates of the EITC
from 1975-1996.
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Figure 3-1 Benefits of the EITC by Income 1979, and 1989
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Figure 3-1 shows the nomind dollar vaue of the 1979 and 1989 credit by income levels. For
every dollar increase in the phase-in range up to $5000 the 1979 credit increases by $0.10. In
the flat range between $5000 and $6000 the value of the 1979 credit remains congtant, and in
the phase-out range, over $6000, the 1979 credit is reduced by $0.125 for every dollar earned.

The figure shows the fairly large expansion of the EITC program.

The EITC isarefundable credit for individuas having a dependent child in the
household. Thislink to dependent children immediately raises the possbility thet families
percaive the credit as a subsidy for having children. In addition 99.5% of the recipients receive
the trandfer in alump sum, and the trandfer is the same regardless of when the child isborn in the

caendar year, further suggesting thet the transfer subsidizes having children.®

% See Scholz (1994).
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In 1979 the maximum EITC transfer was $500. Evauating dong the flat portion of the
EITC, this represents between 8.3 and 10% of the beneficiary’ sincome. Total annua child
costs including day-care have been estimated to range from $3405 to $7293 in 1982 (see
Whittington, Alm, and Peters (1990) table 1 p. 546). Averett, Peters, and Waldman (1992)
estimate that in 1986 child day-care costs between $0.77 and $1.70 an hour depending on the
type of care. Using the higher estimate, inflating it to 1989 prices by the CPI, and multiplying it
by the average number of hours worked by women who worked in 1989, 1551 hours annudly,
the cost of child care for the average woman in 1989 was $2947. In 1989 the maximum credit
was $910 dollars representing 31% of child day-care costs. These figures indicete that the
EITC trander to families with dependent children is a substantiad amount of money that can be
used to offset the cogt of having achild. Given the nature of the program, atransfer of income to
parents, and the Size of the transfer, it seems reasonable to ask the question: by reducing the
cost of having achild does the EITC increase the likdihood of observing abirthin eigible

households?

Chapter 6 Fertility Results
Table 3-1 shows the mean and standard deviation of a number of variables for the

1970, 1980, and 1990 fertility samples. The mean number of births has declined from 6 births
per 100 women in 1970 to 4 births per 100 women in 1990. The mean age of women has
increased dightly from 33.8 in 1970 to 34.2 in 1990. This change reflects the changing age
compoasition of the U.S. The aging of the Baby Boomers not only accounts for theincreasein

the mean age between 1970 and 1990, but aso accounts for the dight dip in mean age in 1980.
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The tax vaue of Sate exemptions (State tax rate multiplied by the exemption dollar vaue) has
been gteadily increasing in nomina terms from $14.07 in 1970 to $33.86 in 1990. However, in
1990 dallars the vaue has falen from over $40 to $33.86. This represents a declinein the vaue
of state dependent exemptions from those seen in 1970. Importantly, women in the sample
have, on average, more education in 1990 than they did in 1970. In 1970 they had dightly less
than a high school education, avaue of 15 corresponds to an education through 12th grade,
whilein 1990 they had on average dightly more than a high school education. The table shows a
gteady decline in the percentage of women who are married. In 1970 66% of the women aged
16-55 were married, whilein 1980 and 1990 59% and 56% of the women were married. In
addition to the declines in the birth rate for women, there dso has been amarked declinein the
number of children that women have, on average. In 1970 women had on average 25 children
between the ages of 1 and 5 per 100 women, while in 1990 that number was 21. Smilarly for
children over 4 in 1970 there were 110 per 100 women and in 1990 there were 81 per 100

women.



Table 3-1 Means and Standard Deviations of Dependents and Regressors (1970, 1980, and
1990)

Fertility Samples 1970 1980 1990

Women Ages (16-55) Mean St.Dev| Mean St.Dev] Mean St Dev.
Births (Ratio) 0.06 0.24 0.05 0.22 0.04 0.20
Age 3383 1880 32.87 19.24 3422 19.09
Age Squared 128545 1794.62] 121038 185809 128560 1907.85
Log of OLS Estimate of Wages 0.36 0.50 125 0.38 187 042
Log of Selection Corrected Wages 0.37 052 128 0.35 191 0.40
Other Hhid Income $1000 7.69 6.79 14.70 14.62 24.40 29.46
Tax Vdue State Exemption 1407 17.6] 26.73 3249 33.86 5131
State Tax Rate 0.03 0.03 0.05 0.04 004 0.04
EITC 1830 10371 4506  203.06
Y ears of Education (15=HS) 13.39 3.2 15.14 318 15.67 2.96
Married 0.66 049 0.59 0.50 0.56 0.50
Married Quarter 1 0.15 0.37, 013 0.34

Married Quarter 2 0.22 0.43 0.20 041

Married Quarter 3 021 041 0.20 040

Married Quarter 4 0.19 040 0.16 0.38

Husband Labor Participation 0.62 0.50 056 0.50 053 049
No. Children 1< age<5 0.25 049 0.20 042 0.21 044
No. Children age>=5 110 135 0.89 114 0.81 101
Twins at First Birth 0.01 0.08, 0.01 0.07| 0.01 0.09
Twins at Second Birth 0.01 0.07 0.00 0.06 0.01 0.07
First 2 children same gender 0.18 0.33 014 0.30 013 0.29
Two or More Children 0.39 045 034 043 0.32 043
Husb. Part. * No. Child 1<age<5 021 045 0.16 0.38 0.16 0.38
Hush. Part. * No. Child age>=5 091 1.26] 0.68 103 059 0.90
Teenager 0.14 0.30, 013 0.29 0.10 0.25
Hhid. Income <30k 1990, <20k 1980 055 0.50 047 0.50
Hhid. Income <25k 1990, <15k 1980 041 049 0.39 049

The average vadue of the EITC in Table 3-1 aso shows a marked increase from 1980
to 1990. The average vaue of the EITC in current dollarsincreased from $18.30 in 1980 to
$45.06 in 1990. In 1990 dollars the EITC in 1980 was $28.07. Theincrease in red value from
1980 to 1990 represents the effects of the 1986 expansion of the EITC program. The increased

subsidy to parentsin 1990 from 1980 might lead to an increased effect of the EITC in 1990.
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Table 3-2 shows the results from two different Logit specifications of the probability of
observing abirth in ahousehold for the years 1970, 1980, and 1990. The Logit functionisP =
€@/(1+€*®), where P is the probability of observing the outcome, e represents the exponential
function and Xa are the regressors and the parameters, respectively. The Table presents the
resultsin the form of dadticities and the average fixed effects. The eadticity with respect to X is
defined as (1-P)* Xa, where a isthe parameter, Pisthe probability of observing abirth
evauated a the mean, and X isthe regressor. The average fixed effect is the percentage change
in the probability with a change from avaue of zero to one for the dummy variable evauated a
the mean vaues of the other regressors; ([P(Dummy=1)-P(Dummy=0)] / P(Dummy=0))* 100,
where () is the probability function. The “wage OLS’ specification uses the predicted vaue of
the log of wages from an OL S regression of wages. The “wage Heckit” specification uses
instead the predicted vaue of the log of wages from a regression of wages on experience,
education, maritd satus, loca unemployment, and occupation and state dummies, using the

Heckit correction.

All of the specifications across al of the years suggest that the probability of observing a
birth isinitidly an increasing function of age, but at a decreasing rate. The trangition points where
age darts having atota negetive effect on fertility are a age 43 in 1970, age 50 in 1980, and
age 53 in 1990. The trangition points are increasing from 1970 to 1990 reflecting the fact that
women are having children later in life. All of the specifications suggest thet the log of the wage
rate (wage OL S and wage Heckit) decreases fertility. WWomen who have a higher opportunity

cost of time spent in the production of children have fewer children. Moreover, the effect of
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wages on fertility isincreasngly important. The dadticities decrease from -0.5in 1970t0-3.1in

1990.

Maritd status and number of children ages 1 to 4 have a positive impact on fertility
across dl years and specifications. Being married increases the probability of observing abirth
by 148% in 1990. In percentage point terms, the 148% increase in the probability of observing
abirth, evduated at the mean, trandates into a 1.1 percentage point increase from 0.74% to
1.8%. In addition to current marital status the Table presents the average fixed effects for the
quarter in which the woman was first married for the years 1970 and 1980. The left out persons
are those who have never been married. The parameter estimates for each quarter of marriage
are ddidicdly different from each other. Despite the tenfold difference in the size of the effect
between 1970 and 1980, thereis a clear pattern of increased probability of birth for women
first married in the second and third quarters of the year.** Having two or more children reduces
the probability of observing a birth. However, having twins at the firgt birth has an inggnificant
effect in 1970 and 1990, and a positive effect on the probability of observing a birth in 1980.
Twins a second birth has a digtinct negative effect on the probability of observing a birth for al
years. Findly, athough firgt two children of the same gender are inggnificant in 1970 it raises the

probability of observing a birth in 1980 and 1990.

Smilar to the effects of maritd status on fertility, having a husband participate in the

Iabor force has a significant impact on the birth probability. Husband participation increases the

% Quarter of marriage is dso correlated with anumber of outcome variables including the
likelihood of being widowed, and divorced. Women married in the first and fourth quarters
are more likely to be widowed and divorced than those married in the second and third
quarters. See Tables 9-9 through 9-11 for frequency tables by quarter of marriage.
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probability by 83% in 1970 and dmaost 200% in 1990. Recalling from the previous table that
the mean number of husbands participating in the |abor force has aso been declining it is not
surprising that the spouse’ s participation plays an increasingly important role in the decison to
have children. In dl of the specifications, except the 1970 wage Heckit specification other

household income increases the probability of observing abirth.
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Table 3-2 Logit Estimation of the Probability of Birth (full samplesfor 1970, 1980, and 1990)

Sample Year 1970 1980 1990
Specification Wage Wage |Wage Wage [Wage Wage
OLS Heckit |OLS Heckit |OLS Heckit
Elasticities
Age 9904 102241 14355 15009 15798 16.696
Age Squared -8.724 -8838 -10524 -10.862 -11.542 -11.897
LnWageOLS -0.524 -2.646 -2.194
Ln Wage Heckit -0552 -3573 -3.160
Other Hhid Income 0028" -0013%| 0165 0222 0117 0.149
Tax Value State Exemption -0040° -0030°| -0480 -0542| -0012° -0.014°
State Tax Rate -0.255 -0238 -0157 -0197] -0285 -0.325
EITC 0.047 0.048] 0.042 0.041
Education 0423 0528 1503 -1.198 1246 1718
Average fixed effects for Dummy and Discrete Variables
Hhld. Income <30k 1990, <20k 1980 36.2 374 339 44
Married 576 569 2023 2249 1489 1478
Married Quarter 1 6934  667.1 69.8 76.0
Married Quarter 2 7717 7400 78.1 85.3
Married Quarter 3 7436 7140 80.0 87.4
Married Quarter 4 7224 6944 738 80.6
Husband Labor Participation 832 837 1335 1194( 2155 199.2
No. Children 1< age<5 826 79.7) 86.3 75.2 1411 1297
No. Childrenage>=5 11.3 10.7] 294 25.8 371 333
Twinsat First Birth 712 700 365 413 118 102
Twins at Second Birth -106° -104° -410 -436) -230 -230
First 2 children same gender 1.8 174 142 159 70 66
Two or More Children -51.7 -508 -615 -64.7 -593 598
Hush. Part. * No. Child 1<age<5 -44.6 -44.1] -385 -335 -491 457
Husb. Part. * No. Child age>=5 -184 -18.1] -35.1 -36.5] -370 -375
Teenager -334 -28.7] 10.1 76 55.1 301
-2LogL
Intercept and Covariates 132493 132498 151284 150910 162271 156795
Intercept Only 177361 177361 199490 198955 204391 197561

All estimates are significant at the 1% level unless noted otherwise below. 1 Significant
at the 5% level. 2 Significant at the 10% level. 3 not significant. Other variables not
shown here are dummy variables for immigration status, metro status, racial and ethnic
background, and for the 1980 and 1990 yearsindicators of English speaking capabilities,
and school attendance in the previous year. In addition, all of the full specifications
included occupational and state dummies. Married in quarter 1-4 are all statistically
different form each other in both 1970 and 1980.

For the years 1980 and 1990, when the EITC program wasin place, the value of the
EITC had a postive and sgnificant effect on fertility across both specifications. Recalling the
theoretical model of the demand for births, the positive effect suggests that families perceive the
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EITC asasubgdy to the cost of having a child. Using the Heckit specification estimate of the
elagticity of the EITC on fertility suggests that a 10% increase in the vaue of the EITC would

result in 20.48% increase in 1980 and a 0.41% increase in 1990.

In anumber of articles the federd vaue of exemptions has been shown to have a
positive and significant effect on the probability of observing a birth. However, Whittington
(1993) was unable to find a significant effect of the tax vaue of state dependent exemptions.
The tax value of state dependent exemptions like the EITC, theoreticaly, acts as a subsdy to
the price of having achild. Using a different data s&t, this research confirms Whittington' s results
that families do not take into account the state tax value of dependent exemptions when making

fertility choices.

Except for the Heckit specification in 1980, education is positively associated with
increases in the probability of observing abirth. Educationd atainment islikdly to be highly
suggestive of expected labor market participation. Individuas who are not intending to
participate heavily in the market are likely to invest lesstime in acquiring costly human capitd.
Educationd attainment aso plays an important role in the estimation of wages, see appendix A.
So, while educationd attainment is endogenous, it is necessary to control for it in order to get an
unbiased estimate of the effect of wages on fertility. However, interpreting the eadticities for
educetion is problematic. Education appears to be positively correlated with fertility, except for
the “Wage Heckit” specification in 1980; however, education could easily be compensating for

the effect of education on wages, or picking up the effect of the education of the spouse.
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Table 3-2 showed two specifications for the probability of observing abirth. The
results across the two specifications are largely the same. However for the variables that we
might anticipate are strongly related to labor force participation -wages, income, education-
there were differences in the effects these variables had on fertility. This suggests that the use of
the Heckit procedure isimportant in accounting for the sample selection inherent in estimating

wages. ¥

For both 1980 and 1990 the specifications included adummy variable for incomes less
than $30,000 in 1990 and $20,000 in 1980. The EITC isa program aimed at the working
poor, so an andysis of the effects of the EITC usng asample for al individuas regardless of
their income might be smply capturing the effect of being in the lower portion of the income
digtribution. In order to control for that possibility adummy variable is used. In both years and
specifications the effect of being in the lower region of the income ditribution is to increase the
probability of observing a birth. In 1980 the probability of observing a birth evauated at the

mean increased by 36-37%, while in 1990 the probability increased by 34%.

3 See Appendix A for a comparison of the parameter estimates for the OL S and the Sample-
Selection-Corrected OL S of the log of wages.
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Table 3-3 Logit Estimation of the Probability of Birth for Low-Income Households

Women age 16-55 by Household Income 80 and 90 samples only

Y ear 1980 1990
Household Income less than $20,000 $15,000 $30,000 $25,000
Elasticities
Age 13734 8.148 15.380 13.326
Age Squared -16.781 13533 -18923 -17.6%4
Selection Corrected Log Wage -2.509 -1.570 -2.863 -2.455
Other Hhld Income 0229 0.179 0123 0.120
Tax Value State Exemption -0.270 -0.064° 0.021° 0.027
State Tax Rate -0.598 -0.726 -0.366 -0.353
EITC 0.097 0.102 0.055 0.053
Education -0.018 -2.408 1.220 1.015
Average fixed effects for Dummy and Discrete Variables
Married 202.3 165.5 1326 1228
Married Quarter 1 60.1 55.5
Married Quarter 2 73.2 85.9
Married Quarter 3 741 75.5
Married Quarter 4 711 80.9
Husband L abor Participation 107.9 93.8 1537 1529
No. Children 1< age<5 64.2 443 88.3 833
No. Children age>=5 237 155 27 198
Twinsat First Birth 30.7 20.1° 14.6° 208
Twins at Second Birth -386 344 -15.4° 54
First 2 children same gender 17.9 9.8 39 8.0
Two or More Children -57.8 -45.0 39 -46.4
Husb. Part. * No. Child 1<age<5 -375 -324 -44.2 -43.9
Husb. Part. * No. Child age>=5 -32.2 -24.4 -35.8 -334
Teenager -209 -16.6 2.2 32
-2LoglL
Intercept and Covariates 82864 55286 67756 54093
Intercept Only 107641 72319 83653 66671

All estimates are significant at the 1% level unless noted otherwise below. 1
Significant at the 5% level. 2 Significant at the 10% level. 3 not significant. Other
variables not shown here are dummy variables for immigration status, metro status,
racial and ethnic background, and for the 1980 and 1990 years indicators of English
speaking capabilities, and school attendance in the previous year. In addition, all of
the full specifications included occupational and state dummies. Married in quarter 1-4
are all statistically different from each other.

The dummy variable for incomes less than 30,000 in 1990 and 20,000 in 1980 certainly
is accounting for some effect of being in the lower portion of the income distribution. However,

al of the other variables are congrained to be the same and so we may il be attributing
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something to EITC that is merdly the effect of being in the lower region of the income
distribution. To reduce further the likelihood that EITC is an unintended proxy for having alow
income Table 3-3 shows the results of Logit regressions for the years 1980, and 1990 where
the sample is only from the lower portion of the income digtribution. The two different samples
presented in Table 3-3 are for 1980 households with income less than $20,000, and households
with incomes less than $15,000. In 1990 the first sampleis for households with incomes less
than $30,000, and the second sampleis for househol ds with incomes less than $25,000. One of
the criteriain choosing the cutoff pointsis thet the sample includes al of the possble incomes for
EITC digibility. Thus, dl of the samplesindude the full range of possible incomes for EITC
digibility.

Across both years and the two different samples, the EITC has a positive and sgnificant
effect on fertility. Rather than giving smaler impacts, restriction to the low income households
increases the effect of the EITC on fertility. Reducing the sample resulted in an increase in the
eadicity from 0.05 in 1980 with the full ssmpleto 0.10 in the smdler sample. Smilarly, the

eladticity increased from 0.04 to 0.05 in 1990.

Since the EITC is dependent on having some earned income, it is possible that the
EITC has a differentid effect for married and single women. Married women, if they drop out of
the labor force at the occurrence of abirth, are more likely to have earned income from their
spouse than are single women. However, single women may be more likely to both ay in the
labor force and to be digible for the EITC. Table 3-4 shows the results of etimating the fertility

equation separately for married and single women for a Logit with the years pooled. The pooled
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estimation uses 1984 dallars for the EITC, wages, other household income, and the vaue of

State exemptions.

Comparing the different estimations, it gppears that the EITC influences sngle women
more than married women. Interestingly, educationd atainment seemsto have a differentia
effect for women who are married and women who are single. For single women, higher
education levels are associated with lower probabilities of birth. This difference may reflect
differencesin risk averson. Single women with more education may be more risk averse and
consequently have fewer children. The change in the Sgn for married women is o interesting.
This may reflect the endogenous nature of marital status, and pogitive assortative mating on
education and other variables. Women with more education may be more likely to marry men
with more education, and therefore the education variable may be capturing the combined effect

of high education levels of both the husband and the wife.



Table 3-4 Logit Edimation of the Probakility of Birth Pooled Y ears by maritd status

Pooled Sample of Women 1970, 1980, 1990

Sample Full Married Single
Elasticities

Age 13.268 14.872 7.324
Age Squared -10.388 -12.354 -5.454
Wage OLS -0.027 0.082 0.379
Other Hhld Income 0.064 0.166 -0.193
Tax Vaue State Exemption 0.007 0.013 0.022
State Tax Rate -0.017, -0.001 -0.056
Federd Tax Rate -1.938 2.791 -1.289
Tax Vaue Federal Exemption 1.436 -3.606 0.859
EITC 0.024 0.012 0.014
Education 0.078 0.359 -1.012
Average fixed effects for Dummy and Discrete Variables

Married 210.8

Husband L abor Participation 216.2) 65.2

No. Children 1< age<5 165.3 421 1394
No. Children age>=5 35.6 59 240
Two or More Children -56.2 -57.6 -34.0
Husb. Part. * No. Child 1<age<5 -54.9 -17.6

Husb. Part. * No. Child age>=5 -30.8 1.7

Teenager 22 "1 29.6
Year 1970 984 497.6 150
Y ear 1980 120.7 167.2 151

All estimates are significant at the 1% level unless noted otherwise below. 1
Significant at the 5% level. 2 Significant at the 10% level. 3 not significant. Other
variables not shown here are dummy variables for immigration status, metro status,
racial and ethnic background, and for the 1980 and 1990 yearsindicators of English
speaking capabilities, and school attendance in the previous year. In addition, al
of the full specificationsincluded occupational dummies.

All of these resultsindicate that federd policy, in the form of the EITC, has apostive
impact on fertility. Increasesin EITC are shown to incresse fertility. Across anumber of
specifications and samples the EITC is shown to be robust in itsimpact on fertility. Moreover,
the impact gppears to be stronger for single women than married women. Single women who

aremore likely to be attached to the |abor force are also more likdly to increase their fertility
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with increasesin the EITC. Theimplication for sudies of the EITC istha not only is igibility
endogenous by adjusting labor supply, but dso by adjusting family sze. The stronger effect for
sngle women may indicate that the positive effects of EITC found in the labor supply of single

women are to some degree the result of increasesin fertility for these women.

Chapter 7 Conclusion
In chapter 2 it was shown that there are theoretical reasons for thinking thet families

take economicsinto account when making fertility decisons. The fertility results presented here
show that across a number of different specifications, years, and samples, economic variables
not only can play arolein fertility decisons, but dso play an important role in those decisons.
The femae wage reduces the probability of observing abirth by 3.1% for every 1% increasein
the log of wages. Congdering the large increases in both fema e [abor force participation and
wages, it is not surprising that some of the decrease in fertility over the last severd decades can
be attributed to the increased opportunity cost of staying a home with ababy. Smilarly,
household income less one’ s own earned income is shown to have a positive effect on fertility,
increasing the probability of observing a birth by 0.2% for every 1% increase in income. Even
though we are unable to draw any firm conclusions about the effect of education on fertility, the
level of educationd attainment clearly plays an important role in the determination of wages, and
fertility. Education is associated with increases in the probability of observing abirth for married

women, and decreases in the probability of observing a birth for single women.

The effect of the EITC isto increase the probability of observing abirth. The EITC

eadticity of birth is estimated to be between 0.012% for married women in dl years, and 0.1%
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for the full specification in 1980. The variation in dadticities for 1990 is somewhat smdler
ranging from 0.04% in the full specification with al women to 0.05% for al women living in

househol ds with less than $25,000 of household income including one' s own earnings.

The EITC increases the probability of observing a birth for the years 1980 and 1990.
The positive and significant effect of the EITC holds up across a variety of specifications and
samples. Interestingly, in the pooled estimation of fertility, where EITC is zero for 1970, the
results are il sgnificant and positive. These results suggest that further expansions of the EITC
will be associated with increases in fertility. Specificaly, the 1993 OBRA expansion of the
EITC, which expanded the coverage for families with more than one child, should be associated

with anincrease in births.

To date research on the EITC acknowledges that individuas choose their digibility
gtatus by adjusting their hours of work. However, researchers have assumed that choosing
igibility gatus by changing family sizeis not possble. Thisresearch showsthat EITC hasa
positive and significant effect on fertility and casts doubt on the assumption of exogeneity in the
andysis of the effect of EITC on labor supply. In each of the different specifications the effect of
the EITC isfound to be positive and significant. These results are important because other
researchers use single women without children as a control group. The EITC actualy

contaminates the control group by inducing some of these women to have children.

In sum, the cross-section results presented here suggest that there are important policy,
economic, and non-economic effects on fertility decisons. These effects need to be controlled

for in the estimation of labor supply and in projections of population.
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Chapter 8 Cross-Section Estimation of Labor Supply
In this chapter the results of the empirica estimation of labor supply decisons are

presented. Firgt there is a brief introduction to the important issues that are involved in estimating
labor supply, as well as a presentation of some of the stylized facts about |abor supply. Next the
results of the probit estimation of labor force participation for women, married men, and single
men are presented, paying particular attention to the effects of children on their parents' 1abor
supply. Then the results from the sample-sel ection-corrected estimates of annua hours of work
are presented as wdll as the effects of family structure on participation and annua hours of work
for married men. Findly, the chapter concludes with adiscusson of policy implications and a

summary of the results.

Introduction
The previous results show that there can be important economic effects on fertility

decisons. However, just asimportant for the economy are the effects that children have on their
parents labor supply. This chapter explores two determinants of labor supply: those that
children have on parents and those of economic variables. The effects of children on their
parent’swork and those of economic variables on work decisions are andyzed by looking at
the participation and the annua hours worked for women, married men, and single men. A

Heckit procedureis used to control for sample sdlection in observed wages and hours worked.

Numerous studies have andyzed the effect of children on femae labor supply, typicaly

finding that the presence of children, particularly pre-school children, has a negative impact on
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the labor supplies of their mothers. Though the theoretica modd outlined above aso gppliesto
men, few studies have specifically looked at the effect of children on mae labor supply. Angrist
and Evans (1996) found very little in the way of effects of fertility on married maes. Inan
andysis of time-use data for married men, Carlin and Hood (1997) found significant effects of
children on mde labor supply in Sweden. This study finds that men are increasingly influenced
by the combination of family sze and the spouse s labor force participation. When interacted
with the wife' s labor force participation, fertility isfound to decrease hours of work and increase
participation for married men, suggesting that mother and father’ stime are subdtitutes a the
margin but not for primary care of infants. Perhgps more importantly, married men in the 1990
sample reduce their participation by dmost 4 percentage points if their wives work and they

have two children between the ages of 1 and 5.

The results presented here use the predicted fertility from the full specificationin Table
13-6 of gppendix A, if the woman is between the age of 16 and 55 (otherwise the predicted
fertility is0) and actud fertility. While the previous chapter had a number of specifications for
fertility they were principaly formulated to study the effects of the EITC. Consequently, a
different specification that does not focus so heavily onthe EITC is used for the predicted
vaues of fertility in the labor supply regressons. The married male sample links the predicted
fertility of each wife to the husband. Findly, the sngle mae labor supply andyss assumes that
the probability of observing abirth is zero; dl children including infants are used as independent

variables.
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Table 8-1 shows the means for |abor force participation, annua hours, the log of wages,
and anumber of other variables for the years 1970, 1980, and 1990. The average participation
for women age 16 and older has increased 15 percentage points from 41% in 1970 to 56% in
1990. Smilarly, Sngle maes have increased their participation in the labor force from 59% to
69%. However, married men have reduced their participation 8 percentage points from 86% in

1970 to 78% in 1990.
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Table 8-1 Means for Dependent and Independent variables for Labor Supply

Labor Supply Samples Femae Married Mae Single Mae

Age 16+ 1970 1980 1990 1970 1980 1990 1970 1980 1990
Participation 041 0.50 0.56 0.86 0.81 0.78 0.59 0.66 0.69
Annual Hours 16321 14234 15514 21522 20850 21377 16924 15120 16274
Log of Wages (actual) 0.56 135 1.96 131 198 248 0.73 147 198
Age 4316 4289 44650 4564 4605 4773 3353 3181 3416
Age Squared 22162 22103 23583 23205 23705 25230, 15274 13311 14780
Other Hhid Income $1000 6.66 1346 2302 250 727 16.80 392 749 1058
State Tax Rate 0.03 0.04 0.04 0.03 0.05 0.04 0.03 0.01 0.04
Tax Vaue State Exemption 1335 2550 3243 1447 27135 3441 1306 706 3093
EITC 3204 6583 726 1730 3315 7526
Y ears of School (15=HS) 1282 1463 1522 1312 1514 1570) 1262 1461 1494
Loca Unemployment 0.02 0.03 0.03 0.02 0.03 0.03 0.02 0.03 0.03
Estimate Commutetimeto 1976 2044 2396 24.05 2300 2330
work

Probability of Birth 0.04 0.03 0.03 0.05 0.05 0.04

Spouse Part. * Prob. Birth 0.03 0.03 0.02 0.03 0.03 0.03

Dummy and Discrete Variables

Married 0.60 056 0.54

Spouse L abor 052 0.45 0.42 0.39 0.49 0.58

Participation

Birth 0.05 0.04 0.03 0.07 0.06 0.04

No. Children 1< age<5 0.18 0.14 0.15 0.27 021 022 0.01 0.01 0.02
No. Children age>=5 0.87 0.71 0.65 119 0.99 0.88 011 0.07 0.09
Spouse Part. * No. Child 0.16 0.11 011 0.07 0.09 0.12

1<age<5

Spouse Part.* No. Child 0.68 051 043 047 053 0.58

age>=5

Spouse Part.* Birth 0.04 0.03 0.02 0.01 0.02 0.02

Two or more Children 0.29 0.25 0.24] 041 0.37 0.34]

Teenager 0.10 0.09 0.07 0.01 0.00 0.00] 0.33 0.27 0.20
Age Twenty 0.21 0.23 0.19 0.17 0.17 011 0.29 0.37 034
Age30-45 0.24 0.25 0.30] 0.32 0.33 0.37 0.12 0.16 0.24
Age45 - 60 0.23 0.20 0.19 0.30 0.27 0.26 0.11 0.09 0.10
Age Sixty 011 011 0.12 0.13 014 0.15 0.07 0.05 0.05
Age 70+ 0.10 011 013 0.08 0.09 011 0.09 0.06 0.07

* For the single male samples the number of children categories are for number of children lessthan age 5
and greater than or equal to age 5. Spouse participation isazero-one variable equal to oneif you are married
and your spouse works otherwiseit isequal to 0.

The mean number of hours worked by women in the previous year has declined from
1,632in1970to 1,551 in 1990. There was an even sharper dip in the number of hours worked

between 1970 and 1980, from 1,632 to 1,423. This pattern of declining hours worked with a
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sharper declinein 1980 is the same for both the married men and the single men. The declinein
hoursworked in 1980 is principdly the result of the large Baby Boomer generation being in the
young age groups. Figure 8-1 shows the average number of hours worked by age and gender
for the years 1969, 1979, and 1989. The graph indicates that annua hours worked by age are
relatively smilar for dl three years. Men worked dmost identical hoursin 1979 and 1989, with
dightly fewer hours worked in 1969. Women had dightly more variation in the number of hours
worked. Women under the age of 60 worked fewer hoursin 1969 than in either 1979 or

1989.%

% See McGrattan and Rogerson (1998) for amore detailed discussion of the changes in hours
worked over the last 50 years. See dso Katz and Murphy (1992) for an explanation of the
changes in wages that may have influenced hours.
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Fgure 8-1 Mde and Femae Annud Hours of Work by Age (1969, 1979, and 1989)
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The large reductions in marriage rates over the last severd decades are reflected in the
percentage of women who are married, which has declined substantialy from 60% in 1970 to
54% in 1990. Smilarly, there have been substantid declinesin the number of births. The crude
femde birth rate declined from 5% in 1970 to 3% in 1990. Despite the increased number of
women in the prime childbearing yearsin 1980 (the number of twenty-year-olds increased from
21% to 23% of the sample), there is a one-percentage point decline in the crude birth rate from

1970 to 1980.

An important correlated variable for labor supply isthe level of education. In 1970 both
men and women had less than a high school education on average. However, by 1990 only
single men had dightly less than a high school education on average; both married men and
women had dightly more than a high school education. Figure 8-2 shows mae and femae
education by age for the years 1970, 1980, and 1990. The graph indicates that education levels
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have been increasing across the age groups. Indeed, the increases from 1970 to 1980, and to
some extent those from 1980 to 1990, are not just the result of an aging educated populace;

between 1970 and 1980 education levels increased for all cohorts.

Figure 8-2 Mde and Female Education by Age (1970, 1980, 1990), 15 = completion of high
school

Mae and Femde Education by Age
E’—_T _{_’\!&!-.
0 15 ,;"..ﬂ.____i_ 7 = T — — Mae70
5 17 ~ I T e
c / i I~
S 10 e . N |- - --Mde90
g -™M Femade 70
©
L 5 Femde 80
Femae 90
16 26 36 46 56 66 76 86
Age

Probit Estimates of Female Labor Force Participation
Table 8-2 presents the results from probit estimations of the femae probability of

participating in the labor force for the years 1970, 1980, and 1990. The column headed by a
“P’ shows the estimates for fema e participation usng the predicted probability of abirth, and
the column headed by a“B” shows the results for estimates using the actud birth outcome. Two
specifications are presented for each year. The first specification uses the predicted probability
of fertility and the second specification uses a0/1 actud birth outcome variable. Anincreasein
the probability of observing a birth decreases the probability of participating in the labor force.

The dadticities are about the same in 1970 and 1980, but dropped significantly in 1990. A 1%
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increase in the probability of observing a birth decreased the probability of participating by
0.04% in 1970, while in 1990 it decreased the probability of participating by 0.01%. This
reduction in the effect of a birth on participation suggests that changing norms towards mothers
of infants and changing inditutions have made it eeder for women to have an infant and day in
the labor force.*® However, the interaction between husband’ s participation and the probability
of birth had stronger effectsin 1990. A 1% increase in the probability of observing a birth
interacted with husband' s participation decreased the probability of participating by 0.015% in

1970, and by 0.019% in 1990.

The actuad occurrence of abirth, like the probability of birth, aso reducesthe
probability of participating in the labor force. In 1970 a birth was associated with a 55% decline
in the probability of participating, while in 1990 it was associated with a 46% decline. A
husband' s participation in the [abor force interacted with the occurrence of abirth dso hasa
negetive effect on the wife's probakility of participating in the labor force. Given abirth, the
effect of the spouse working is to reduce the probability of the wife working by 25% in 1970,
24% in 1980, and 9% in 1990. The trend in the coefficient for the interaction between birth and
husband' s participation and the probability of birth and the husband' s participation are
divergent. The reduction in importance of the interaction term between actud birth and the
husband' s participation compared with the increasingly negative effect of the interaction
between the probability of birth and the husband' s participation, reflects the changing

dependence of families on husbands and wives for both childcare and income. Recdl from the

% These resuilts are consistent with the results obtained from other studiies of fertility and labor
supply. See Rosenzwelg and Schultz (1985) for adiscussion of the life cycle effects of

76



fertility results that the husband’ s labor force participation had an increasingly important and
positive effect on the probability of observing abirth. The effect of the husband' s participation
on femae labor force participation has a smilar upward trend to the husband' s participation
interacted with the probability of a birth. Thus, a husband' s participation in the labor force
increases the probability of abirth, and the probability of the wife s participation. However, a
husbhand' s participation interacted the actud birth outcome attributes too much of the negative
effect to births and not enough to the interaction terms. Thus, controlling for the smultaneity of
fertility and participation, results in a better estimate of the effects of births and husbands

participation on female labor supply.

The effect of having children between the ages of 1 and 5 and over 5isto reduce a
woman's probability of participating in the [abor force. In 1970 having a pre-school child
resulted in a 15.4% reduction in the probability of participating. By 1990, having a preschool
aged child reduced the probability by 27.2%. The increase in the average fixed effect of having
apre-school child is counter intuitive. However, the addition of a pre-school child isfar more
disruptive in 1990 than in 1970. Thisis precisaly because women are participating in the labor
force morein 1990 than in 1970. This point is borne out in an opposite manner for school-aged
children. In 1970 having a school-aged child reduced participation by 4.5%. By 1990, a
school-aged child reduced participation, on average, by 1.3%. For women who intend to have
acareer outside of the home, school aged children are lesslikely to disrupt their careers than

are pre-schoal children.

children.
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In sum, the effects of children on their mother’ s participation in the labor force are to
reduce the likelihood of participating. Children, defined as infants, 1-5 year olds, and 5-18 year
olds, dl have a negative effect on their mother’ s participation. However, these effects have
changed over time. The number of women who participate in the |abor force has greatly
increased since 1970, and consequently not only have employers changed their gpproach to
mothers, but the infrastructures have changed as wdll. One example of the infrastructure changes
that have occurred is that in 1965 only 8% of pre-school children of full-time working mothers
were cared for by organized childcare, but by 1991 30% of working mothers were using
organized childcare (Rindfuss, Brewster, and Kavee, 1996, p.464). These changes have
resulted in changes of the effects of children on their mothers. In 1990 mothers are less likely to
drop out of the labor force with the birth of an infant than in 1970. Children under the age of five
have a greter negative impact on participation in 1990 than they did in 1970. And findly,
women are more likely to participate in the labor forcein 1990 than in 1970 if they have
children who are of school age. In other words, the variance of the effects of children on their

mother’ s participation over the child' s life cycleis greater in 1990 than in 1970.

Finaly, increasesin the EITC reduce participation. The EITC eadticity of participation
was -0.024 in 1980 and -0.09 in 1990. The coefficient on the EITC must be interpreted as the
income effect of increasesin the EITC. Because the dadticities are amdll it is possble that in
addition to accounting for income, accounting for the subgtitution effects could very easily make
the totd effect of the EITC on participation postive. Additiondly, it is possble that even after

accounting for the subgtitution effects, the total effect is negeative for the secondary worker in the
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household. Eissa, and Hoynes (1998) find through a difference in differences gpproach that
increasesin the EITC enacted in 1993 resulted in a 2-3 percent drop in participation rates for

married women with less than 12 years of schooling.

Other household income (all income except one' s own earned income) has a negative
impact on the participation of women. The dadticity with repect to other household incomeis
declining in an absolute sense from -0.2% in 1970 to -0.17% in 1980 and -0.12% in 1990.
This suggests that women are becoming less and less likely to drop out of the labor force as
their income from other sources increases. However, increases in their husband' s labor force

participation are increasingly likely to induce women to participate in the labor force themsdves,
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Table 8-2 Probit of Probability of Femae Labor Force Participation

Female Labor Force 1970 1980 1990
Participation p B P B p B
Elasticities
Age 2512 2371 1.869 2732 2.642 2,657
Age Squared -1.653 -1.402 -1411 -1.824 -1.904 -1.893
Other Hhid Income -0.197 -0.233 -0.172 -0.169 -0.122 -0.124
State Tax Rate 0.128 0.132 0.037 0.040 0.049 0.064
Tax Value State Exemption 0010 00074 0053 0061 -0003° -0.005°
EITC -0024 -00250 -0009 -0.008
Education 0.393 0.372 0513 0438 0.588 0.584
Loca Unemployment -0091' -0052° -0065 -0071 -0070 -0.075
Estimate Commutetimeto -0040 -0.038 0.116 0.101
work
Probability of Birth -0.042 -0.044 -0.013
Husb. Part. * Prob. Birth -0.015 -0.022 -0.019

Average fixed effects for Dummy and Discrete Variables
Married -30.8 -32.8 -33.2 -36.9 -28.9 -30.1
Husb Labor Participation 344 27.9 434 36.3 491 446
Birth -549 -51.0 -45.9
No. Children 1< age< 5 -154 -25.7 -295 -299 2712 -26.6
No. Children age>=5 -45 -39 -15 -4.0 -1.3 -26
Husb. Part. * No. Child -7.8 -21.7 -10.0 -14.5 51 -9.3
1<age<5
Husb. Part.* No. Child 09" 39 -1.9 0.2° -34 20
age>=5
Husb. Part.* Birth -25.0 -23.9 -8.7
Two or more Children 0.8’ -88 29 2.7 -09° 19
Teenager -5.6 183 325 29.1] 233 218
Age Twenty -75 39 84 75 58 31
Age45 - 60 A7 35 25 0.13 -06° -0.1°
Age Sixty -40.1 -40.1 -26.1 -295 -26.3 -26.6
Age 70+ -49.5 -61.1 -14.2 -15.7] -7.2 -9.8
-2LogL 481064 566846 465316 489212 551380 564332

Other variables not shown here are race, ethnicity, occupation, state of residence, and
metropolitan residence dummy variables. Additionally, the 1980 and 1990 samplesinclude
dummy variables for not being able to speak English and school enroliment in the
previousyear. All estimates are significant at the 1% level unless noted otherwise. 1
Significant at the 5% level. 2 Significant at the 10% level. 3 not significant.

Probit Estimates of Male Labor Force Participation
Table 8-3 shows the estimation results for the probit on married mae participation.

There are two estimations for each year. The first estimation, in columns headed by a“P’, uses
the wife's predicted probability of birth, and the second estimation, in columns headed by a

“B”, usesthe actud binary birth variable. Similar to the femade participation estimates, the
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married mae estimation indicates that participation initialy increases with age, but a a

decreasing rate. Like the effect for women, other household income has a negative effect on the
participation of married men. Unlike the effect for women, the effect of other household income
is becoming stronger. The dadticity istwice aslargein 1990 asit isin 1970. Smilarly, the effect

of the wife' s participation is dso to increase the participation of the husband.
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Table 8-3 Probit of Probability of Married Mae Labor Force Participation

Married Male Labor Force 1970 1980 1990
Participation P B P B P B
Elasticities
Age 0453 01471 0339 0759 0338 0071
Age Squared -0.300 -0.178 -0.341  -1.175 -0.390 -0.289
Other Hhld Income -0.026 -0.025f -0037 -0157] -0050 -0.050
State Tax Rate 0.110 0094 -0007" -0.029 0.086 0.084
Tax Vaue State Exemption -0.012 -0.008 0059 02371 -0010 -0.009
EITC -0002 -0009 -0002 -0.001
Education 0.051 0.048 0124 0518 0.182 0.186
Local Unemployment -0.059 0065 0001° 0010° -0026 -0.025
Estimate Commute time to work 0034 0132 0.076 0.077
Probability of Birth 0.034 0.015 0.019
Wife Part. * Prob. Birth -0.003 0.004 0.009

Average fixed effects for Dummy and Discrete Variables
Wife Labor Participation 56 48 84 24 15.7 16.8
Birth 24 15.6 41
No. Children 1< age<5 -0.6 19 0.6 5.3 10 23
No. Children age>=5 0.0° 0.0° 04 25 11 14
Wife Part. * No. Child 1<age<5 0.7 -14 -31 -7.2 5.7 41
Wife Part.* No. Child age>=5 -0.3 -0.2 -0.9 -4.5 -15 -18
Wife Part.* Birth -3.6 -204 -4.9
Two or more Children 38 22 31 83 34 15
Teenager 9.3 -5.0 41 -116 -9.8 -131
Age Twenty -9.6 -5.6 -43  -130 -5.7 4.7
Age45-60 13 13 13 5.0 22 22
Age Sixty -87 -75 71 242l 110  -105
Age 70+ -15.3 -14.6 1.2 49 08’ -05°
-2LogL 154212 167822 148854 149788 179300 182366

Other variables not shown here are race, ethnicity, occupation, state of residence, and metropolitan
residence dummy variables. Additionally, the 1980 and 1990 samples include dummy variablesfor
not being able to speak English and school enroliment in the previous year. All estimates are
significant at the 1% level unless noted otherwise. 1 Significant at the 5% level. 2 Significant at the
10% level. 3 not significant.

An increase in the probability of a birth increases the probability of participation for
married men. In 1970 a 1% increase in the probability of birth would increase, on average, the
probability of participation by 0.03%, whilein 1990 it would have increased the probability of
participation by 0.02%. The interaction of the wife' s participation with the probability of birth

initidly decreased participation dightly by 0.003%, but by 1990 it has reversed sgns and a 1%
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increase in the interaction variable increases participation by 0.009%. However, given that the
gpouse works, a 1% increase in the probability of birth has roughly the same positive effect in
1990 asit did in 1970. Thisis because, while the effect of the wife' s participation both
separatedy and interacted with the probability of a birth has been increasing from 1970 to 1990,
the effect of the probability of abirth has been decreasing. Thisresult isdmost exactly opposite
to the result seen for women. An increase in the probability of birth decreases femde
participation, and the interaction with husband’ s participation aso decreases participation. This
suggedts that parents prefer to have the mother be the primary caretaker of infants, and that
thereis areluctance to reduce the father’ s participation. Mother’ s time and father’ stime are not

subgtitutes for one another in the primary care of infants.

The stuation is somewhat different for older children. With the exception of the 1970
estimates, husbands increase their participation with increases in the number of pre-school and
school aged children. In 1990, an increase in the number of pre-school children from noneto
one increases the father’ s participation by 1%. A school aged child smilarly increases the
father’ s participation by 1.1% in 1990. With the exception of pre-school children in 1970,
increases in the interaction terms between the wife' s participation and pre-school and school
aged children reduce participation. Unlike the results from the interaction of spouse participation
with the probability of birth, the interaction terms for pre-school and school aged children
suggest that the mother’ s and father’ s time are subgtitutes in the rearing of pre-school and
school aged children. Not surprisingly, these results imply that fathers are poor substitutes for

nursing mothers, but can subdtitute in the care of 5 year olds.

83



These results are significant. The theoretical modd implies that there should be equaly
important effects for men as there are for women of having children in the household. However,
there has been alack of empiricd evidence that men react to current or previous fertility
choices. These results show that men react to both current fertility and to the number of children
they have. While women have much larger changes due to children, these results indicate that

there may be increasing effects of children on mae labor supply.

Table 8-4 shows the results of estimating a probit for single men. Age increases
participation but at a decreasing rate. Like the estimates for women and married men, other
household income and EITC reduces the participation of single men. Single men, like married
men, are more likely to participate in the labor force if they have children. An increase from no
children 0-5 years old to one child 0-5 years old increases the probability of participating by

over 17% in 1970 and by roughly 3% in 1980 and 1990.



Table 8-4 Probit of Probahility of Single Mae Labor Force Participation

Single Male Labor Force Participation 1970 1980 1990
Elasticities

Age 199 112 0.90
Age Squared -091 -0.63 -0.58
Other Hhid Income -004 -0.02 -0.02
State Tax Rate 0.09 0.03 0.07
Tax Value State Exemption -0.02 002 -0.012
EITC -0.01 -0.00
Education 027 0.24 0.31
Loca Unemployment -0.15 -0.02" -0.06
Estimate Commute time to work 002 0.06
Average fixed effects for Dummy and Discrete Variables

No. Children age< 5 17.44 2.86 310
No. Children age>=5 8.08 205 342
Teenager 369 10.98" 6.47
Age Twenty 16.53 6.01 34
Age45-60 -26.10 -11.44 -4.67
Age Sixty -63.07 -35.05 -29.45
Age 70+ -75.73 -18.32 -9.28
-2LoglL 187982 151750 182240

Other variables not shown here are race, ethnicity, occupation, state of
residence, and metropolitan residence dummy variables. Additionally, the
1980 and 1990 samples include dummy variables for not being able to speak
English and school enrollment in the previous year. All estimates are
significant at the 1% level unless noted otherwise. 1 Significant at the 5%
level. 2 Significant at the 10% level. 3 not significant.

The probit estimations show that income negetively affects participating, that age initidly
has a pogitive impact but a a decreasing rate, that education levels positively affect the
participating, and that the EITC negatively impacts participating. The results for the EITC arein
contrast to the smulation results of Dickert, Houser, and Scholz (1994). Estimation of the effect
of the EITC typicaly is done usng non-linear budget congtraints and Smulation techniques.
Dickert et al. use the after-tax and EITC wage rate to determine the effects of the 1993 EITC
expanson on labor supply. The analys's presented here does not try to control for the non-linear

effects of the EITC. An edimate of incomeis used to determine the dollar vaue of the credit.
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This methodology implicitly assumesthat personstreat the EITC as alump sum transfer. Ninety
nine and a haf percent of EITC payments are made in one lump sum at the end of the year,

suggesting that the lump sum transfer assumption may be appropriate.’

Annual Hours

Table 8-5 shows the means for femaes, married maes, and single maes for the
working samplesin the years 1970, 1980, and 1990. The average age is lower for the working
samplesthan it was for the participation samples. Thisis because the working samples are not
representative of the populations. Hours worked decline from 1970 to 1990 for all of the
samples. Recdll Figure 8-1 that showed that age-specific average hours actualy increased in
1989 from their valuesin 1970. Thus the decline in hours of work partidly reflects the changing
age structure of the population. Comparing the meansin Table 8-5 with thosein Table 8-1 we
see that in 1990 the femae working sample is dightly younger, 37.5 years of age for the
working sample versus 44.7 for al women age 16 and over. The female working population in
1990 is dightly more educated, 15.97 for the working sample versus 15.22 for dl women, and
the female working population is more likely to be married than the femae population asa
whole. Findly, the female working population is more likdly to be married to a husband who
works, 91% husband participation rate in the working sample versus 77% husband participation

in the population.® In addition, married men are increasingly married to women who work; the

3" Scholz (1994) argues that because individuals receive the benefit as alump sum the links
between net wages and the EITC are likdly to be unclear. Nevertheless, Dickert et a results
can be regarded as the total effect while these results are the income effect of increasesin the
EITC. Given the amd| dadticity for EITC the totd effect could very well be postive.

% The table presents the percentage of women who are married and the percentage of women
who are married and have a spouse who works relative to the total number of women
regardless of marital status. The percent of women who are married and who have a spouse
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participation rate for wives was 42% in 1970 and 68% in 1990. These differencesin means are
a0 reflected in the parameter estimates from the probit estimation of the probability of
working. For women, education and husband labor force participation have a positive effect on
participation. Maritd status has a negetive effect. Smilarly, married men in the working sample
have more education, are younger, have more children, and are more likely to be married to a

woman who works.

who works relative to the number of women married is 1/(percent married) * (percent
married and spouse works relative to total number of women).
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Table 8-5 Mean Vaues of Independent and Dependent Variables for Annua Hours

Meansfor Annual Hours  Femde Married Mae Single Mae

Estimation 1970 1980 1990| 1970 1980 1990, 1970 1980 1990
Annual Hours Worked 16321 14234 15514 21522 20850 2137.7| 16924 15120 16274
Age 3930 3596 3750 4255 4205 4280 3216 2834 3062
Age Squared 17559 14919 15829 19760 19394 19830 12712 9585 10926
Teenager 0.07 0.10 0.07, 0.01 0.00 0.00 0.24 0.24 017
Age Twenty 0.25 031 0.25 0.19 0.20 0.14 034 045 041
Age45-59 0.30 0.21 0.22 034 0.30 0.29 0.16 0.09 0.10
Age Sixty 0.08 0.06 0.06 0.09 0.09 0.09 0.05 0.03 0.03
Age 70+ 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.01 0.01
Other Hhid Income $1000 585 1261 2224 221 6.37 15.07| 298 6.37 8.30
OLS LnWage Selection 057 139 1.99 128 200 250 0.73 152 204
Corrected

State Tax Rate 0.04 0.05 0.04 0.04 0.05 0.04 0.04 0.01 0.04
Tax Vaue of State 1465 2742 35670 1516 2834 3619 1474 766 3351
Exemption

EITC 1312 3735 250 9.67 1898 57.84
Yearsof Education (15=HS) 1371 1549 1597 1355 1563 1616 1345 1537 1553
Married 0.58 0.56 0.56

Spouse Labor Participation 054 051 051 0.42 055 0.68

No. Children 1<age<5 011 0.13 0.15 0.30 0.25 0.27 0.03 0.01 0.02
No. Children Age >=5 0.87 0.75 0.73 133 110 1.0 0.16 0.07 0.09
Praobability of Birth 0.04 0.04 0.04 0.06 0.06 0.05

Birth 0.07 0.07 0.05

Spouse Part.* No. Child 0.09 0.10 0.12 0.08 0.10 0.15

1<age<5

Spouse Part.* No. Child >5 0.67 0.55 0.52 054 0.61 0.69

Spouse Part.* Probability 0.03 0.04 0.03 0.03 0.04 0.04

of Birth

Spouse Part* Birth 0.01 0.02 0.03

Two or MoreKids 0.28 0.27 0.27 047 042 041

Estimate of Commute Time 1942 2046 2382  24.07| 2260 2319
Lambda 045 0.36 0.32 0.14 0.14 0.15 041 0.28 0.25

Table 8-6, Table 8-7, and Table 8-10 show the coefficient estimates from a sample-

selection-corrected OL S estimate of annua hours worked in the previous year for women,

married men, and single men. The columns headed by a“P’ represent the estimates using the

predicted probability of birth, and the columns headed by a“B” represent the estimates of

annua hours using the actua birth outcome. Like the probit estimations of participation, female
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annud hoursinitialy increase as age increases, but at a decreasing rate. Other household income
decreases annud hours for dl of the samples, with a somewhat larger impact for women and
sngle men than for married men. Asin the probit esimations, the EITC has a negeative impact
on the number of hours worked, however the estimates are not sgnificant for sngle men.

Marital status has alarge negative impact on annua hours worked for women, reducing annud
hours by 110 to 157 hours ayear. Having a husband who works increases the number of hours
that women work by amost 200 hoursin 1990. Recdling the theoreticd discussion in Chapter
2, these resullts suggest that husband and wife times are complementsin the production of

lesure.
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Table 8-6 Sample-sdection-corrected OLS of Annua Hours of Worked by Women

Female Annual Hours 1970 1980 1990

Parameter Estimates P B P B P B
Age 350 364 357 377 68.0 706
Age Squared -04 -04 -05 -0.5 -09 -09
Teenager -1194  -1105 1471  1537] 1310 1401
Age Twenty -0.1° 23] 1560 16071 1782 1956
Age 45-59 187 21.2 96.2 930 1115 1047
Age Sixty 719 821 1469 1308 1357 1116
Age 70+ 108.3 48 3722 3518 4558 4350
Other Hhld Income -125 -13.7 -9.2 -9.7 -4.9 54
OLSLog of Wage Selection 568.0 5952 12671 12237 1056.8 968.9
Corrected

State Tax Rate 3258 4347 1608 2026 7533 6596
Tax Value of State Exemption 05 05 04 04 0.23 0.3
EITC 02 0.2 01 01
Education -15.0 -14.8 -45.6 423 -374 217
Married -1588  -1746] -1101  -1184] -1574  -1596
Husb. Labor Participation 1248 1469 1915 2193 1978 2563
No. Children 1<age<5 790  -891 182 30° -1489  -987
No. Children Age >=5 -19.8 -200 188 21.7 30 16.8
Probability of Birth 2221 -74.6° 1804.2

Birth -339.2 -2931 2445
Husb. Part.* No. Child -832 751 -2319  -2335 -1064  -1711
1<age<5

Husb. Part.* No. Child >5 5.17 512 -17.3 -256] -185° -437
Husb. Part.* Probability of 2143 675° -1124.1

Birth

Husb. Part* Birth 115 1442 382
Two or MoreKids -21.2 215 -56.1 -65.2) 6.13 -304
Estimate of Commute Time 04 03 5.2 5.6
Lambda 4938 5800 981 23 1600 3391
R-Square 01243 01287 02085 02142 02045 0.2061

Other variables not shown here are race, ethnicity, occupation, state of residence, and
metropolitan residence dummy variables. Additionally, the 1980 and 1990 samplesinclude
dummy variables for not being able to speak English and school enrollment in the previous
year. All estimates are significant at the 1% level unless noted otherwise. 1 Significant at
the5% level. 2 Significant at the 10% level. 3 not significant.

The picture changes when children are introduced. In the femae annud hours of work
regression the coefficient on the probability of birth has alarge swing from a negative impact to
alarge postive effect. In 1970 a change from zero probability to a probability of one decreases

annua hours of work by 222 hours, in 1980 it decreased annua hours of work by 75 hours,
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and in 1990 it increased annud hours of work by 1,804. At the same time the actua occurrence
of abirth has a negative effect on hours of work in dl three sample years, dthough it is dowly
becoming less negative. These effects suggests that failing to use a two stage gpproach to the
edimation of femae annud hours of work would midead the researcher into believing that the
occurrence of a baby reduces work by asmilar amount in 1990 asin 1970. In particular, the
interaction between husband' s participation and the probability of birth dso changes sign from
increasing hoursin 1970 to decreasing hours in 1990. Given participation of the husband and
the average probability of birth, the net effect of a 1% increase in the probability of birthisa
dight reduction of 18 minutes worked annudly in 1970, and an increase of 27 hoursin 1990.
Alterndtively, in terms of standardized estimates, given that the husband works, a standard
deviation increase in the probability of birth increases hours of work by 0.05 standard
deviations. Thus, women were negatively influenced by increases in fertility in 1970, but in 1990

increases in fertility actualy increase the number of hours worked, but only dightly.

The number of pre-school children in the household reduces female annua hours by 79
in 1970, has adight positive effect of 18 hoursin 1980 (dthough not significantly different from
zero), and reduces hours worked by 149 hoursin 1990. The interaction of the husband's
participation and the number of pre-school children decreases the number of hours worked by
83in 1970, 232 in 1980, and 106 in 1990. These results aso suggest that mother and father’s
time are subgtitutes in the production of pre-school children. School aged children decrease
hours worked in 1970 and increase hours worked in 1980 and 1990. The interaction between

husband' s participation and school-aged children is significant at the ten-percent level and
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increases hours worked in 1970, decreases hours worked in 1980, and isingignificant in 1990.
These results suggest that husband's and wife's time are complements unless there are children in
the household. Once children enter the picture, given that the husband works, increasesin the

number of children in any age group decreases the wife's number of hours worked annualy.

Wage rates increase hours worked in dl years. The implied uncompensated or
Marshdlian wage rate dadticity of hours evaluated a the mean number of hours worked and the
mean log of wagesis 0.68 in 1990, 0.89 in 1980, and 0.35 in 1970. The total income eadticity
of hoursis-0.02in 1970, -0.04 in 1980, and -0.04 in 1990.* These numbersimply income
compensated wage dadticities of 0.37 in 1970, 0.93 in 1980 and 0.72 in 1990. Recalling
equations 1 and 2, these results indicate that the net compensated effects are positive and the

net income effects are negative as hypothesized.

Findly, the parameter estimate on Lambda, the inverse Millsratio, is Sgnificant in al
three years, indicating that controlling for the sample sdection problem was necessary. The
variables mog influenced by the inclusion of Lambda are the severd age variables, the wage
rate, and education. The results from an OL S regression without correcting for sample sdlection
suggest that the hours profile by age isflatter, except for persons older than sixty; in 1990 the
parameter estimate on effect of age is 60 hours per additiond year of age, versus sample
selection result of 68. They dso suggest that education has a more negative impact on hours of

work; parameter estimate of —44 hours of work for every additional year of education

¥ The relationship between the uncompensated wage dagticity (E), the income compensated
Wa?%elasticity (E*), and the totd income eadticity (Tl E?Ki)s E=E* + TIE. TIE isthe product
of the income dadticity and the ratio of own earnings to household income,
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compared with sample sdection result of —37. Thus, the incluson of Lambdais not only

ggnificant, but isimportant init’s ability to estimate unbiased parameters.

Table 8-7 shows the results from the OL S of annud hours for married men. Like the
female hours regression, the parameter estimate on Lambda at the bottom of the tableis
ggnificant in dl three years, indicating that an OL S regresson which did not account for the

sample sdlection problem would have resulted in biased estimates.

The table shows the effect of changesin the participation of wives on their husband's
hours of work. In 1970, the wife' s participation in the |abor force increased the husband’ s hours
worked; in 1980 the coefficient for wife' s participation was inggnificant; but by 1990 wife's
participation reduced the husband’ s annuad hours of work. Contrary to the results for women,
these results suggest that married men viewed their leisure time with their wives as
complementary in 1970; but by 1990, there had been a shift in perceptions and husbands now

viewed their leisure time as subdtitutes for their wife's.
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Table 8-7 Sample-selection-corrected OL S of Annua Hours for Married Men

Married Male Annual Hours 1970 1980 1990
Parameter Estimates P B P B P B
Age 546 014 4422 4487 5741 5561
Age Squared 001®° -004 054 -0.54 -0.69 -0.68
Teenager 315° 17.36% 9927 -9419 -35473 -36201
Age Twenty 4444 3964 3656  3/9g 106 -1.28°
Age45-59 906" -950' 3715 3713 7007 7040
Age Sixty 2136 -27.64 0313 065 -7921  -76.77
Age 70+ 9671 9088 -17043 -167.40| -24024 -242.73
Other Hhid Income -8.70 -9.02 -3.89 -3.86 -1.63 -1.57
OL S Log of Wage Selection 71120 72688 430° 1299° -351.90 -366.88
Corrected

State Tax Rate 20509" 47058 -5847 5508} -27.34° -11654°
Tax Value of State Exemption 054" 0571 036" -0.34 0.09° 0.10°
EITC 009" -009 -0.19 017
Education 2390  -2447 8.85 840, 2729 279
Wife Labor Participation 9232 8400 623 -026° 5031 -60.60
No. Children 1<age<5 4470 4927 1197 1620 711> 1325
No. Children Age>=5 342 210 091° -009f 1323 1195
Probability of Birth -131.85 4197 268.35

Birth 44.39 23.25 237
Wife Part.* No. Child 1<age<5 2645  -39.72 129° -590° 4.16° 0.80°
Wife Part.* No. Child >5 344 0244 -039° 1.85° -8.19 -6.44
Wife Part.* Probability of Birth  -260.81 -149.00 -99.00"

Wife Part* Birth -17.44 -19.31 2.35°
Two or MoreKids -1495  -448% 10200 1259 3401 2611
Estimate of Commute Time 0.02 0.013 317 319
Lambda 29 5088 -34358 -344.83 -25823 -27583
R-Square 01176 01173 01550 01550 01529 0.1528

Other variables not shown here are race, ethnicity, occupation, state of residence, and
metropolitan residence dummy variables. Additionally, the 1980 and 1990 samplesinclude
dummy variables for not being able to speak English and school enrollment in the previous
year. All estimates are significant at the 1% level unless noted otherwise. 1 Significant at the
5% level. 2 Significant at the 10% level. 3 not significant.

Pre-school or school-aged children increase the number of hours that fathers work. This
isafarly sandard result in the made [abor supply literature. The difference thet this sudy
exploresis how changes in the participation of wives have influenced husband' s participation

and hours. Thus, as with the female annua-hours-of-work results, the married men regresson
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includes as regressors the interaction of the wife s labor force participation and the number of

children in the household.

The interaction between the wife' s participation and pre-school children reduced the
hushand' s annua hours of work in 1970, but was inggnificant in influencing hours for married
men in both 1980 and 1990. Similarly, school aged children interacted with the wife's
participation reduced the husband' s hours of work in 1970, had no effect in 1980, and again
reduced them in 1990. The probability of birth aso switched rolesin itsimpact on hours. In
1970 the probability of birth reduced hours of work, in 1980 it was inggnificant, and in 1990
actudly increased hours worked. Findly, the interaction between the probability of birth and the
wifée' s participation consstently reduced the husband' s hours worked in dl years, athough by

only 99 hoursin 1990 compared with over 260 hoursin 1970.

The reduction in hours caused by the interaction between the wife' s participation and
the probability of birth indicates that mother’ s time and father’ s time are subgtitutes for margina
hours in the production of infants and school aged children. However, the interaction between
the wife' s participation and the number of pre-school children had a negative effect in 1970 and
inggnificant effectsin 1980 and 1990. Thus, the mother's and father’ stime are treated as
subdtitutes for margind husband hours when there are infants and school-aged children in the
household. These results are Smilar to those for women, with the important distinction that if the
wife does not work, then the husband increases his hours of work with increases in the number

of children. On the other hand, if the hushand does not work the results for women are mixed,
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with the wife decreasing hours of work if there are preschool aged children and in 1980 and

1990 increasing them if there are school aged children.

Effects of Family Structure on Married Mae Participation and Hours
Theresultsshown in Table 8-7 and Table 8-3 show the partia effects for changesin the

number of children and the wife' s participation on the number of hours of work and the decison
to participate in the labor force. Table 8-9 shows the predicted probability of participation and
hours for men with different family structures. This table shows the totd effects of changing the
family structure. The participation of married men whose spouses work changes very little
between 1970 and 1980. However, by 1990 the probability of participation for married men
changes subgtantiadly in the presence of different numbers and ages of children. Participation
drops over 3 percentage points when one pre-school child is added to the household, from
92% with no children to 89%. Participation drops by amost 4 percentage points when two pre-
school children are added. This same pattern of smal changesin 1970 and large changesin
1990 repests itsalf with predicted number of hours worked. In 1990, for married men with a
spouse who works, there is a 56 hour increase from a family without children to afamily with
two pre-school children. Thusin 1990, the addition of two pre-school aged children reduces
the probability of the father participating in the labor force, but if the father works, increases the
number of hours he works. Similar, but opposite results hold for men whose spouses do not
work. In 1970 participation varies by amaximum of 2.7 percentage points, whilein 1990 it
varies by amaximum of 5.7 percentage points. However, hours worked for men whose

spouses do not participate in the [abor force vary more in 1970 than in 1990.
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Table 8-9 Predicted Participation and Annua Hours by Family Structure

Married Male Labor Force 1970 1980 1990
Participation Probability Labor Hours Labor Hours Labor Hours
And Annual Hours Force Force Force
Sample Average Age 46 43 46 42 48 43
Percent of Spouses Working 3% 42% 49% 55% 58% 68%
Married and Spouse works
No Children 975 2168 95.7 2062 919 2081
1 Child under 5 975 2186 A3 2076 838 2092
2 Children under 5 93.8 2190 A9 2099 83.2 2137
1 Child over 5 97.3 2168 954 2063 91.6 2086
2 Children over 5 98.6 2153 9.7 2074 935 2125
Married Spouse does not Work
No Children %1 2092 835 2066 82.1 2136
1 Child under 5 935 2136 89.2 2078 83.2 2143
2 Children under 5 9%.1 2166 92.7 2100 87.7 2184
1 Child over 5 A1 2095 89.0 2067 833 2149
2 Children over 5 9.8 2084 R4 2078 87.8 2197

The figure below illustrates the effects of changesin family types and labor force status
of wives on the predicted probability the hushand participatesin the labor force. The figure
presents the effects graphically by showing the percentage point differences from predicted
participation for husbands without children. Positive vaues indicate that the childless husband
has a greater probability of participating in the labor force. The figure clearly illusirates that
husbands in 1990 react differently to the presence of children in the family than they did in 1970.
Husbands with wives working in the labor force have increased their participation as the number

of children increases.
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Figure 8-1 Predicted Probability of Husbands Participation

Probability of Husband’s Participation
(Percentage Point Difference from No Children Family Type
given the Spouse's labor attachment; probability without children
less probability for family type with children)
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L abor Force Attachment of Spouse

In sum, amarried man in 1990 islesslikely to participate in the labor forceif heis
married to a pouse who works and they have children. However, if amarried man works and
there are children in the house he will work more hours regardless of the wife s participation
gatus. Married men are beginning to take up some of the responsibilities of child rearing, but
only by opting out of the labor force. These results are encouraging for the gpplication of the
theoretical mode to mae labor supply. Previous work has been unable to find any negative

effects of children on labor supply, whether looking a participation or at hours worked.

Table 8-7 dso shows the effect of changesin the wage rate. Increases in the predicted
log of wages increase hours for married men in 1970, have no effect in 1980 and decrease
hoursin 1990. The implied wage eadticities of hours are 0.33 in 1970, 0.002 in 1980, and -
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0.165 in 1990. Thetota income eadticities are -0.031 in 1970. -0.029 in 1980, and -0.02 in
1990. The implied compensated dagticities are 0.361 in 1970, 0.031 in 1980 and -0.145 in

1990.

Theimplied dadticities for other household income are -0.0089 in 1970, -0.0118 in
1980, and -0.0115 in 1990. The dadticities, while smdl, are increasing in absolute value from
1970. Therefore, it appears that there is a decreased reliance on the husband’ sincome and an

increased reliance on other household income including the wife' s earned income.

The results from the andlysis of hours and participation have contradictory implications
for the net subgtitutability of time between the father and mother. The participation andys's
suggested that mother’ s and father’ s time were not subgtitutable in rearing infants, but the hours
results indicate that mother’ s and father’ s time are subgtitutes. The participation results capture
the complementarity or subdtitutability for primary care of the infant, while the hours results
capture differences for the margina time of the parentsin the care of infants. Therefore, it
gppears that parents believe that the mother’ s and father’ stime are subgtitutes at the margin, but
that in the primary care of infants the mother’ stimeis not subgtitutable with the father’s. Mom
and Dad are equaly capable of changing diapers, but Dad is unable to provide the same care to

infants as mom.

Table 8-10 shows the results from the sample-sel ection-corrected OL S estimate of
annua hours of work for sngle men. The effects of children on sSngle men are interesting in thet
they differ from both those of the married men and those of women. Single men, like married

men, increase their hours of work if there are pre-school children in the household. However,
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unlike the married men, single men decrease their hours of work if there are school aged
children in the household. The wage eagticity of hours of work in 1990 is 1.389. Thetotal
income eadticity of hours of work is-0.0085 in 1990. These dadticities suggest that the
compensated wage eadticity of hoursis 1.3984 for sngle men in 1990. Lambda, the inverse
Millsratio, is podtive and Sgnificant in dl three yearsindicating thet the parameters from an
uncorrected OL S would have been biased. Findly, as noted previoudy, the effect of the EITC

changes sign between 1980 and 1990, but is insgnificant in both years.
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Table 8-10 Sample-sdection-corrected OL S of Annua Hours

Single Male Annual Hours 1970 1980 1990
Parameter Estimates

Age 3653  -11.10 46.17
Age Squared -0.48 -0.22 -0.69
Teenager 99.76 215.29 60.33
Age Twenty 130.79 159.99 157.14
Age 45-59 -473° 22855 54.19
Age Sixty -1401° 58676 24912
Age 70+ 35204 126584 73031
Other Hhid Income -6.79 -3.88 =272
OL S Log of Wage Selection 118349 234269 1109.68
Corrected

State Tax Rate 156.14° 2521.31° 110763
Tax Value of State Exemption 0.98" -2.94° 0.01°
EITC -0.03° 0.01°
Education -41.37 -78.87 -27.24
No. Children age<5 R7B - 17.20° 3154
No. Children Age >=5 -12.24  -142.01 -28.48
Estimate of Commute Time -2.78 3HA
Lambda 73433 26321 7855
R-Square 02784 03472  0.3283

Other variables not shown here are race, ethnicity, occupation, state

of residence, and metropolitan residence dummy variables.

Additionally, the 1980 and 1990 samples include dummy variables for

not being able to speak English and school enrollment in the

previous year. All estimates are significant at the 1% level unless
noted otherwise. 1 Significant at the 5% level. 2 Significant at the

10% level. 3 not significant.
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Table 8-11 beow showsthe implied EITC eadticities of hours of work for women,
married men and single men evauated a the sample mean, and the mean credit amount for
those who were digible to receive the credit. The table indicates that for women and married
men the EITC has a negative effect on hours of work. These results must be interpreted as the
income effects associated with the EITC. Subgtitution effects have not been explicitly modeled.
It isinteresting to note thet dl of the dadticities are of the same magnitude as those from the
non-linear virtua income literature used in exploring the effects of the EITC on hours of work.
Dickert, Houser, and Scholz (1995) report comparable estimates ranging from 0.00 to -1.56
for sngle men, from 0.00 to -3.17 for married men, and from -0.57 to -4.33 for all females
(Table 2 p. 11). Eissa, and Hoynes (1998) dso find negative effects of the EITC expanson in

1993 on the hours of work for both men and women.

Table 8-11 EITC Eladticity of Hours for 1980, and 1990

EITC Elasticity of Hours 1980 1990
Femde -0.038 -0.033
Married Male -0.011 -0.039
SingleMale -0.005° 0.003°

® hot significant.

The results from the hours estimation have many coefficients that change sign and
ggnificance. This suggests that the relationships being captured in the annua hour’ s equations
are not very stable. One might expect that with the large changesin femade participation, married
male labor supply would aso go through changes that are hard to identify in any given year. The
advantage to looking at a number of cross-sectiond estimates is that we are able to get a sense
of the changes taking place in how people make decisions. The disadvantage is that we cannot
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determine if the changes are transient or permanent. The results presented here indicate that
participation decisions, while changing, are not unstable, but that the decisons regarding hours
of work are more difficult to estimate. These results suggest that when trying to modd the labor
supply of the U.S. population, a combination of cross-section and time-series etimation

techniques would likely prove ussful.

Policy Implications
There are two mgor policy implications of the results presented in this and the previous

chapter. Thefirst iswith respect to effects of the EITC on fertility. This research indicates that
the effect of the EITC isto increase fertility. Moreover, fertility is negatively associated with
participation for men and women. A variety of studies have shown that the effect of the EITC is
to reduce labor supply and may in fact reduce disposable income for the digible groups
[Browning (1995)]. Additiondly, the eadticities are larger in absolute vaue for women than for
men. Therefore, through both the effects on fertility and on participation, increasesin the EITC
may differentialy influence the gender mix of the labor force, decreasing both male and femae

participation but that of femaes more than males.

The effect of the EITC on fertility may seem amdl; the eadticity from a pooled sample
for married women is 0.012. However, these smd| e adticities can have large impacts. Using the
amallest dadticity estimated and assuming that the recently enacted $500 child tax credit would
have asmilar effect on fertility asthe EITC, we find that the fertility rate would increase by
10%. A 10% increase in the fertility rate for women in their childbearing agesis a sgnificant

increase in the number of children born in any given year. Assuming thet roughly 4 million
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children are born every year, the $500 dollar tax credit will result in dmost 400,000 more
infants born every year. Thisincrease in the number of infants will have two significant impacts
on the economy. First the newborns will forever increase the population path for the economy.

Second, the newborns will have impacts on the labor supply of their parents.

The second mgor policy implication isin the trestment of parental leavetime. The
results presented here highlight thet fathers are increasingly opting to stay out of the labor force
in order to be the primary provider of care to children. However, if the father works, regardless
of the wifée s [abor force status he will tend to increase hours of work with increasesin the
number of children, other than infants, in the household. These increasesin the number of hours
worked by men are completely opposite to the results seen for femae hours of work. WWomen,
therefore, shoulder more of the burden of childcare in two-worker households. They are more
likely to reduce their hours of work to meet the needs of their children. Women are observed to
be more flexible with the time spent a work than men are. Increased pressure on employersto
provide leave benefits equaly to men and women may result in abalancing of the effects of
children on hours. Carlin and Flood (1997) argue that a variety of government-ingtituted
policies, including ten days off for the father at childbirth, have resulted in more flexibility in their
hours of work. The results presented here indicate that men are changing their roles with regard

to child care, but that those roles are changing dowly.

Conclusion
The results from the labor supply andysis suggest that higher wages raise the number of

hours worked for women and single men, while they produce lower hours for married men.
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Household income not including own earnings has a negative impact on hours of work and
participation. A husband' s participation in the labor force has a positive effect on the wife's
hours of work and participation. At the same time, the wife' s participation has a postive effect
on the husband' s probability of participating in the [abor force, but for those men who do work
it has anegative effect on hours worked. The EITC has a negative impact on participation and
hours for women and married men. The results from the hours estimation are consstent with
resultsin the literature on EITC. If viewed as income effects the participation results with regard

to EITC are dso condstent with the EITC literature.

Perhaps more interesting than the effects of wages, income, and the EITC are the
effects of children on labor supply for married men. Carlin and Flood (1997) find that there are
sgnificant reductionsin the hours worked by Swedish men when children are present in the
household. However, previous research on male labor supply in the U.S. has found no negative
effects of children on men’slabor supply. The results presented here indicate that there have
been sgnificant changesin the way that men make decisons about [abor supply. Men are

darting to play aprimary rolein child care by reducing participation.
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Chapter 9 Modeling I ssues and Estimation
In this chapter the mgor issues involved in modeling fertility and participation are

presented. Firdt, thereis abrief introduction to population forecasting. Because the cross-
section results may systematically missimportant trends and rel ationships between economic
variables over time, the next section discusses the mechanics of moddling fertility and labor
force, with specid attention to the combination of the cross-section results with atime-series
andyss. Next, adiscusson of how the cross-section and time-series results are linked with the
LIFT modd is presented. Finally, the last sections present the results of the time-series

estimation of age-gpecific fertility rates and participation rates.

Introduction to Population and Labor Force Projections
Typicaly, population projections are made using the cohort-component method for the

middle of the year (July 1<t). Multiplying age-specific fertility rates (ASFR) by the number of
women in each age group creates the number of newbornsin the forecast period. Digtributing
the tota fertility rate among the different age groups creates the ASFRS. Each year the previous
year' s population is aged one year; ignoring immigration, population age 35 a timet isequd to

population age 34 a time (t-1) multiplied by the surviva rate for 34 year olds.

Immigrants add a dight complication and need to be dedlt with differently than the
resdent population. Immigration is accounted for by exogenoudy assuming the net number of
immigrants for each age group and adding them to the number of people in each age group.

Immigrants enter the country throughout the year and are assumed to have birthdays distributed
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throughout the year. Consequently, haf of the 34-year-old immigrantsin year t will actudly be
35 by July 1. In addition immigrants enter the country throughout the year, and are obvioudy
dive when they enter the country, resulting in an effective survivd rate for 34 year old
immigrants of 0.5 + 0.5(actud survivd rate 34 year olds). The leading 0.5 accounts for the
immigrants entering the country dive, and the 0.5 multiplication factor for the survivd rate

accounts for the immigrants arriving in the country evenly throughout the year.*

The labor force is caculated by applying age-specific participation rates to the relevant
age group, thereby creeting a pool of |aborers. Demographers rarely endogenoudy determine
the fertility rates, and economists forecasting the economy rarely endogenoudy determine the

participation rates™

This section outlines the methods used to endogenoudy determine the fertility and
participation rates. Briefly, cross-section estimates of the decision to have achild or to
participate in the labor force are incorporated into the model using economic results from LIFT.
A predicted value of the dependent variable (age-specific fertility or participation rates) is
created based on the cross-section equations. The predicted value of the dependent variable
(F* or P*) and a number of other variables are then used as independent variables in time-
seriesregressions of the actual age-specific fertility rate or participation rate. From the cross-

section results F* and P* depend on the number of children in the household, the spouse's

“0 | nterestingly, life expectancy a birth does not represent the life expectancy of any one person.
Rether, life expectancy caculations are means for representing the current surviva rates of al
age groups in one year. Life expectancy is caculated by instantaneoudy aging 100,000
persons through the currently prevailing surviva rates. Thus, if surviva rates are changing over
time, life expectancy does not represent the expected life of anyone.

* Previous versions of LIFT use exogenous participation rates.
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participation in the labor force, the wage rate, household income, and a number of other
variables. Time-series regressons are necessary to capture changes over time that are not well
represented in the cross-section work and also any systematic errors that result in lower or
higher estimated values than those that actually occurred. The next section describes the process
used to incorporate the cross-section estimates into a cohort component method of forecasting

population.

Modding Fertility and Labor Force

Objective
The objective of modding fertility and labor supply is to create an endogenous model

alowing the economy to influence the size and age digtribution of the population and of the labor
force. The cross-sectiond estimates of fertility and labor supply show that economic variables
can play an important role in determining fertility and labor supply. Fertility decisons today can
influence labor supply today and in the future. Smilarly economic varigbles, the wage rate, total

income, and the unemployment rate, can have an important impact on the size of the labor force.

Fertility decisions today obvioudy influence the Sze of the labor force in the future.
Increases in the number of children today will increase the number of potentia laborersin 20
years. Perhaps equally important to changes in the Sze of the population is the effect that
children have on the labor supply of their parents. Increased fertility today, resulting in more
children, may increase or decrease the size of the labor force depending on the decisions

househol ds make about childcare. These changesin the labor force are likely to be skewed
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towards younger women and away from men and older people, changing the distribution of the

labor force by age and gender.

Interestingly, while Denton and Spencer (1988) find large changes in the economy
resulting from endogenizing population, they only find these results severd decades after shocks
to fertility decisons. The mgor mechanism through which increased fertility had an impact in
their economic mode was through changes in the sze of the labor force with the entry of the
young workersinto working ages. Thiswork differs from theirs by estimating the effects of

fertility on current labor supply and alowing for those impacts to affect the modd.

Using the economic effects discussed in chapters 3 and 4 requires that the demographic
mode be incorporated into an economic model of the U.S.. The driver mode used hereisthe
LIFT modd of the INFORUM project at the University of Maryland.*? LIFT produces a
number of economic variables including average wage by industry, hours of work, employment
by industry, and persond income which can be used to link LIFT to the demographic and |abor
force modd.

Fertility

The population forecasts depend on forecadts of the ASFRs. The modeling framework
employed here uses the cross-section fertility results combined with other explanatory varigbles
from the LIFT modd to obtain estimates of fertility rates in the forecast periods. These age-
specific fertility equations will then be incorporated into the Demographic Projections Modd

(DPM) using the cohort component method of forecasting population. This section briefly

2 See McCarthy (1991) for a detailed discussion of the LIFT mode and its properties.
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outlines the issues involved in cresting ASFRs and illugtrates some of the techniques for dedling

with these issues.

Chapter 3 explores the effects of economic variables on fertility decisons. The cross-
section work found that the wage rate and household income have dadticities of -3.5% and
0.1% respectively (see Chapter 3). In addition to the economic variables, there are a number of
other variables that are important determinants of fertility. Age and marita Satus are probably
the most important determinants of fertility. A 1% change in the age of the average woman from
34.2 10 34.6 years of age resultsin an amost 5% decline in the probability of observing abirth.
Similarly a 1% increase in the age of the average woman from 20 to 20.2 years of age resultsin
a2.2% increase in the probability of observing a birth. However, holding everything se
congtant, increasing the age of awoman from 20 to 34 reduces the probability of observing a
birth by over 18%. Age does not affect fertility in alinear manner and peaks at about age 26.
Similarly, for the average woman, becoming married increases the probability of having a child

by 162%. Thus, fertility rates will move depending on the value of these other variables.

From the cross-section estimates, the fertility rate for 25 year-old women depends on a
congtant, the average wage for 25 year-old women, the average income, the average number of
children, the average marriage rate, the average |abor force participation rate for husbands, the
average education level, and other variables. In order to forecast the age-specific fertility rate,

age-specific values of the independent variables need to be created.
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LinkingtoLIFT
Among ahogt of other variables, LIFT produces the average wage rate by industry,

persona income, and the number of unemployed persons. These are the primary variables used
to link the demographic modd to LIFT. However, these industry and aggregeate variables need
to be trandated into age and gender specific variables. In order to get these age specific
variablesit is necessary to obtain some information about the age didtribution of occupations,
industries, wages, and income from the 1970, 1980, and 1990 IPUMS data sets.* In other
words, what does the distribution of occupations look like for 25-year-old men? Because, age-
specific fertility and participation depend on the digtribution of occupations, wages, and income,
adigtribution of these variables must be forecasted. The forecasted distribution will come from

the 1990 IPUMS.

Age Didribution Issues
The age didributions of a number of economic and non-economic varigbles need to be

created from the 1970, 1980, and 1990 IPUMS data sets. The 1970 and 1980 IPUMS

provide important information about the changes in the age digtributions of wages and income.

A crucid variable for understanding fertility is the femae wage rate. LIFT does not
produce female and male wages by age. Therefore, we need to trandate LIFT’ swages by
indugtry to wages by age and gender. The primary link used in this modd is the distribution of
occupations. An estimate of the age distribution of occupationsis crested from the three

IPUMS cross-sections, and then trandated into wages by age. The following exampleillustrates

* See g\f)pendix C for the age digtribution of household income and wages by gender, and
maritd satus.
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how we can trandate LIFT output of wages by industry into wages by age. Suppose that we
had three age groups (young, middle, and old), two occupations (professiond, and blue collar),
and four industries (durable, non-durable, service, and government). Then we could calculate

the age digtribution of wages from the industry distribution of wages by the following formula

6.0) [WA] =[ AQ|[OI |[W

3C2 2C4 4cC1

Wageshby Age (WA) represents wages by the three age groups. Age by Occupation (AO) isa
3x2 matrix of the wage in each age and occupation relative to the average wage in each
occupation, weighted by the ratio of individuasin age j and occupation k relative to peoplein
age group j; a0 ; «=[(wage; W)/(wage «)]*[(No. people; i)/(No. people;)], where | isan index
over age groups and K is an index over occupation groups. Occupation by Industry (Ol) isa
2x4 matrix of the wage in each occupation and indudtry relative to the average wage in the
industry, weighted by the ratio of individuasin occupation k and indudtry | relative to peoplein
occupation group k; oi | =[(wage k)/(wage )] *[(No. people «)/(No. people )], where k isan
index over occupations and | isan index over indudries. Findly, Wage by I ndustry (W) isa
4x1 matrix of the average wage in each industry. Pre-multiplying WI by Ol trandformsthe
average wage in indudtries into the average wage by occupation. Pre-multiplying by AO
transforms the average wage by occupation into the average wage by age, resulting in WA. This
example can be generdized to each gender and to the 51 LIFT industries, 22 occupations, and

110 ages. Thus LIFT wages by industry are transformed into wages by age and gender.
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An additiond complication to predicting the wage digtribution by ageis that we do not
observe wages for al individuas. Individuas who do not work do not have an observed wage.
Itislikely that thereis some correation between the decision to work and the wage rate. The
wage rate for married men who are seventy years of age or more is substantialy higher than for
the other age groups (see gppendix C). Men who can command a much higher wage rate in
their elderly years are, possibly, more likely to work than those who cannot, cresting a sample
selection problem for the observed wage rate. Therefore, we must use a sample-selection-
corrected estimate of the wage rate to help us determine the applicable hourly wage rate for
each age group.”* The easiest way to trandate actua wages by industry into sample-salection-
corrected wages by age isto use the actua values for matrices WI, and Ol, but use the
predicted wage from chapter 4 reldive to the average actud wage in matrix AO. Thiswill result
in deflating the actud wage s0 that it is gpplicable for dl individuas regardless of employment
datus. This modification resultsin an equation of the following form for ao; «: @0 j «=[(wagehét ;
W/ (wage «)]*[(No. people; «)/(No. people;)], where wagehat represents the predicted value
from the sample-sel ection-corrected wage estimation, and j and k are indices as described

above.

A further complication with using the age didiribution for occupations and indudtries
from the Census datais that there are individuals who are not alocated to a particular industry

or occupation. In order to solve this problem, a non-existent industry 52 is creasted. Smilarly,

“ Seei:hapter 4 for adetailed discusson of the issuesinvolved in estimating wages and |abor
supply.
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individuals without a specified occupation are assigned to occupation 22. The wage for industry
52 is assumed to be the average in the economy. Findly, thereis not an exact correspondence
between LIFT and IPUMS industry detail. Severd sectors, specificaly those for state, loca and
federd government, are not available in the same detall in the IPUMS asin LIFT. Therefore, the
bridge matrix transforms wages by industry that result from LIFT into the 43 industries used in

DPM. Thetotal number of employeesin each industry is used as aweight in the caculation of
aggregate wages.

AGE DISTRIBUTION FOR INCOME

LIFT cdculatestotal personad income (P1) in the economy. Dividing Pl by the number
of households results in persond income per household (PIPH). From the IPUMS data sets a
matrix of household income to average household income for each age, gender and marital
Stuation can be creeted (HI). Multiplying PIPH by HI will result in amatrix of household

income by age, gender, and marita satus (HIAG).

6.1) [HIAG] = PIPH - [HI]
3x4 3x4

AGE DISTRIBUTION FOR OCCUPATIONS
Occupationa choice not only influences the wage that women face but dso isan

important variable determining fertility and labor force attachment. An esimate of the age

distribution of occupations must be created from the IPUMS 1990 sample in order to estimate
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fertility. The estimate will caculate the percentage of women in each age and occupationd group
relative to the totad number of women in each age group; these are the weights for the AO

matrix above.

AGE DISTRIBUTION OF MARITAL STATUS
Marital statusis probably the Sngle most important determinant of fertility.

Consequently amatrix of the age didtribution of marita status, MA is created. For the three age
group example, MA would be a 3x1 vector of the percent of women in each of the three
different agesthat are married. Marita behavior in the U.S. has changed dramaticdly over the
last severd decades; in 1970 66% of women between the ages of 16 and 55 were married, but
by 1990 only 56% of the women were married. Nevertheless, the work presented here

assumes that the marital distribution is held fixed in the forecast years at the 1990 levels.®

The participation of husbands in the labor forceis aso an important determining factor
for fertility. Husband participation increases the likelihood of having a child. Unlike the dramatic
increases in femade participation rates, mae participation rates have moved very dowly.
Fortunately, smultaneoudy forecasting labor force participation rates and fertility is one of the
main thrusts of thiswork and can be used to obtain estimates of the participation rates of

husbands. In order to forecast the participation rate of husbands, the average age of husbands

“® While there have been dramatic changes in the marital tendencies of the U.S. population,
there is a'so some evidence that marriage rates are stabilizing. The demographic modd built
and demondtrated in this dissertation provides aframework for further study of interesting
demographic issues. So, while an in depth study of the marriage behavior is beyond the scope
of this dissertation, it is not beyond the scope or framework of this mode!.
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given the wifeé s ageis caculated first. Then the participation rate for husbandsis caculated as

the participation rate for men who are of the corresponding average age.*°

AGE DISTRIBUTION OF OLDER CHILDREN
Today’ sfertility choices have ared impact on fertility choicesin the future. The

presence of an older child increases the probability of having another child. However, once
there are two or more children in the household the impact of the older children on fertility is
diminished. Parents usudly start to have children with some desired total number of childrenin
mind.*” Consequently, the age-specific fertility equations must keep track of the number of
children dready in households and distribute them to women by their age. The average number
of children in the household is caculated by retaining lagged vaues of the fertility rates. In other
words we will need ameatrix of the average number of older children that women have for each
age group. Thismatrix will have to be caculated dynamicaly as ASFRs adjust to changesin the
economy. In this way fertility today will depend on fertility yesterday, and we can control for the

tota number of children that women have over ther childbearing life-cycle.

Keeping track of the number of older children in the household is accomplished by
adding up the conditiond fertility rates of women over ther childbearing years. Consder
forecadting the fertility rate for a forty-year-old woman. The fertility rate depends upon, among

other variables, the number of children between the age of 1 and 5 (NCHLT5), the number of

“® This smplification ignores the fact that married men have a different participation profile than
sngle men. However, for many ages the maority of the men are married and therefore the
average of the married and the Sngle is closer to that of the married men. Thisamplification is
necggary because the model caculates the average participation rate of men regardless of
maritd datus.

" See Bachu (1993), and Bachu (1991) for recent discussions of birth expectations.
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children over the age of 5 (NCHGT5), and whether or not there are 2 or more children dready
in the household (2KIDS). The NCHLTS5 can be caculated by adding up the appropriate age-
specific fertility rates for the last 4 years, NCHL TS5 = Fert39(t-1)+Fert38(t-2)+Fert37(t-
3)+Fert36(t-4). Smilarly, the NCHGTS can be calculated by adding up the fertility rates from 5

years ago through 18 years ago; NCHGT5= Fert35(t-5)+... +Fert22(t-18).

The percentage of 40-year-old women with two or more children is somewhat more
complicated. The percentage of women with two or more children is the sum of conditional
probabilities over the years during which the woman can have a child. Smply stated, the
percentage of women with two or more children is equa to the probability that awoman has a
second child given that she has afirg, plus the probability that awoman has athird child given
that she has two other children, and so on. The following C code illustrates the method of

cdculating the percentage of women who have two or more children.

for(age=16;age<=73;age++){ 1/ 73=55+18, used for labor force participation
if(age<19) edad = age; /I Don't add up fertility in years before born.
else edad = 19;
for(i=1;i<edad;i++) {
] =i+l
for(k=j;k<edad;k++) {
for(m=k+1;m<edad;m++) {
TWOKID[age] = TWOKID[age]+ (1-TWOKID[age])*
fertlag[edad-i][age-(edad-i)] * fertlag[ edad-k] [ age-(edad-k)] +
(1-TWOKID[age])*
fertlag[edad-i][age-(edad-i)] * fertlag[ (edad-k)][ age-(edad-K)] *
fertlag[(edad-m)][age-(edad-m)];
1383
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TWOKID isthe percentage of women who have two or three children in their household, and

fertlag[K][j] is fertility for age j and time period k.

This process of including past fertility results maintains the interna consistency of the

modd for predicting fertility, and crestes alink from previous fertility to current fertility and labor
force participation.

AGE DISTRIBUTION OF EDUCATION

The age digtribution of education plays an important role in the fertility decison. The age
distribution of educetion is obtained from the 1970, 1980, and 1990 IPUMs. Between 1970
and 1990 the age-specific education levels have gone up for dl ages and genders. Thisislikey
to be the case in the forecast period. Consequently, for those age-gender-specific education
levelsthat increased between 1980 and 1990, haf of that rate of increase was gpplied to years
through 1999, a quarter of that increase through 2009, an eighth of the increase is applied to the
years through 2019, and finally a Sixteenth of the increase is gpplied to the years after 2020.
Similarly, the age-specific percent enrolled in school increased between 1980 and 1990 for dl
age groups and genders. The forecast applies haf of the yearly increases between 1980 and
1990 to the years 1991 through 2000. Between 2001 and 2010 a quarter of the increases
between 1980 and 1990 are gpplied to the school enrollment. Findly, an eighth of the increase

and a sixteenth of the increase is gpplied to the years 2011 to 2020 and 2021 to 2050. The

* This process of summing the conditiona fertilities does not alow children to die. Thisisa
amplification, but unlikely to change the results sgnificantly.
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forecast of education and school enrollment is characterized by increasing educetion levels but

a adecreasing rate.*®

CROSS-SECTIONAL VARIABLES ROLLED INTO THE INTERCEPT
A number of variables in the cross-section estimates are not used in the smulation

model. These varidbles are rolled into the intercept value by multiplying the estimated parameter
and the average value of the variable. Specificdly, race, ethnic, and state dummies, Sate tax
rates and state dependent exemptions, the EITC, metropolitan status, and dummies for English

gpeeking and immigration satus are al rolled into the intercept.

Fertility Equations
For illugtration purposes, smplifying the age structure from 110 ages to 3 and applying

the methods outlined above results in the following age-specific fertility equations:

6.2) [F*]=  (Al+ b An( [WA]) + b, {HI |+ [KID]=8, +[Z]B,) .

3x3  3x1  3x10 10x1

f() represents the Logit probability function applied to the cells of the 3x1 matrix;
fO)=Exp()/(1+Exp()). A isameatrix of constants. Fertility by age (F*) isavector of predicted
fertility rates usng the results of the cross-section estimation. WA and HI are defined as above
and arein 1989 dollars. KID is 3x3 matrix of the average number of children lessthan five,
older than five, and two or more children that women in each age group have. Z is ameatrix of

many of the other regressors that have age digtributions.

* The educationd attainment levels are exogenoudy determined. An interesting areaof further
sudy and anadlysisisto consder endogenizing educetiona attainment.

119



Time-series Anadyss of Fertility Equations
The results of the cross-section anadysis are captured in F*. However, while capturing

many of the effects of differencesin socio-economic variables, F* may not capture the effects of
changesin cross-section and other variables over time. By using F* as an independent variable
in atime-series andysis of age-gpecific fertility, sysematic shiftsin individuas responses to
changes in other variables can be captured and included in the model. Moreover, the cross-
section work captured the mean effect across a broad range of variables and ages. The time-
series regression for each age group will try to capture the mean effect on that specific age
group, thereby diminating large errors associated with age groups who have characterigtics that

drasticdly diverge from those of the mean.

In addition to the issues raised above, the cross-section estimates are made from one
data set while the actual time-series deata are from another. The cross-section estimates are from
the 1970, 1980, and 1990 decennia long-form samples. Actud fertility rates are calculated
using the number of births by each age from the National Center for Hedlth Statistics (NCHS). ™
Age-specific fertility rates are the number of births for each age mother divided by the
population of femaes in each age. One consequence of using two different data sets for the
cregtion of fertility equationsis that the sample may not reproduce actud totd fertility. Figure
9-1 shows the mean fertility by age from NCHS and IPUMS for the years 1969, 1979, and
1989. Inthe Figure, solid data points represent the IPUM S data sets whereas unfilled data

points represent the NCHS data. In 1969 and 1979 the IPUMS estimates are relatively close

%0 See U.S. Department of Hedlth, Education, and Welfare, Vital Statistics of the United
Sates, for the years 1950-1993.
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but generdly below the actud fertility rates. However, in 1989 the IPUMS estimates are well
below the actud fertility rates. Brownrigg and de la Puente (1992) find that there is a corrdation
between observing a young child and the Census undercount. De la Puente (1995) documents
that the census undercount was the result of irregular, ad hoc, or unnoticed housing units. These
housing units tended to be among the poor. Thus the 1990 undercount may have contributed to
the under-estimate of fertility. These results suggest thet it isimportant to correct for systematic

problems in the cross-section estimates by doing atime-series andysis.
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Fgure 9-1 IPUMS Sample and NCHS Female Fertility by Age (1969, 1979, and 1989)
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In order to do atime-series anadysis, the independent variable F* needs to be created
for higtory. The higtoricd vaues of F* are created by running a historica smulation. The
parameter values used in cresting F* are from the 1970, 1980, and 1990 estimation discussed
in Chapter 3. The parameter values for the intervening years are linearly interpolated, as are the
vaues of variables like the occupationa digtribution by age. The estimates were made using

current dollars. F* is caculated using 1990 dollars. In order to use the 1970 and 1980 resuilts,
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the parameters for the wage rate and the value of other household income for 1970 and 1980
are multiplied by theratio of average household incomein 1970 and 1980 divided by average
household income in 1990. This effectively puts the parameter values into 1990 dollars instead

of 1970 or 1980 dallars.

Once aset of historica F*s are created they can be used as independent variablesin
the times-seriesregressons of ASFRs. The history of fertility rates used in the modd isfrom
1950 to 1994. However, because F* is calculated using the number of children in the household
which inturn is caculated using higtorica fertility rates, the first year that can be used to estimate
the time-series regression is 1968 (1950+18=1968). For years prior to 1969 the vaue of

parameters and age distribution variables are assumed to be like those from the 1970 IPUMS.

Figure 9-1 showed the mean femde fertility rate by individua age for women between
the age of 16 and 45 for the years 1969, 1979, and 1989. Mean fertility peaked for these
women between the age of 24 and 27 at about 17% in 1969, 12% in 1979, and 10% in 1989.
After age 28 the fertility rate dowly declinesto zero. While technicaly not part of the Baby
Boomers (1946-1964), the children born in 1969 were part of a cohort of children with

mothers who had higher fertility rates than have occurred since.

Figure 9-2 through Figure 9-6 show the results of the time-series Logit regressons from
1969 to 1993. The dependent variables are the natura log of the ASFRs, or probabilities of
having a birth, divided by one minus the probability; log(P/(1-P)). The Logit formulation
effectively bounds predicted values of fertility rates between zero and one. Since F* isa

probability and, idedly, should beidentical to the ASFRs, asmilar transformation is done to

123



F*; log(F*/(1-F*)). Other variables included in the regression are the fema e wage rate relaive
to the wage of 39 year old maes (Frwage), and the unemployment rate relative to tota

population (Unem). The estimation equetion is.

AR _p 4B, Iogﬂ+ Bs- Frwage+ Bs- Unem.*

6.3) log———— =
1- ASFR 1- FSTAR

Fgure 9-2 shows the estimated intercept parameter for each ASFR between the age of
16 and 44. The figure dso shows the parameter plus one standard deviation and the parameter

less one standard deviation. The estimated parameters tend to cluster around

Figure 9-2 Logit Estimation of Intercept Parameters for Fertility Rates 1969-1993
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zero until the late thirties where they become increasingly postive.
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Figure 9-3 shows the parameter estimates for B,, the parameter on the transformed F*

variable. Given the congtruction of the dependent and the independent variable, B, should be

1.0if F exactly replicatesthe ASFR. Until the middle thirties B, seemsto be roughly clustered

around 1.0. However, after age 35 B, becomes progressvely larger than 1.0. This suggests that

F* is predicting lower fertility for these older age groups.

Figure 9-3 Logit Estimation of F* Parameters for Fertility Rates 1969-1993
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Figure 9-4 shows the parameter B; on the femae wage rdlative to the male wage of 39

year-olds. The figure suggests that increases in the relative wages for women under the age of

24 will incresse fertility. However, F* calculated from the cross-section resultsincludes a

negative effect of wages on fertility. Thus, the estimated parameter B; may very well be zeroing

out only the negative effect from the cross-section. However, for women between the ages of

*! Table 13-25 in appendix D shows the results from an aternative specification. Appendix D
compares two specifications.
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24 and 28 and older than 40 thereis a distinctly negative impact of wages on fertility. Therefore,

the cross-section andysis did not fully take into account the negative effect of wages.

Figure 9-4 Logit EStimation of Female Relative Wage Parameters for Fertility Rates 1969-1993
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Figure 9-5 shows the parameter estimates for changesin the unemployment rate. The

graph srongly suggests that the unemployment rate has essentialy zero impact on fertility. If the

graph showed two standard deviations about the parameter dl but afew of the confidence

intervas would include zero.
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Figure 9-5 Logit Estimation of Unemployment Parameters for Fertility Rates 1969-1993
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Figure 9-6 shows the adjusted R-squares for each regression. The regressons are

overd| explaining mogt of the variation in ASFRS. The one exception is that of 16-year-old

women, explaining only 38% of the variation in teen motherhood. Figure 9-3 showed the

parameter estimates for the constructed cross-section variable, F*, the estimated parameter for

16 year oldswas well below our expected value of 1 suggesting that F* over estimated the

fertility of 16 year old women.

127




Figure 9-6 Logit Estimation Adjusted R-Squares for Fertility Rates 1969-1993
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Labor Force Participation
The objective of modding labor force participation is to determine endogenoudy the

gze of the labor force. The current version of LIFT uses exogenous participation rates to
cdculate the sze of the labor force. Like modding fertility, the endogenization of |abor supply
will rely on the use of age-specific equations for the participation rate and the number of hours
worked. The result of the equations will be a set of predicted participation rates and annua
hours worked for each age. The predicted vaues combined with the population in each age

bracket create the total 1abor force.

The participation equations are calculated in a smilar manner to that used for calculating
ASFRs. Fird create P+, age-specific participation rates (ASPR) based on the results from the
cross-section estimates. Then use P+ as an independent variable for estimating participation by
age over time.

P* for women is Ssmply the predicted vaue from the cross-sectiona estimetion.
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However, for men P+ isaweighted combination of the predicted values for sngle and married
men, where the weights are the percentage of men single and married. Men are treated
differently than women because fertility can be attached to married men in the cross-section but

not to sngle men.

Time-saries Reaults

Figure 9-8 through Figure 9-14 show the results of the time-series Logit estimation for
women for the years 1969 to 1996. The dependent variables are the L ogit transformation of the

participation rate; log(ASPR/(1-ASPR)).>* The equation used to estimate female labor force

participation is:
6.4)
Iogﬂ =B:- Iogﬂ + B2+ ZFrwage+ Bs- ZUnem + B4 - ZSevsix +
1- ASPR 1- PSTAR
Bs- ZFertlag

%2 Published data on age-specific participation rates s difficult to obtain for more than afew
recent years. Consequently the gender-age-specific participation rates for the years between
the decennid censuses are made by moving the vaues obtained from the IPUMS with the
movements in aggregate gender-age groups. Time-series vaues of the ASPRs are constructed
from the 1970, 1980, and 1990 IPUMSs, and the United States Statistical Abstract for the
years 1969-1996. ASPRs are created by calculating the participation rate for al ages from
the ten year decennia censuses, and then moving the individua age participation rates in the
intervening years with published participation rates for men and women in age groups 16-19,
20-24, 25-34, 35-44, 45-54, 55-65, and 65 plus. Thus the participation rate for 28 year old
men in 1985 is mlabfrc28{ 1985} = mlabfrc28{ 1990} *

(prtm2534{ 1985} /prtm2534{ 1990} ), where mlabfrc is the male labor force, prtm2534 isthe
participation rate for men between the ages of 25 and 34, and the braces indicate the year.
This formulation moves the detailed participation rates from the decennid censuses with the
changes in the published participation rates for the intervening years.

129



By construction thereis not an intercept.>® P* is the cross-sectional estimate crested by using
the parameter estimates from the 1990 PUMS. The leading Z in the name of the other variables
indicates that the variables have a zero mean. ZFrwage is the femade wage rdative to the male
wage for 39-year-olds |ess the average Frwage between 1969 and 1996. ZUnem isthe
unemployment rate relative to the population less the mean unemployment rate over the
estimation period. The dependent data prior to 1976 comes from a different data source,
consequently there is a noticeable break in the time-series between 1975 and 1976. In order to
account for the changing data source, a zero-one dummy variable with avaue of one before
1976 and zero after 1976 isincluded. Thus, Zsevax is azeroed dummy variable with vaues of
0.75 before 1976 and negative 0.25 after 1975.> Zfertlag is fertility from last year for women
one year younger minus the average of lagged fertility over the estimation period. For women

older than 45 Zfertlag is deleted from the regression.

Figure 9-7 shows the mean femae labor force participation rates for women age 16-91
for the years 1969, 1979, and 1989. Over that time frame, the mean participation rate was
roughly 70% for women between 23 and 46. Thereisadight dip in participation for womenin

ther late twenties and early thirties --generaly high fertility years occur just before these years

%% The intercept is |ft out of the regression for anumber of reasons. Firg, the constructed
Cross-section estimate of participation uses only the 1990 parameters. A linear interpolation of
the parameters from 1970 to 1980 to 1990 like that used for fertility was performed and
resulted in very poor fits. The interpolation introduced severe trends in the constructed time-
series that were undesirable. Therefore only the 1990 parameters were used. Thisresulted in
aset of time-series variables, P*, that moved like the actua but only around the 1990
participation rate. Consequently, for age groups that experienced very little movement in their

icipation the P+ variable acted like a constant variable. This necessitated that the intercept
left out for those regressions. In order to maintain consstency across the equations, the
intercept was excluded from dl of the participation regressons.

> See U.S. Bureau of the Census, Statistical Abstract of the United Sates: 1997 (117th
edition) Washington, DC 1997, p. 394.
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(see Figure 9-1)-- suggesting that the presence of toddlersin the home may be the cause of the
dip. By age 65, only 20% of the women are working, most women are retired. The figure

shows the large changes that have happened in the workplace between 1969 and 1989.

Figure 9-7 Mean Femae Labor Force Participation by Age
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In 1969, no single age group has an average participation greater than 60%. However, by 1979
every sngle age group from 19 years of age to 49 years of age has average participation rates
greater than 60%. Moreover, by 1989 every single age group from 22 years of age to 50 years

of age has an average participation rate greater than 70%.

There are two things that stand out about Figure 9-7. Fird, in 1969 thereis avery
pronounced decline in the participation rate in the late twenties and early thirties. Thisdeclineis
far dighter in 1979 and 1989. Secondly, by age 60 the participation ratesin 1969, 1979, and
1989 merge. There are anumber of possible explanations for the merging of the participation
rates. The fact that these women dl seem to have the same participation rates may suggest that
they dl faced Smilar economic Stuations, i.e. same wages, and income. However, the radical
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changes in participation witnessed over the last severd decades was principdly built on the
shoulders of women who in 1989 are in their forties. Thus, the merging of participation ratesin
1989 may only reflect the fact that the cohorts with increased participation have not reached
their gxties yet, and once they do reach their sixties, there quite likely may be adivergencein
participation rates. More recent data showing that the participation rate for 55 to 64 year old

women has increased from 45.3% in 1990 to 49.6% in 1996 supports this cohort argument.>

Figure 9-8 shows the parameter on the estimated participation rate from the cross-
section. Given the congtruction of the estimation equation, the parameter on P* should be 1.

With the exception of afew outliers B, is clustered around 1.0.

Figure 9-8 Logit of Female Participation 1969-1996 Parameter on P*/(1-P*)
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Figure 9-9 shows the parameter estimates for B,, the parameter on the zero mean

femde rdaive wage rate. It gopearsthat over the life cycle women areinitidly pogtively

% See U.S. Bureau of the Census, Statistical Abstract of the United States; 1997 (117th
edition.) Washington, DC, 1997, p. 397.

132



influenced by increases in the femae wage rate. But, as they age they are lesslikdy to be

influenced by changesin the femae wage rate.

Figure 9-9 Logit of Femae Participation 1969-1996 Parameter on Female Relative Wage
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unemployment variable. Before analyzing the figure and the parametersiit is useful to note that
the cross-section estimate of the effect of unemployment on participation was negative. Hence,

the gpparent effect from the figure that as unemployment increases women will tend to enter the

Figure 9-10 shows the parameter estimate for B; the parameter on the zero mean

labor force, may actualy be wrong. The figure does suggest that P* attributed too much of a

negetive effect of unemployment for women younger than 35 and older than 58. The negative

effect from the cross-section may very well be correct for women between the ages of 35 and

S7.
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Fgure 9-10 Logit of Femae Participation 1969-1996 Parameter on Unemployment
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Figure 9-11 shows the parameter estimate for By, the parameter on the dummy prior to
1976. The parameters pick up the bresk in the time-series. The series have lower values prior

to 1976, which is picked up by a negetive vaue for B,.
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Fgure 9-11 Logit of Female Participation 1969-1996 Parameter on 1976 Dummy
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Figure 9-12 Logit of Female Participation 1969-1996 Parameter on Lagged Fertility
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Figure 9-12 and Figure 9-13 show the parameter estimate for Bs, the parameter on

lagged fertility. Thefirg figure diminates 16, and 40-45 year olds. The second figure shows dl

of the parameter estimates for women age 16-45. Figure 9-12 shows that the effect of
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increased fertility in the previous year is to decrease the participation rate for women in the
current year. Figure 9-13 includes the parameter estimates for women 16, and 40-45. The
parameter on 16-year-olds is substantialy different from those on the other age groups. The
high postive vaue suggests that 15 year olds who have children will increase their participation

in the next year. The same result appliesto 17 year olds however, to amuch smaller degree.

Figure 9-13 Logit of Female Participation 1969-1996 Parameter on Lagged Fertility
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Findly, Figure 9-14 shows the corrdation coefficient between the actua dependent
variable and the predicted dependent variable using the estimated parameter values from the

regresson.®

In contrast to the changes seen in the fema e participation rates, mae participation rates

have remained relatively steady. The participation rate for married men between the ages of 35
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and 44 was 98.1 in 1970, 97.1in 1980, 96.7 in 1990, and 95.4 in 1996. The 2.7 percentage
point drop in participation from 1970 to 1996 is very smdl when compared with the 29-
percentage point increase in participation of married women in the same age bracket. Smilar to

the drop for married men, single men aso have been

Figure 9-14 Logit of Femae Participation 1969-1996 Correlation Coefficient
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dowly reducing their participation in the labor force. Between 1970 and 1996 single men
between the ages of 35 and 44 have reduced their participation by 4.1 percentage points from

86.1. Men have very dowly reduced their participation over the last several decades.

Figure 9-15 shows the mean mae labor force participation by individua age for the

years 1969, 1979, and 1989. Between age 22 and age 55, male participation isfairly flat and

% The corrdation coefficient between two random varigbles X and Y is:
F(X.Y) = Cov(X,Y)
xSy

correlation coefficient is bounded between -1 and 1.

. Cov(.) isthe covariance and s isthe standard deviation. The
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relatively high above 80%. However, after age 55 it startsto drop of in dl three years. Between
age 60 and 65 thereis a precipitous drop in participation. In 1969, the single largest drop, 15.8
percentage points, occurs between age 64 and 65. However, in both 1979 and 1989 the single
largest drop in participation occurs between age 61 and 62, with 10.7 and 11.3 percentage
point drops respectively. Overal the reductions in participation between age 60 and 65 are
smilar; in 1969 the reduction in participation was 33.5 percentage points, in 1979 it was 36.8,
and in 1989 it was 35.9. Thusiit gppears that men are reducing their participation at earlier ages
and over agreater range of ages. Anderson et d (1997) find that at least a quarter of the
reduction in participation for men between the age of 60 and 65 is the result of changesin the
pensions and socid security plans during the 1970’ s and 1980's. These dradtic reductionsin the
rate & which men are participating in the labor force make it crucia that participation is modeled

for each year’ s age group.
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Fgure 9-15 Mean Mde Labor Force Participation by Age (1969, 1979, and 1989)
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Like the time-series regresson for women, the Logit formulation of ASPRs are
regressed on P+, the mae relaive wage rate, the unemployment rate, and a dummy varigble
capturing the break in the time-series between 1975 and 1976. Also like the femde
participation regressions, the estimation equation does not include an intercept and the
constructed cross-section variable, P*, uses only the 1990 parameters (see footnote 53). The

estimation equetion is.

_ASPR B:- Iogﬁ+ B2- ZMrwage + Bs- ZUnem + B4 - ZSevsix.
1- ASPR 1- PSTAR

6.5) log
Where ASPR, P*, Zunem, and Zsevsx, are dl defined asin the female participation
regresson. Zmrwage is the male wage rative to the wage for 39-year-old females lessthe
mean of the mae relative wage over the estimation period. Asintheal of the previous
formulations the coefficient on the log of P* over one minus the P* should be 1.0. A priori, B,

and B; could be either positive or negative. B, captures the effect of breaks in the time-series of
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participation rates and thusis expected to be both positive and negative depending on whether

the data prior to 1976 has higher or lower estimates of the participation rates.

Figure 9-16 through Figure 9-20 present the results from the time-series regression for
male ASPRs for the years 1969-1996. Figure 9-16 shows the parameter estimate for B,, the
parameter on the transformed P*. A priori, we expect B, to have avaue of one. A vaue of one
would indicate that the cross-section estimates are very close to the actuad ASPRs. A value
greater than or less than one suggests that P* is underestimating or overestimating the ASPR
repectively. The figure shows that for dl but afew of the age groups, B, is very closeto one.
The parameters for men between the ages of 60 and 70 (typical retirement years) are unusud.
The parameters for these men vary from amost 2.5 to dmost zero. Thislarge variancein
parameters for these age groups suggest that in some instances, prior to age 63, P* is
underestimating participation and in others, after age 63, it is overestimating participation. The
cross-section estimates forced a smooth reduction in participation as aresult of age, where, as
seenin Fgure 9-15, there actualy appearsto be adrastic drop in participation for men. Thus,
one possible cause for the wildly varying values of B, isthis smooth trangtion enforced in the

Cross-section estimation.
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Figure 9-16 Logit of Mae Participation Rates 1969-1996 Parameter on P*
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Figure 9-17 shows the parameter B,, the zero mean mde rdative wage varidble. The
male wage is relative to the female wage for 39-year-olds. For men between 20 and 65 years
of age B,, is positive; increases in mae relaive wage increase the probability of participating in
the labor force. For men older than 65 B, is on the whole negetive, suggesting that increasesin

the relative wage decrease participation.
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Figure 9-17 Logit of Mae Participation 1969-1996 Parameter on Mae Relative Wage
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Figure 9-18 Logit of Mae Participation 1969-1996 Parameter on Unemployment
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Figure 9-18 graphs the parameter results for Bs, the parameter on the Zero mean

unemployment rate. As with the female participation equationsiit is difficult to asses the totd
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effect of unemployment on participation without actudly running a smulation because the
variable P* is negatively rdated to unemployment. Thus, the postive Bs's could merely be
eliminating the effect of the negative unemployment from the cross-section, or compensating in
some fashion. The one or two negative or zero vaues are unambiguoudy suggesting an overdl
negative relationship between the unemployment rate and the participation rate. Men in ther
early thirties and near retirement ages (60-65) decrease participation with higher unemployment

rates.

Figure 9-19 shows the parameter estimates for B,, the parameter for the dummy
variable prior to 1976. The dummy captures the effect of the breaks in the time-series of actud
data. B, is estimated to be both positive and negative, depending on whether the data prior to

1976 is higher or lower than the data that occurs after 1976.
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Fgure 9-19 Logit of Made Participation 1969-1996 Parameter on 1976 Dummy
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Findly, Figure 9-20 shows the correlation coefficients for the male ASPR regressions.
Like the female ASPR regressions, the mae regressions are specified without an intercept,
necessitating an dternative to R-Square for testing the fit of the equations. The correlation
coefficient describes the correlation between the actua values and the predicted ones. A high
positive correation suggests that when the actua variable is above its mean, the predicted
variable is dso aove its mean. The figure shows that most of the predicted vaues have ahigh
degree of positive correlation with the actud. The one exception isthe predicted value for 24-

year-old males, where the corrdation is quite low.
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Figure 9-20 Logit Estimation of Mae Age-specific Participation Rates 1969-1996 Dependent
is LogP/(1-P)
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Annual Hours of Work
In addition to forecasting the participation rates for men and women, DPM forecasts

age-gpecific annua-hours of work for men and women. The annud hours of work variable is

constructed using only the cross-section equation, and then it is scaled by a constant to match

the 1990 annua hours of work. Table 9-1 Annuashows the distribution of the scalars for men

and women. For men, the mean value of the scdar is 1.03, while for women the mean vaueis

1.1. For both men and women the median is dightly less than the mean. The sandard deviation

isdightly greater for women than it isfor men. In sum, the scdar is overal close to one, but

closer to one for men than for women.
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Table 9-1 Annua Hours Scdar Didributions for Men and Women

Male Hour s Scalar
N Mean Sd Dev

75 1032067 0.227843
Quantiles 9% 2037
100% Max 2.037 95% 1.659
75% Q3 1034 9% 1129
50% Med 0.992 10% 0.852
25% Q1 0.97 5% 0.841
0% Min 056 1% 0.56
Female Hour s Scalar
N Mean Sd Dev

75 1101093  0.296327
Quantiles 9% 2.862
100% Max 2.862 95% 17
75% Q3 1.108 9% 1.196
50% Med 1.051 10% 0.92
25% Q1 1.008 5% 0.909
0% Min 0.488 1% 0.488

Major Linkageswith LIFT
The mgor avenues through which the demographic mode! islinked to LIFT arethe

population and participation rates that come out of the demographic modd, aswel as from
LIFT wages, unemployment, and income.>” Because these different variables from LIFT can
have different and complex effects on the demographic modd, this section investigates the
effects of a 1% increasein (a) wages, in (b) the number of unemployed persons, and in (c)
personal income for the years 1993-2050. Each increase is done individudly and separately

from the others. The results are the gross adticities of wages, unemployment, and persona

*" In the forecast period the margina effect of wages (above age-specific average wages for
1989) on fertility isreduced, by 25% between 1990 and 1994, 35% between 1995 and
1999, 45% between 2000 and 2004, 55% between 2005 and 2009, 60% between 2010
and 2014, and 65% therafter. In addition, the marginal effects of income above the 1989 age-
specific mean on participation is reduced by 50% between 1990 and 1999, 65% between
2000 and 2009, and 80% therafter. These reductions in the marginal effects account for the
fact that the cross-section parameter are decreasing in absolute value between 1970 and
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income with respect to the endogenous variables (fertility, and mae and female [abor force
participation).

Table 9-2 shows these dadticities for the years 1997, 2020, and 2050. Thetable
indicates that for the Total Fertility Rate (TFR), a 1% increase in wages decreases fertility in
2050 by dmost 5%. There are amilar, though smdler, dadticities for an increase in the number
of unemployed. A 1% increase in persond income tends to incresse fertility but only dightly in
1997. In 1997 TFR isup by 0.5%, in 2020 the TFR isup 0.9%, and in 2050 the TFR is up
1.2%. For the most part the increases seem to be compounded over the years. That is, the
eladticities are larger in 2050 than they arein 1997. Thisisthe result of decreased fertility in
previous years reducing not only current fertility but aso influencing the participation of
hushands and women, and through the number of children aready in the household impacting
fertility. The eadticities for both mae and femae participation are somewhat smdler than those
for fertility. A 1% increase in wages seems to have very little effect on the participation of men
until 2050 when it reduces participation by -0.6%. Similar reductions in male participation occur
with increases in the number of unemployed, and persond income. For women the results are
somewhat more complicated. Increases in wages and the number of unemployed actudly
increase the femal e participation rates in 1997, and 2020. But by 2050 those increases have
given way to decreases on the order of 0.2%. Thisisthe result of the combined effects of
decreased fertility in the early years increasing participation in the early years. At the sametime,

male participation decreases by 0.6% and 0.5%. The significant decrease in male participation

1990. Not reducing the margind effects would result in driving participation and fertility to
unacceptably low levels of predicted fertility and participation.
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in 2050 reduces femal e participation by more than the direct effect of increases in wages and

unemployment.

Table 9-2 Modd Eladticities 1993-2050

Model Elasticities From 1% increase 1993 - 2050
Y ear 1997 2020 2050
Total Fertility Rate Elasticity with respect to
Wages -4.1 -39 -4.7
Unemployed -30 -34 4.3
Personal Income 05 09 12
Males 20-65 Labor Force Participation Rate Elasticity with respect to
Wages 0.0 0.0 -0.6
Unemployed -01 0.0 -05
Personal Income -0.2 -0.1 -0.5
Females 20-65 L abor Force Participation Rate Elasticity with respect to
Wages 0.2 0.2 -0.2
Unemployed 0.0 02 -0.2
Personal Income -01 01 -0.3

In sum, the mgor linkages in the modd seem to work in predictable ways, dthough
once dl of the equations are turned on, the results are somewhat different than the direct effects
might suggest. The model has a number of interesting properties with respect to economic
variables. Increases in wages and unemployment reduce the fertility rate, thereby reducing the
potentid future labor force. These changes in fertility rates have important effects on femade
participation today; decreases in fertility increase femde participation. Increasesin income
actudly have a negative impact on fertility through their indirect effects on mde participation. All
of these effects show that the modd is sengtive to changes in the economy. Moreover, the
results suggest that the effects of changesin policy variadles may be far from immediatdy

transparent.

148



Conclusion

This chapter presented an overal methodology employed to combine cross-section
edimates into a time-series estimation of fertility and labor force participation. The mgor
linkages with the LIFT modd are through transforming industrial wages into wages by age,
transforming persond income into age-specific household income, and the unemployment rate.
The cross-section predicted variables, the F-star and P-star variables, al have reasonable signs
and magnitudes in the time-series estimations. The leve of correlation between the predicted
variables from the time-series andyss dl suggest thet alarge portion of the variation in the
dependent variablesis being explained by the independent regressors. Findly, the mgor
economic linkageswith LIFT dl have reasonable model characteridtics, fertility decreases with
increases in the wage rate, decreases with increases in the number of unemployed persons, and

increases with increases in persona income,
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Chapter 10 SSA Projections: an analysis of the demographic and economic
assumptions

In this chapter, the DPM model uses the Socia Security Administration (SSA)
economic projections as the economic drivers of the DPM model. Then the chapter compares
the resulting fertility and labor force participation forecasts from DPM with those of the SSA.
The chapter is organized in the following manner. First it will present the three SSA projections
paying particular attention to the variables that are expected to have an impact on the modd.
Second it will present the results for endogenizing fertility done. Third, both SSA economic and
fertility projections are used to create DPM forecasts of participation. Finally, both fertility and
participation are endogenized using only the economic projections from the SSA to drive the

modd.

Introduction

The previous chapters have shown how economic variables can influence individud
decisons that households make about fertility and labor supply. This chapter uses the model
developed in chapter 5 to analyze the Socia Security Adminigtration projections. Specificaly, a
Low cost projection, an Intermediate projection, and a High cost projection, are taken from the
1997 Annual Report of the Board of Trustees of the Federal Old-Age and Survivors Insurance
and Disahility Insurance Trust funds. The first and third scenarios are meant to provide a best
case and worst case upper and lower bound on the outcome for the SSA trust funds. The three
projections include forecasts of age-specific fertility rates, participation rates, growth in wages,

growth in the economy (GDP), and the unemployment rate. The demographic and economic
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forecasts are then used to drive the Demographic Projections Modd (DPM). The results can

then be compared with the SSA forecasts.

The purpose of this dissertation is to show how the economy affects demographic
variables and how those demographic variables can then feedback to have important impacts on
the economy. The SSA projections are essentidly straight-line projections for each variable of
interest. In other words, each variable is andyzed separately without recognizing thet the
economy isasystem. The purpose of this chapter is to isolate the problem of unconnected
forecasting and to show how smultaneoudy forecasting the economy and the population isan
important exercise. Thus, apriori, the expectation from this chapter is that holding everything
else congant and only alowing one variable to change resultsin different profiles of fertility and

participation then if &l of the variables are dlowed to interact.®

Three sets of DPM simulations are presented here: one set presents the results of
endogenizing fertility using the other variables projected by the SSA; a second set presents the
results of endogenizing participation rates using the other variables projected by the SSA; and a
third sat of smulationsis presented in which both fertility and participation are endogenized.

Thus for each SSA projection, Low, Intermediate, and High, there are three DPM projections

%8 The SSA makes long term projections about a number of variables, fertility, labor force
participation, interest rates, GDP growth, and the inflation rate. The purpose of their
projections is to determine reasonable forecasts for the OASDI trust funds. In order to cover
alarge variance in the forecast of the trust funds, the SSA provides forecasts of these
economic and demographic variables consgstent with Low, Intermediate, and High costs for
the trust funds. Thus, the aternative forecasts do not necessarily take into account the
rel ationships between these variables, merdly the effect that they have on the trust fund. See
Monaco and Phelps (1998) for a discussion of macroeconomic feedback effects.
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(fertility endogenized, participation endogenized, and both fertility and participation

endogenized).

The results of the three sets of DPM smulations show that when using the economic
assumptions found in the High cost (Low cost) dternative the endogenized variable has a
consderably different profile. In the SSA High scenario, fertility islower than in the Intermediate
case. However, when fertility is endogenized using the High cost scenario economic varigbles
the resullting fertility is higher than in the Intermediate case. Thus the economics of family
decisions about fertility tend to move the High or Low scenario closer to the Intermediate
scenario. The economics of fertility (and to alesser extent, labor supply) implemented in the
DPM mode tend to push the economy back toward a middle scenario. Therefore, this work
verifies that the SSA bounds are indeed upper and lower boundaries on the set of possible
outcomes. The Intermediate scenario is a possibly a decent base case. However, because the
proper linkages are not included in the SSA projections for the trust funds, the dternative
projections do not provide a meaningful basisfor policy analyss. Rather the SSA projections
provide awarning sgnd about the health of the trust funds. The next section presents the SSA

projections in more detall.

Board of Trustees of OASDI Projections
The Board of Trustees for the Old-Age, survivors, and Disability Insurance (OASDI)

trust fundsis required to submit annua reportsto the U.S. Congress on the financid status of
the trust funds. In doing so the Board takes into account changes in the economy and

demographics of the U.S. to reasonably forecast the solvency of the trust fund over the next 75
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years. The Board of Trustees for OASDI (1997) find that by the second decade of the next
century the assets of the OASDI Trust funds will grow to $2.74 trillion. However, within 7
years of accumulating $2.74 trillion, they project that the trust funds will become insolvent;

revenues will only cover 75% of the annual expenditures.

In order to make these trust fund projections, the Board of Trustees' report must take
into account the future of the economy (wages, income, prices, etc.), the population size, and
the population didtribution. A smple example of these issuesisthat if the economy grows fadter,
the outlook for the trust funds is better. Smilarly, if thereis an increase in the number of working
age people, the trust funds receive additiona revenue from the additiona workers, resulting in a

better outlook for the trust funds.

Table 10-1 shows the projections of a number of variables from the 1997 report of the
Board of Trustees of the OASDI. The Table shows the unemployment rate (Unem), the total
fertility rate (TFR), the average participation rate for men and women between the ages of 20
and 64 (prtm20 and prtf20), and three indexes for the rea wage, redl GDP and the CPI. The
participation rates are the sum of age-cohort-specific participation rates divided by the number
of cohorts. The unitary weighting of the cohort participation rates diminates differencesin the

participation rate for 20-64 year olds due to changes in the digtribution of the population.
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Table 10-1 Board of Trustees of the OASDI Trust funds 1997 Assumptions™

SSA Unem  Average Annua % Change Total Participation Rates

Year Alt. Rate Real Wage Red GDP CH  Fertility Men Women
Rate 20-64 20-64

1996 Low 54 0.7 25 29 2024 0.84 0.69
Int. 54 0.7 25 29 2013 0.84 0.69

High 54 0.7 25 29 2001 0.84 0.69

2000 Low 51 14 2.7 25 2052 0.85 0.71
Int. 5.8 08 20 34 1996 0.85 0.70

High 6.6 -01 11 6.0 1940 084 0.70

2010 Low 50 14 23 25 2120 0.84 0.71
Int. 6.0 09 18 35 1951 084 0.71

High 70 04 13 45 1780 0.83 0.71

2020 Low 5.0 14 18 25 2193 0.84 0.72
Int. 6.0 09 13 35 1905 0.84 0.71

High 70 04 0.7 45 1616 0.83 0.70

2050 Low 5.0 14 21 25 2200 084 0.73
Int. 6.0 09 13 35 1900 0.83 0.71

High 70 04 04 45 1600 0.83 0.69

Table 10-1 shows the SSA projections for the years 1996, 2000, 2010, 2020, and
2050. In each year the Low cost projection (dternative 1), the Intermediate projection
(alternative I1), and the High cost projection (dlternative 111), are shown. The Board of Trustees
regards the Intermediate estimates “ as their * best estimates.””® The High and Low cost
estimates provide reasonable bounds for both pessmistic and optimistic projections. Thusin
2050 the Board of Trustees project the unemployment rate to be 6%, the red wage will have

increased 57% over itsvaluein 1996, GDP will have increased 111%, and the CPI will have

> The economic variables are created from Board of Trustees OASDI (1997) Tablel11.B.1, p.
179. Thetotd fertility rates are from Felicite Bdll (1997). The labor force participation rates
used in the Board of Trustees Report are from an unpublished mimeo of participation rates
from Rob Bddwin in the Office of the Actuary, Socid Security Administration, Room 700,
Altmeyer Building, Batimore, MD 21235.
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increased 635%. The Totd Fertility Rate (TFR) is projected to decline from its current value to
1.9 children per woman. Findly, participation rates are expected to decline dightly for men and
increase dightly for women. The Low cost estimates show lower unemployment rates, faster
GDP and wage growth, dower growth in prices, higher labor force participation, and a higher
TFR. Conversdly, the High cost estimates project higher unemployment, dower red wage and

GDP growth, higher inflation, lower participation and fertility.

DPM Analysis of SSA Projections
As shown in the previous chapter, DPM uses real wages, red income, and the

unemployment rate as the primary links to the economy. The DPM smulations presented here
use the SSA projections of these variables as the drivers of the model. Wagesin all 52 sectors
are made to move with the movements in the average wage movements from the SSA
projections. In order to obtain unemployment relative to the population, the unemployment rate
ismultiplied by SSA estimates of the labor force and divided by SSA estimates of the
population. Persond income is assumed to grow at the same rate as the growth in GDP. The
fertility Smulations use the participation rates from the SSA projections for each dternative. The

participation Smulations use the SSA fertility rates for each dterndive.

If the policy objective is to reduce the probability of an insolvent trust fund it might be
very useful to have boundaries of the possible set of outcomes. However, if the best estimates
are used to produce forward-thinking policies, and the best estimates fail to include the natural

rel ationships between the variables of interest and the policy variable, the policy implementation

% Board of Trustees of OASDI (1997), p. 11.
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isjust aslikely to go wrong asit isto go right. In addition to forecasting each varidble
separately, the SSA projections of the key demographic and economic variables dl reach ther
“ultimate values’ between 10 and 25 years into the future. In 2010 the unemployment rate
reaches its ultimate vaue of 5%, 6%, and 7% in the Low, Intermediate, and High cost scenarios
respectively. Smilarly, growth in the CPI and the redl wage reach their ultimate values in 2010,
and the totd fertility rate reachesits ultimate values in 2021. Once they reach their ultimate
vauesthereisnot only alack of an inter-relationship between them and other important
variables, but dso acomplete lack of movement in the variable. While forecasting asingle
variable and holding it constant may provide reasonable bounds, it does not provide useful
information to the policy maker about possible policy changes.

Endogenizing Fertility
Figure 10-1 showsthe higtory of the totdl fertility rate, TFR, from 1917 to 1995 and

two projections of TFR from 1995 to 2050. The two projections are the SSA Intermediate, or
best estimate, of the TFR and the DPM simulated projection using the SSA Intermediate

economic projections as a driver of the model.
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Figure 10-1 Totd Fertility Rate History and Intermediate Assumptions 1917-2050
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There are anumber of interesting things about the figure. First, between 1917 and
roughly 1970 the lowest TFR, 2.15, occurred in 1936. After 1970, however, the TFR dropped
to 1.7 children per woman in the childbearing ages, and has remained below any level seen prior
to that time. Second, both forecasts have a dight downward trend from the level seen inthe
1990's, continuing the low TFR relative to the historical TFR. Findly, the DPM forecast Sarts
out a adightly higher level than the SSA forecast, but ends up at alower level. The SSA
forecast reaches its ultimate leve in the year 2021 and remainsflat at that leve throughout the
rest of the forecast. The DPM forecast, however, continues the downward trend. The DPM
forecast in the year 2050 is roughly equivalent to the low level that was reached in 1976. The
reason for the continued decline in TFR between 2020 and 2050 is that the real wage index
(see Table 10-1) continuesto grow from 1.2 to 1.57. A primary avenue of economic effects on

fertility is through the wage rate. Another avenue of economic effects is from male labor force
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participation. Mde labor force participation of 20-64 year olds is declining dightly from 84% in

2020 to 83% in 2050, see Table 10-1 Intermediate dternative.

The Intermediate DPM forecast continues its downward trend past the 2021 SSA levd.
Consequently, one concern isthat the DPM Intermediate projection actualy goes outside of the
SSA bounds. Figure 10-2 shows the three SSA aternative estimates and the DPM
Intermediate forecast. Except for theinitid couple of yearsthe SSA bounds aso bound the

DPM Intermediate forecast.

Figure 10-2 Totd Fertility Rates for SSA Alternatives and DPM 1
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Findly, just asthe DPM Intermediate forecast might go outside the SSA bounds, DPM
dternatives | and Il might go outside of the SSA bounds. In order to seethe leve of variancein
the same graph, Figure 10-3 showsthe DPM dternatives|, 11, and |11 and the three SSA
dternatives, where the DPM dternatives have been adjusted so that DPM 1l isthe same as
SSA 1. Thus DPM | has had the same congtant term adjustment in order to make DPM 11 the

same as SSA 1. There are two interesting festures of the figure. First, both of the DPM
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dternatives made using the SSA estimates of economic variables fdl ingde of the SSA
boundaries. Second, using the SSA Low cost economic data results in lower fertility than the
Intermediate, and using the SSA High cost economic data resultsin higher fertility. Thuswhile
SSA | assumes ahigh levd of fertility, the projected economy under the Low cost scenario
resultsin alow levd of fertility, and vice versa. Thisis precisaly because the Low cost scenario
has a higher red wage. The boundaries chosen by SSA are indeed overly optimigtic and overly

pessimistic boundaries.

The Board of Trustees Report andyses the sengtivity of the actuaria balances with
respect to fertility assumptions. They argue that for every 0.1 increase in the TFR the long-range
actuarid balances will increase by about 0.12 percent of taxable payroll [Board of Trustees,
Federd Old-Age and Survivors Insurance Trust funds (1997) p.135]. Thus, the increasein
TFR asaresult of usng the economic assumptions from the High cost (Low cost) scenario isto
increase (decrease) the actuariad baance by half a percent. This andyss verifies the use of SSA

dterndives | and 111 as extreme outside limits on the set of possible outcomes.
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Figure 10-3 Totd Fertility Rates for SSA Alternativesand DPM | and 11
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Endogenizing Labor Force Participation
The second set of Smulations uses the SSA economic estimates for the three

dternaives and the SSA fertility rates. Interestingly, there is very little movement in the SSA
assumptions about participation rates. The participation rates for men and women do not move
very much with the different dternatives. Table 10-1 showed the SSA estimates for the
participation rates of men and women between the ages of 20 and 64. In the year 2050 thereis
a 1-percentage point difference between the Low cost scenario and the Intermediate scenario
for men. Women aso had dight differences in the participation rate with the Low cost scenario,
with, for example, 2 percentage points more participation in the Low cost dternative and two

percentage points less in the High cost dternative.

The important aspect of the SSA estimates of participation is that they are not moving

very much. The DPM results usng the SSA economic estimates have even smdler differences
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than the SSA estimates. In point of fact, the three different DPM scenarios have very smilar
participation profiles. There are two exceptions. The participation profiles for men between the
age of 61 and 65 and women between the ages of 20 and 35 have digtinctly different
participation profiles depending on which dternative is used. Figure 10-4 shows the labor force
participation rates for men age 61-65 and women age 20-35 for the three different DPM
dternatives. The darker lines are the participation rates for women and the shaded lines are for
the men. For both the men and women dternative | is represented as the smal dotted line,
dternative Il is represented by the thin solid line, and dternative 111 is represented by the heavy
broken line. Alternative |, the Low cost scenario, have lower participation for both of these

groups of people. Smilarly, dternative |11 has higher participation for both of these groups of

people.

Even if thereis very little difference between the participation profiles, this pattern of
lower participation in the Low cost scenario and higher participation in the High cost scenariois
true for dl of the participation rates, men age 16-90 and women age 16-90. The SSA estimates
have participation rates actudly going in the other direction for the different scenarios, the Low
cod dternative has higher participation. Like the fertility andysis, the participation analysis

suggests that the economics will tend to pull the results back to the Intermediate solution.
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Figure 10-4 Labor Force Participation Rates for Women 20-35 Y ears Old, and Men 61-65
Years Old
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Endogenizing both Fertility and Labor Force Participation
The find set of Smulations endogenized both the fertility and participation decisons.

Thissmulation alows participation to play arole in the decison that individuas make about
fertility and vice versa. The lesson learned in the previous sections suggests thet by dlowing for
more smultaneous behavior the results should show less variation and tend toward the
Intermediate results. Indeed this is exactly what happens, athough to a more limited extent than
expected. Thetotd fertility rate does not change from the results in the firgt set of smulations,
and for the most part, participation rates remained the same as in the second set of smulations.
The mgor difference occurred for participation of 20-35 year old women. By endogenizing
fertility, the variation in participation rates of women between the age of 20 and 35 (typicaly
years asociated with high fertility rates (see Figure 9-1)) is reduced. The participation rates for

these women are essentidly identicdl.
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Conclusion
This chapter has shown that there are important rel ationships between economic

variables and the fertility and participation rates. Changes in the economy can influence the
population by increasing or decreasing fertility. The SSA estimates are shown to have
reasonable bounds on the sat of outcomes. However, they also fail to alow reasonable
interactions between the variables. From a policy perspective, any attempt to change the future
outcome of the OASDI Trust funds will rely on changing some policy variable like tax rates or
retirement ages. However, how the economy and individuas will react to these changes can
only be andyzed in afully endogenous system. Thus, if these palicies are implemented without

fully understanding the relationships between the variables, the policy may fail.
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Chapter 11 Policy Smulations and Evaluations
In this chapter the DPM modd is combined with the LIFT mode in order to evaluate

two palicies: (1) changing the Socid Security retirement age, and (2) the introduction of the

Child Tax Credit enacted in 1997.

The chapter is organized in the following manner. Firg the Base results from combining
the DPM and LIFT models are presented. Second, the effects of changing the age of full
eigibility for Old Age and Survivors Insurance (OASI) from age 67 in 2025 to age 67 in 2014
are investigated. Results from a smulation where the federd surplusis alowed to increase and
one where the federd surplus relative to GNP is held at the Base levels are presented. Third,
the effects of the $500 Child Tax Credit passed in August of 1997 are shown to increase the
fertility rate and the population. Like the anadysis for the retirement section, a smulaion where
the surplusis dlowed to grow is compared with a smulation where the surplusis held a the
Base levdl. An dternative assumption about the effect of the $500 Child Tax Credit on fertility is

also presented.

Introduction and Base For ecast
The previous chapter compared smulation results from DPM with the SSA estimates of

population and the economy. The compatibility of the SSA economic estimates with their
demographic estimates was andyzed. Thus the results were, of necessty, partid equilibrium, in
the sense that the economy was not alowed to adjust. The SSA forecasts were found to

provide sufficient bounds over the possible outcomes for the economy. However, the

164



economics of the forecasts suggested that key demographic variables might actudly movein the
opposite directions from those assumed by the SSA, suggesting that the SSA economic and
demographic forecasts are not compatible. In this section, two policies and their impact on the
economy and the population are andyzed. This chapter generalizes the previous chapter by

providing generd equilibrium results.

Both policy analyses start from the Base forecast and iterate between the LIFT model
and the DPM modd until the two converge. In practice the models converge between two and
four iterations. Table 11-1 shows historical and Base forecast population levels and the
determinants of population. The forecast uses the life expectancy or age-specific survivd rates
and immigration assumptions from the Census Bureau middle series, see Day (1996). The
table shows some interesting patterns in the history and the forecast. Firgt the population growth
rate continues its downward trend from 1.7 in 1960 to 0.3 in the forecast. The main
determinants of the decrease in population growth rate are an assumed congtant level of
immigration at 8.8 million persons every decade, a decreasing fertility rate, and only dightly
increasing surviva rates. The assumed immigration level of 8.8 million persons every decadeis
the same as the number of immigrants in the decade ending in 1910. In the decade ending in
1910, unlike the decade ending in 2000, 53% of the increase in the population is associated
with immigration. In the Base projection the population is 362 million in 2050, with 8.8 million
immigrants in the decade ending in 2050. In contrast to immigration at the turn of the century,
immigration makes up 77% of the increase in populaion. Thisis primarily because fertility is

down substantialy in 2050 compared to the turn of the 20th century.
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The increases in life expectancies witnessed over the last century continue in the forecast
from alife expectancy of 72 yearsfor men and 79 years for women in 1990, to 80 for men and
85 for women in 2050. The increasing life expectancy combined with a decreasing total fertility
rate, from just over 2 children per woman to 1.9 children per woman in 2050, means that the
population is increesingly dominated by the ederly. Immigrants dso increasingly dominate the

population

The Base population projections are within the bounds of both the SSA and the Census
Bureau population projections. The intermediate SSA projections, Bell (1997), also predict a
population of 362 million persons in 2050.°* The Census Bureau projections, Day (1996),
predict 394 million personsin 2050, and have high and low projections of 282 million and 519

million persons.

® The Sociad Security Area projections include civilian residents in Puerto Rico, the Virgin
Idands, Guam, American Samoa, Pdau, the Northern Mariana Idands, the armed forces and
their dependents overseas, Federa civilian employees and their dependents overseas, and
other citizens overseas. Thusthel Eﬁopul ation areaislarger than those of ether the Census
Bureau projections or DPM, which predict the resident population. The SSA aso adjusts for
the Census undercount, and has adightly higher level of immigration then ether the Census
projections or DPM. The Census and DPM projections have dightly greater reductionsin
mortality than the SSA intermediate projections, in 2050 SSA life expectancy at birth for men
is 77.5 and for women 82.9. Consequently, while the Base DPM projection resultsin the
ag;%ne population in 2050 as the SSA intermediate projections, the paths of the projections are

ifferent.
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Table 11-1 Population History and Base Projections™

Population Total Life Expectancy Immigration

Year Millions Annual Fertility Male Femde Decade % Pop
Growth Rate] Sum Increase

1850 232 171
1860 314 30 26 317
1870 386 20 232 322
1880 50.2 26 281 24.2
1890 62.5 22 5.25 42.7
1900 75.8 19 46.3 48.3 3.69 27.7
1910 R4 20 484 518 880 530
1920 106.5 14 3263 53.6 54.6 5.74 40.7
1930 1231 15 2533 58.1 61.6 411 24.7
1940 1321 0.7 2229 60.8 65.2 053 59
1950 152.3 14 3090 65.6 711 104 5.1
1960 180.7 17 3650 66.6 731 252 89
1970 2051 13 2480 67.1 74.8 3.32 136
1980 2277 10 1840, 70.0 774 4.49 211
1990 2499 0.9 2081 718 78.8 734 331
2000 275.0 10 2046 730 79.8 9.86 39.3
2010 296.9 08 2006 74.1 80.7 880 40.2
2020 3180 0.7 1975 754 816 880 414
2030 3364 0.6 1955 76.7 825 8.80 480
2040 350.6 04 1923 782 835 8.80 61.7
2050 362.1 0.3 1883 79.8 84.7 8.80 770

The effectsincreased surviva rates and decreased fertility have on the age distribution
of the population can be seen in Figure 11-1. The figure clearly shows thet the elderly will
increasingly dominate the population. The percentage of the population age 65 and older
increases from under 10% in 1950 to just over 20% in 2050. Meanwhile the percentage of the
population under the age of 20 declines from its peak of nearly 40% in the late 1960's to 24%

in 2050. Findly, the percentage of the population between the age of 20 and 64 (those typicaly

%2 The historical portion of the table is taken from Dowd, Monaco, and Janoska (1998). Total
Fertility isthe fertility that is prevaent at that date in time for women and so does not
represent the fertility that any one-age cohort would be expected to have. The decade sum for
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associated with strong labor force attachment) reaches a peak of 60% in 2010 and then dowly

declines and tabilizes to roughly 54% in 2030.

Figure 11-1 Percentage of Population: less than 20, between 20 and 64, and 65 and older
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As one might suppose, these projections of the changes in the population have
important impacts on the economy. Dowd, Monaco, and Janoska (1998) show that the
changes in the age digtribution, absent the population increases, have important impacts on the

digtribution of output, jobs, and the productivity of the economy.

The dternative policy smulations that are investigated in this chapter show the changes
in the population and the economy that result from implementing two different policies that have
their primary effect on either the fertility rate or labor force participation rates. The chapter

therefore concentrates on showing deviations in economic and popul ation varigbles from their

immigration is in millions and the percent of the population increase representsthe increase in
populetion atributable to immigration.
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1. The are

Base vdues. Neverthdess, abrief description of the Base economic forecast is usefu
anumber of important features of the Base economic forecast. Firs, the federal government
increases persond taxes and FICA taxes and holds spending in real terms congtant, so that
thereis an increasing surplus. Second unemployment rates are roughly consistent with the SSA
middle series estimates of 6%. GDP garts out growing dowly at 0.8% over the period from

1996 to 2000 and ends by growing at 1.2% between 2030 and 2050. Hourly compensation

congstently grows faster than prices, leading to higher levels of rea wages.

%% See gppendix B for detailed tables of the Base economic and demographic forecast.
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Table 11-2 Base Economic Forecast Summary Table

Growth Rates % 1996- 20000 2010- 2015 20200 2030- 2040

2000 2010 2015 2020 2030 2040 2050
Potential GNP 14 17 16 14 13 13 13
Gross Domestic Product 038 17 15 13 13 12 12

Components
Personal consumption 0.3 11 13 11 13 13 13
Fixed investment 21 33 24 23 23 20 20
Exports 25 34 24 17 10 0.8 0.7
Imports 17 25 19 14 15 16 17
Federal government 0.0 0.0 0.0 0.0 0.0 0.0 0.0
State & local gov. 15 12 0.6 0.7 0.7 06 05
Price Level and Inflation Indicators
GNP deflator 23 30 30 32 31 30 30
PCE deflator 28 34 33 35 33 31 30
Avg Hourly compensation 34 37 39 40 39 38 38
Private Labor Productivity 0.9 11 10 11 10 10 10
M2 38 42 44 42 41 4.0 40
Real disposableincome -01 13 14 11 13 13 13
Federal surplus 0.0 74 6.2 6.5 45 26 37
Employment Indicators
Total jobs 01 038 05 03 04 03 0.2
Labor force 0.3 08 05 0.3 0.3 03 0.3
Actud Levels

2000 2010 2015 2020 2030 2040 2050
Unemployment rate, % 52 6.1 59 6.0 58 5.9 6.0
Three month T-bills, % 44 5.6 57 58 58 59 59
Exchange rate US$/Foreign 10 10 11 11 11 12 12
Savings rate, pct 29 43 44 44 45 45 40
Ratio Surplusto GNP 0.9 12 13 14 14 12 12
Population, total (in millions) 2750 2969 3076 3180 3364 K06 3620
Total Fertility Rate 20463 20064 19972 19751 19546 19233 18833
Working Age Population (16-85) 2035 2229 2323 2410 2551 2636 2703
Civilian Labor Force (millions) 1355 1467 1502 1525 1577 1625 166.7

Labor Force Participation Rates

Teenagers, 16-19 484 476 417 475 475 472 46.9
Men, 20-64 86.3 84.6 84.0 836 845 84.2 835
Women, 20-64 70.7 69.6 69.3 69.4 705 70.3 69.8
Men, 65-84 177 203 213 218 221 204 20.8
Women, 65-84 8.6 105 114 118 126 114 119

Retirement Eligibility Smulations
The Base forecast implements the legidated increasesin the full digibility retirement ages

from age 65 in 2002 to age 66 in 2008 and from age 66 in 2019 to age 67 in 2025. These
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changes are implemented in the following manner. Firg the population of 65-year-old digible
Old Age and Survivors Insurance (OASI) recipientsis decreased by 1/6 each year between
2002 and 2008. Similarly, the population of digible 66-year-oldsis decreased by 1/6 each year
between 2019 and 2025. Second, the caculated participation rates of 66-year-oldsin 2008 are
assumed to be like the participation rates of 65-year-olds, and the participation of 65-year-olds
is assumed to be like those of 64 year olds. In other words participation rates are caculated for
65 year olds and then the participation rates for 66 year olds are set to be what the participation
would be for 65 year olds absent the legidated increases. A smilar procedure isimplemented in
2025 s that the participation rates of 67-year-olds in 2025 are assumed to be like those of 65
year oldsin the absence of the legidated changesin digibility. In the trangtion years, the
participation rates are moved by 1/6 towards the final age participation; the participation of 66
year oldsin 2002 is the participation of 66 year olds, participation of 66 year oldsin 2003 is
equd to 5/6 the participation of 66 year olds and 1/6 the participation of 65 year olds, and 0
on. Thus the equations for the participation rates of these age groups are becoming the
equations of younger ages, leading to increasing participation for these age groups. Table 11-2
shows that the participation rates for women 65-84 years old increases from 8.6% in 2000 to
11.9% in 2050. Similarly, the participation rates for men 65-84 years old increases from 17.7%

in 2000 to 20.8% in 2050.

Thisresearch investigates the effect of moving the full digibility satus of the OAS
programs from age 66 in 2014 to age 67 in 2014 and thereafter (RET67 dternative). In essence

the increasesin digibility age in the Base are moved 11 years earlier. This makes the trangtion
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period a continuous trangition from 65 years of age for full eigibility in 2002 to 67 years of age
in 2014. Theincreases in the age for full digibility were initidly implemented in order to help the
solvency of the OASDI trust funds. The SSA predicts that the trust funds will become insolvent
sometime during the decade ending in 2030.** The SSA does not assume that participation will
increase as aresult of the increased age a which individuas become digible. The research
presented here implicitly assumes that the individuas will increase thair participation so thet 67-
year-oldsin 2014 will look like 65 year olds in the absence of a change. These are the two
extreme points on the possible set of outcomes, one can imagine an infinite set of outcomes for
the participation rates of those gpproaching their retirement years. The difficulty with
implementing thisis that there has never been an increase in the digibility age and therefore there
isno empirical evidence on the reections of individuas. Neverthdess, assuming no changein the

participation rates yet reducing the cost of the program is untenagble.

Table 11-3 shows effects of the change in the digibility age on the economy. The table
shows the increase in participation of men and women 65-84 years of age. The largest increase
occurs in 2015 with a 2.3 percentage point increase in the participation of mae and femae 65-
84 year olds. The effect on participation rates of moving the increase in digibility age to the year
2014 is gone by the year 2030. However, it does not disappear from the economy. While the
increase in participation rates peaked in 2015, the increase in the leve of the economy does not

pesk until 2050 when GDP is 0.7% larger than in the Base. Thisincrease in the Sze of the

% See Board of Trustees, Federal Old Age and Survivors Insurance and Disability Insurance
Trust Funds (1997).
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economy lags well behind the increase in potential GNP which peaksin 2015 at 0.7% larger
than the Base. Because potentid GNP grows faster than actuad GDP, the unemployment rate is
initidly higher than the Base but eventudly is lower than the Base. Another important result is
that the price level of consumer goods, the PCE deflator, is 1.3% higher in the dternative and
that average hourly compensation is up less than the increasesin prices, resulting in a decresse

in red wages.

Theimpetus for increasing the digibility age isto improve the outlook of the socid
insurance trust funds. The move to 2014 has awhopping effect. The federd surplus increases
by 27.2 percent in 2015 and by 23% in 2050. There are important feedback results of the
increase in the federa surplus. Firgt, the increase in the federal surplus puts downward pressure
on interest rates. The three-month T-hill is reduced by 10 bas's points in the years 2010 through
2030. The reductionsin the interest rate and the increases in inflation put upward pressure on
the exchange rate, up 4.3% in 2050. Theincreasesin the exchange rate (reductionsin the vaue
of the U.S. dollar) make U.S. products more competitive, resulting in increases in exports;

exports are up 2.6% in 2050.

Other interesting results are that the increase in the unemployment rate and the decrease

in the red vaue of wages negatively affect the participation rates of teenagers.
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Table 11-3 Macro-economic Summary for Retirement Age 67 in 2014 Smulation RET67

percentage deviations from Base 2010 2015 2020 2030 2040 2050
Potential GNP 0.0 0.3 0.7 0.3 0.3 04
Gross Domestic Product -01 0.0 0.6 04 05 0.7
Components
Personal consumption -0.2 -04 0.0 -04 -05 -0.6
Fixed investment 0.0 0.2 0.6 -01 -01 -01
Exports 01 04 13 19 22 26
Imports -0.3 -0.6 -0.8 -15 -1.8 -2.3
Price Level and Inflation Indicators
PCE deflator 01 0.2 04 0.6 10 13
Avg Hourly compensation 0.0 01 01 0.3 0.8 09
Private Labor Productivity 0.0 01 01 02 02 03
Exchange rate scalar 03 10 19 26 35 4.3
Real disposable income -04 -0.7 -0.2 -03 -03 -04
Federal surplus, bil $ 119 272 20.1 117 189 2238
Total jobs, mil 0.0 0.2 0.6 0.2 0.2 0.3
Labor force, mil 0.2 0.8 0.9 0.0 0.0 0.0
Deviations From Base
Ratio Surplusto GNP 01 04 0.3 0.2 0.2 0.2
Three month T-hills, % -0.1 -0.1 -0.1 01 01 0.0
Savingsrate, pct -01 -0.3 -01 01 0.2 0.2
Tota Fertility Rate -0.2 -03 -01 01 01 0.2
Unemployment rate, % 0.2 05 0.2 -01 -0.2 -0.2
Civilian Labor Force
Teenagers 16-19 -03 -0.9 -04 01 0.2 0.2
Men, 20-64 01 0.3 04 0.0 0.0 01
Women, 20-64 01 03 03 0.0 0.0 0.0
Men, 65-84 25 107 88 -01 0.0 0.0
Women, 65-84 52 20.3 182 04 -01 -01
Labor Force Participation Rates
Teenagers, 16-19 -0.1 -04 -0.2 01 01 01
Men, 20-64 01 0.2 0.3 0.0 0.0 01
Women, 20-64 01 0.2 0.2 0.0 01 0.0
Men, 65-84 05 23 19 0.0 0.0 0.0
Women, 65-84 0.6 23 21 01 0.0 0.0

Table 11-4 shows the percentage deviations from Base values of the federd
government recel pts and expenditures. Receipts are initidly down by 0.2 and 0.1 percent in
2010 and 2015, but then are up in 2020 and 2030 by 0.5%. At the same time that receipts are

down, tota expenditures are down by more than the reduction in receipts, resulting in an
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increase in the surplus.® While transfer payments to Old Age Beneficiaries is down 7%, the
lion's share of the reductionsisin net interest paid, down 50% in 2020. These positive effects
come at a cost. The increased unemployment results in increases in the number of recipients of

unemployment insurance; benefits are up by 14.3% in 2015.

% The base forecast projects the government becoming a net creditor by 2030. Thisis the result
of fixed federd spending and increasing taxes. Thus, the Sign reversd In net interest payments
reflects the changing position of the federd government from a net debtor to anet creditor.
Whilethisis unredigtic, we are interested in shock from base results.
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Table 11-4 Government Expenditures and Receipts, Retirement Age 67 in 2014 Simulation
RET67

percentage deviations from Base 2010 2015 2020 2030 2040 2050
RECEIPTS -0.2 -01 05 05 10 12
Personal tax and non-tax receipts -0.3 -05 0.2 03 0.7 10
Corporate profits tax -01 -05 -0.2 03 0.7 11
Indirect businesstax and nontax -01 0.2 0.8 0.7 11 14
Contributions for social insurance -01 0.2 0.8 0.6 12 14
EXPENDITURES -0.9 -1.8 -0.8 -0.2 01 0.2
Purchases of Goods and Services 0.0 0.2 03 05 09 11
National defense 0.0 0.2 03 05 10 12
Compensation of employees 0.0 01 01 03 08 09
Other 01 03 05 0.7 12 15
Nondefense 0.0 01 0.2 04 09 11
Compensation of employees 0.0 01 01 03 0.7 0.9
Other 0.0 01 0.2 05 10 12
Transfer Payments -14 -2.6 -05 05 0.9 12
To persons -14 -2.6 -0.5 05 09 12
Old age benefits -36 -7.0 21 0.6 10 13
Hospital & medical -01 01 0.6 0.6 10 14
Unemployment 56 14.3 6.6 -2.9 -35 -4.1]
Retirement: Fed civ & RR 0.0 0.2 04 0.6 10 13
Vet lifeinsur,workmen comp. 01 0.2 03 0.6 10 13
Military retirement 0.0 0.0 0.0 0.0 0.0 0.0

V eterans benefits 0.0 0.0 0.0 0.0 0.0 0.0
Food stamps 13 32 18 -0.8 -05 -04
Other 01 0.2 04 0.6 10 13
To foreigners 0.0 0.0 05 05 10 12
Grants-in-Aid to S&L Govt 0.0 01 0.2 0.2 04 0.6
Net Interest Paid 24  -118 493 396 238 220
Surplus or Deficit (), NIPA 119 272 201 117 189 22.8
Social insurance funds 41 9.8 6.5 34 43 4.2
Other funds 0.2 0.9 -0.3 0.0 -0.2 -1.3
Debt of Federal Government -1.3 94 407 43.6 242 226
Fed Spending, % of GDP -0.8 -1.9 -14 -0.8 -1.0 -1.1]
Fed Receipts, % of GDP -01 -0.2 -0.2 -01 -01 -0.1]

Fgure 11-2 shows the effect of changing the retirement age on the solvency ratio. The
solvency ratio is defined as the ratio of the fund to annua expenditures. Thus, increasing the
retirement age affects both the annuad expenditures and vaue of the fund. The figure showsthe

absolute vaue of the difference between the solvency ratio in the retirement dternative and the
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base forecadt. The increase in age of digibility has its most sgnificant impact in 2016 where the
solvency ratio isincreased by 1. In other words, in 2016 there is an increase in the Sze of the

fund relative to the amount paid out.

Figure 11-2 Change in Solvency Ratio under RET67%°
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Table 11-5 shows the percentage deviations in output for aggregate industries. The
sectors with the largest increases in output are mining, and non-durables and durables
manufacturing. Mining output is up 1.6% in 2050 and manufacturing is up 1.8% in 2050. Since
these three sectors are associated with high levels of exportsit is not surprising thet with the
higher levels of exports, under the aternative retirement age that we see these sectors growing

the fastest.

% The value of the OASDI trust funds is caculated assuming administrative costs are a constant
1% of benefits, and that net interest payments are distributed by the ratio of OASDI trust
fﬁgﬂ; to lto’ga trust funds. See Dowd and Monaco (1995) for amore detailed description of
t culdion.
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Table 11-5 Output by Aggregate Industry Retirement Age 67 in 2014 Smulation RET67

Percentage Deviations from Base 2010 2015 2020 2030 2040 2050
Total Output -0.1 01 0.7 0.6 0.7 0.9
Agriculture,forestry,fishery -0.1 -0.1 0.3 0.3 0.3 0.4
Mining -01 01 11 11 13 16
Construction -0.1 01 0.7 01 0.2 03
Nondurables manufacturing -0.1 01 10 11 14 18
Durables manufacturing 0.0 04 15 14 16 19
Transportation -0.1 0.0 0.7 05 0.6 0.7
Utilities -01 0.0 05 04 05 0.6
Trade -0.2 -01 04 01 01 01
Finance, insurance, real estate -0.2 -0.2 03 0.0 0.0 01
Services, nonmedical -0.2 -01 04 01 01 01
Medical Services -01 -0.2 0.2 0.2 0.6 11
Miscellaneous 0.2 04 0.2 -01 -01 0.0

These changes in the digtribution of output have an impact on the distribution of jobsin
the economy. Table 11-6 shows the percentage deviations from the Base levels of jobs by
aggregate industries. As expected, mining and the two manufacturing sectors have the largest

increasesin jobs.
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Table 11-6 Jobs by Aggregate Industry Retirement Age 67 in 2014 Smulation RET67

percentage deviations from Base 2010 2015 2020 2030 2040 2050
Civilianjobs 0.0 0.2 0.6 0.2 0.2 0.3
Private sector jobs 0.0 0.3 0.8 0.2 0.2 03
Agriculture, forestry, fishery 0.0 0.2 05 0.3 0.3 0.4
Mining 0.0 0.3 12 10 12 15
Construction 01 04 038 0.0 01 0.2
Nondurables manufacturing 0.0 0.2 0.9 10 11 14
Durables manufacturing 01 0.6 15 14 17 21
Transportation 0.0 03 10 05 0.6 0.7
Utilities -01 01 05 04 05 0.8
Trade -01 01 0.6 -0.2 -03 -03
Finance, insurance, real estate -0.1 0.0 0.6 01 01 0.2
Services, nonmedical 0.0 04 0.8 0.0 0.0 0.0
Medical services 0.0 0.3 05 01 0.6 11

The previous Smulation assumes that the policy makers are unconcerned with the
consequences on the federa surplus. An dternative assumption isthat the policy makers want to
hold the surplus congtant at the Base levels (RETCON). The next set of Tables show the results
of implementing a Surplus neutrd policy holding the surplus at the Base levels by decreasing the
overa| persond tax rate. Table 11-7 shows the results of this Smulation on the macro-
economy. The Ratio of the Surplusto GNP is set so that there is no change from the Base -
vaues of 0.0 and -0.1. The reduction in the surplus results in no difference in the interest rates
from the Base. Thisresultsin very little change in the exchange rate; in fact thereisa dight
decline in 2050, compared to the 4.3% increase in the RET67 smulation. Potential GNP is
roughly the same asin the RET67 dternative until about 2020, at which point the surplus neutral
dternative looks like the Base. Red disposable income under the RETCON simulation is up by
0.1% in 2050 compared to a 0.4% decline in the RET67 smulation. The dight increase in

disposable income results in a somewhat smaler labor force; the civilian labor force of men 20-
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64 isup 0.4% in the RET67 amulation compared with a 0.3% increase in the RETCON

damulation.
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Table 11-7 Macro-economic Summary for Surplus-Neutra Retirement Age 67 in 2014

Simulation RETCON
Percentage Deviations from Base 2010 2015 2020 2030 2040 2050
Potential GNP, bil 77% 00 0.3 0.6 01 0.0 0.0
Gross Domestic Product, bil 77$ 0.0 01 04 01 01 0.0
Components of GDP
Personal consumption -01 01 04 0.0 0.0 01
Fixed investment 01 0.2 04 -01 -01 -01
Exports 01 01 0.3 04 0.2 -01
Imports -01 0.0 01 -0.3 -01 0.2
Price Level and Inflation Indicators
PCE deflator (77=100) 0.0 01 0.0 0.0 0.0 0.0
Avg Hourly compensation 0.0 0.0 0.0 01 01 0.0
Private Labor Productivity 0.0 0.0 0.0 0.0 0.0 0.0
Exchange rate scalar 0.2 03 05 05 0.2 -0.3
Real disposableincome -01 -01 0.2 0.0 01 01
Federal surplus, bil $ 22 40 22 -2.2 -82 -123
Employment Indicators
Total jobs, mil 01 04 0.6 0.0 0.0 0.0
Labor force, mil 0.2 0.8 0.9 0.0 00 00
Deviations from Base Values
Three month T-bills, % 0.0 0.0 0.0 0.0 0.0 0.0
Savingsrate, pct 0.0 -01 -01 0.0 0.0 0.0
Ratio Surplusto GNP 0.0 0.0 0.0 0.0 -01 -01
Tota Fertility Rate -31 -6.9 -1.7 21 10 29
Unemployment rate, % 01 04 0.2 0.0 0.0 0.0
Civilian Labor Force
Teenagers, 16-19 0.0 -01 0.0 0.0 0.0 0.0
Men, 20-64 01 0.2 03 0.0 0.0 0.0
Women, 20-64 01 0.2 0.2 0.0 0.0 0.0
Men, 65-84 01 04 04 0.0 0.0 0.0
Women, 65-84 01 05 05 0.0 0.0 0.0
Labor Force Participation Rates
Teenagers, 16-19 -01 -04 -0.2 01 01 01
Men, 20-64 01 0.2 0.3 0.0 0.0 01
Women, 20-64 01 0.2 0.2 0.0 01 0.0
Men, 65-84 05 23 19 0.0 0.0 0.0
Women, 65-84 0.6 2.3 21 01 0.0 0.0

181




The effects on government expenditures and receipts are shown in Table 11-8. Total
receipts are down compared to both the Base and the RET67 dternative. While tota receipts
arelower in the RETCON, expenditures are very Smilar to the RET67 dterndtive. The one
important exception is that net interest paid is much flatter in the RETCON dternative than in
RET67. In RET67 there are substantia decreasesin the net interest paid by the federd
government in the early years of the forecast. Alternatively, the flat interest rate in RETCON
resultsin little change in the levd of net interest paid. Findly, and perhgps most importantly, the
reduced number of recipients for the OAS insurance results in increases in the trust funds. In

elther scenario, the trust funds are up by roughly 5% in 2050.
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Table 11-8 Government Expenditures and Recelpts Retirement Age 67 in 2014 Surplus Neutra
Smulaion

2010 2015 2020 2030 2040 2050

RECEIPTS -0.7 -1.3 -04 -01 -0.3 -0.3
Personal tax and non-tax receipts -19 -4.0 -19 -0.6 -12 -11
Corporate profits tax 0.0 -04 -04 -01 -01 -0.1
Indirect business tax and nontax 0.0 03 0.6 01 01 01
Contributions for social insurance 0.0 0.2 05 01 01 0.0
EXPENDITURES -0.8 -1.7 -0.6 0.0 01 0.2
Purchases of Goods and Services 0.0 0.0 0.0 01 01 0.0
National defense 0.0 0.0 0.0 01 01 0.0
Compensation of employees 0.0 0.0 0.0 0.0 01 0.0
Other 0.0 01 01 01 01 0.0
Nondefense 0.0 0.0 0.0 01 01 0.0
Compensation of employees 0.0 0.0 0.0 0.0 01 0.0
Other 0.0 0.0 0.0 01 0.0 0.0
Transfer Payments -14 -2.8 -0.8 0.0 0.0 0.0
To persons -15 -2.8 -0.8 0.1 0.0 0.0
Old age benefits -3.6 -71 -25 01 0.0 0.0
Hospital & medical 0.0 0.2 04 01 01 0.0
Unemployment 34 103 6.8 -03 -05 05
Retirement: Fed civ & RR 0.0 01 0.0 01 0.0 0.0
Vet lifeinsur,workmen comp. 0.0 01 0.0 01 0.0 0.0
Military retirement 0.0 0.0 0.0 0.0 0.0 0.0
Veterans benefits 0.0 0.0 0.0 0.0 0.0 0.0
Food stamps 10 29 23 -01 01 0.2
Other 0.0 01 0.0 01 0.0 0.0
To foreigners 0.0 0.0 0.2 -01 -01 -0.2
Grants-in-Aid to S& L Govt 0.0 0.0 0.0 0.0 0.0 0.0
Net Interest Paid -1.0 -24 -8.7 31 -1.8 -5.3
Interest paid -0.9 21 -6.3 37 -20 -55
To persons & business -0.9 21 -6.3 37 -20 -55
Toforeigners -0.9 21 -6.3 37 -20 -55
Interest received -0.1 -0.1 0.0 0.3 04 0.6
Subsidies less Current Surplus 0.0 01 0.0 0.0 0.0 01
Surplus or Deficit (-), NIPA 22 40 22 -22 -82 -123
Social insurance funds 51 119 17 40 48 5.7
Other funds 6.6 159 104 6.5 89 111
Debt of Federal Government -0.7 -1.9 -6.8 30 -25 -6.0
Fed Spending, % of GDP -0.8 -1.8 -1.0 -01 0.0 0.2
Fed Receipts, % of GDP -0.7 -15 -0.8 -0.2 -04 -04
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Aswe would expect, the very smd| changes in the economy in the RETCON simulation
combined with the flat exchange rate result in very little change in the distribution of output or
jobs. Table 11-9 and Table 11-10 show the percentage deviations from the Base vaues for
output and jobs, respectively. In contrast to the RET67 dternative, thereis very little changein
Totd output or its components. Smilarly, the lack of changesin the digtribution of output result
in very smdl changesin the didtribution of jobs.

Table 11-9 Output by Aggregate Industry Retirement Age 67 in 2014 Surplus Neutra
Smulation

percentage deviations from Base 2010 2015 2020 2030 2040 2050
Total Output 0.0 0.2 05 01 01 0.0
Agriculture forestry,fishery 0.0 0.0 0.2 01 01 0.0
Mining 0.0 0.2 05 0.2 0.2 -01
Construction 01 0.2 04 -01 0.0 -01
Nondurables manufacturing 0.0 0.2 05 0.2 0.2 -01
Durables manufacturing 01 03 0.6 0.2 01 -01
Transportation 0.0 01 05 01 01 0.0
Utilities 0.0 01 04 01 01 0.0
Trade 0.0 01 05 0.0 0.0 0.0
Finance, insurance, real estate 0.0 01 04 0.0 01 0.0
Services, nonmedical 0.0 0.2 05 01 01 0.0
Medical Services 0.0 0.0 0.2 -0.2 0.0 0.0
Miscellaneous 0.0 0.0 0.0 -0.2 -0.3 -0.2
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Table 11-10 Jobs by Aggregate Industry Retirement Age 67 in 2014 Surplus Neutra
Smulaion

Percentage Deviations from Base 2010 2015 2020 2030 2040 2050
Civilianjobs 01 04 0.6 0.0 0.0 0.0
Private sector jobs 01 05 0.8 0.0 0.0 0.0
Agriculture, forestry, fishery 01 0.3 04 01 01 0.0
Mining 01 03 0.6 0.2 01 -0.1
Construction 02 04 0.6 -0.1 -0.1 -0.1
Nondurables manufacturing 0.0 02 05 02 01 00
Durables manufacturing 01 04 0.7 03 01 -0.1
Transportation 01 05 0.8 01 0.1 0.0
Utilities 0.0 0.2 04 01 01 0.0
Trade 01 05 08 0.0 0.0 0.1
Finance, insurance, real estate 01 03 0.6 01 01 0.1
Services, nonmedical 01 0.6 0.9 0.0 0.0 0.0
Medical services 01 04 0.6 -0.2 0.0 0.0
Civilian Government 0.0 0.0 -01 0.0 0.0 0.0

In sum, the effect of moving forward the age 67 retirement igibility date to 2014 isto
increase the level of growth in the economy, and to either reduce interest rates or tax rates. The
effect on the digtribution of jobs is dependent on whether or not the policy is surplus/deficit
neutrd. If the policy is surplus-neutra it will raise digposable income by reducing taxes. If itis
not surplus-neutrd it will reduce interest rates, and increase exports. Findly, there are important
gains made in the solvency of the Socid Insurance Trugt Funds. In both RET67 smulation and
the RETCON smulation the Socid Insurance Trust Funds are better off with an digibility age of
67 in 2014. Specificdly, the trust fund solvency rates are increased by one year's worth of

expenditures in 2016.

$500 Child Tax Credit
The previous section explored the effects of a policy change aimed at |abor force

participation of personsin their 60's. This section will explore the effect of a policy that hasits
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first impact on fertility. In August 1997, the U.S. Congress passed H.R. 2014, “Revenue
Reconciliaion Act of 1997”%’. The tax revison had an important family tax relief section. The
tax relief isaimed a families with children and provides a non-refundable tax credit in the
amount of $500 for each child under the age of 13 in 1997, and under the age of 18 for 1998
and &fter. The credit isavailable to dl taxpayers with a dependent child who are married filing
jointly and have income less than $110,000. Alternatively, if they are Sngle they must have a
dependent child and income less than $75,000. Chapter 3 claimed that the $500 Child Tax
Credit using the smallest estimated dadticity for EITC, those from the pooled estimates, would
result in a10% incresse in fertility if parents reacted to the Child Tax Credit in agmilar manner.
This section explores the effects of the $500 Child Tax Credit using DPM in agenerd
equilibrium modd. The modd uses the parameter estimates from the 1990 full estimate of the
effect of the Earned Income Tax Credit on fertility Table 9-6; eadticity of 0.027 compared with

0.014.

As previoudy shown in chapter 3, the Earned Income Tax Credit (EITC) has a postive
effect on the probability of observing abirth. Briefly, the EITC is arefundable credit to working
parents. Because the credit is only available for persons with a child (this was the law until
1993) the credit acts like a subsidy to the cost of having a child. Smilarly, as a prerequisite to
receive the $500 child credit isthat achild must be present in the home. This andyss explores

the effects of the $500 Child Tax Credit (CTC) on fertility and the economy.

%" See U.S. Congress, 105-1, H.R. 2014, August 1997.
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The andys's garts from the assumption that the effects of the CTC on fertility will be
smilar to those of the EITC. The EITC and the CTC both require the presence of achild, and
taxpayers must file atax return in order to recelve either credit. The EITC is refundable and
targeted at the working poor, while the CTC is non-refundable and avallable to dmogt all
taxpayers with children - in 1990 90% of dl children were living in households that had incomes
below the (1997 $) income cutoff.®® Thus, while the EITC and the CTC have differences, they
are dike in one important feature, they both make adirect link between the number of
dependents and the value of the credit. It isimportant to illuminate the differences. Compared to
the EITC, the CTC has alarger and wedthier digible population, the CTC isasmdler dollar
vaue than the maximum amount of the EITC, and findly the CTC is non-refundable. These
differences suggest that the effect of the CTC will be different from that of the EITC.
Nevertheless, the CTC acts as a subsdy to the cost of having a child, and therefore, should

incresse fertility.®

In order to implement the policy in DPM, first the vaue of the credit, $500, was
reduced by 10% to reflect the fact that 10% of the children are not digible. Second, the vaue of
the credit is deflated to 1989 dallars; the estimation and model equations are al in 1989 dallars.

Third, the value of the credit is multiplied by the parameter estimate for EITC, 0.000622. The

% The income cutoff levels were deflated to 1990 dollars, and then a gross comparison of the
total number of children in the IPUMS 1990 sample compared with those below the income
cutoff was used to cdculate the 90% child digibility.

% |t isworthwhile noting that while the CTC should have an impact on fertility from atheoretical
perspective, it may very well not. Recdl the and?/sis of the value of state tax exemptionsin
er 3, the vdue of state tax exemptions should have a pogitive effect on fertility, which
showed that there was no effect. Additionaly, the EITC transfers a consderable sum of
money in percentage terms to the beneficiaries. The effect that the CTC will have on wedthier
persons is debatable.
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resulting value is added into the Logit equation to come up with the new fertility rate. Fourth, the
increase in income associ ated with the credit could have an impact on participation decisions.
Therefore, the average number of children multiplied by the vaue of the credit in thousands of
dollars and the parameter on income for participation is added to the participation equation; the
equation for women is (number of children)* ($347.66)/1000)* (-0.00664). Findly, the modd is
run with the policy having an impact on fertility starting in 1998, and participation Sarting in
1997. Since the CTC was passed in August of 1997 and there is a 9-month gestation period,
fertility for 1997 is unaffected. Fertility for 1998 however, can be affected starting around July.
Therefore, for 1998 the effect is haf of the effect that would be seen if the CTC were passed in
March of 1997. Findly, in order to reduce government receipts, the value of the credit relative

to persona incomeis used to reduce the amount of persond taxes paid.

Figure 11-3 shows the resulting age specific fertility ratesin the CTC smulation
compared to the Base. Under both the Base and the CTC smulations the fertility ratesin 2050
have smilar appearances. They both have a double pesk, one occurring in the early 20's and
the other occurring in the late 20°'s. The increase resulting from the CTC is most noticegble in

the early 20" s where the age-specific fertility rates climb above 12%.

188



Figure 11-3 Age Specific Fertility Ratesin 2050 for the Base and the $500 Child Credit
Forecast

Age Specific Fertility Ratesin 2050
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Table 11-11 shows asummary of the population that results from the generd
equilibrium smulation of the CTC. As can be seen in Figure 11-3 aove, the Tota Fertility Rate
(TFR) increases subgtantidly. At the turn of the century the TFR increase dueto the CTC is
22%. The increase dowly increases over the forecast period until 2050 where the TFR is 23%
greater as aresult of the CTC. These increases are well above the prediction in chapter 3 of a
10% increase in fertility. Thisis primarily because the prediction in chapter 3 used a parameter
estimate with half of the eadticity of those used in the DPM mode. Neverthdess, the 23%
increase in fertility in 2050 is very large. The difference between the SSA low cost TFR and the
intermediate TFR is 16%, while the difference between the low cost and the high cost is 32%.

The Census Bureau projections for TFR assume an intermediate level of 2245 with alow and
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high projection 15% different from the intermediate.” While these projections are not redlly
comparable to the genera equilibrium results obtained with DPM from the CTC, they do

provide some information about the variability in fertility projections.

Theincreasesin fertility have predictable effects on the population. Population is up
0.8% in 2000, and 23% in 2050. The increases are initialy only in the younger population but
then as the population ages, they filter into the older age groups until in 2050 the number of 50-
64 year oldsis up by 3.1%. The effect of the CTC becomes exponentia in 2015 as the number
of women in their childbearing ages increases. This compounding of the effects resultsin an
increase of 58% in the population of 0-4 year olds in 2050. Thus there are large changesin the
age didribution of the population. One immediate impact this hasis that the percentage of the
population in their working age years, aged 16-85, increases by 15.4% in 2050. Theincreaseis

obvioudy centered more on the younger workers.

© See Bell (1997) and Day (1996).
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Table 11-11 Population and Labor Force Summary for $500 Child Tax Credit Smulation
(CTC)

Percentage Deviationsfrom Base Values 2000 2010 2015 2020 2030 2040 2050
Total Fertility Rate 219 219 221 26 228 226 231
Population, total (in millions) 0.8 36 49 6.5 106 156 214
0-4 years 106 218 218 26.4 394 479 57.8
5-14 years 0.0 165 219 212 291 40.9 48.8
15-19years 00 00 101 220 20.6 315 419
20-29 years 00 00 00 48 204 220 333
30-39 years 00 00 00 00 4.6 195 210
40-49 years 00 00 00 00 00 45 190
50-64 years 00 00 00 00 00 00 31
65-74 years 00 00 00 00 00 00 0gQ
75-84 years 00 00 00 00 00 00 0gQ
85-100 years 00 00 00 00 00 00 0gQ
Working Age (16-85) 00 00 05 23 55 9.6 154
Civilian Labor Force (millions) -05 -0.7 -0.3 15 5.6 109 181
Teenagers 16-19 -05 -06 51 23 19.0 20.1 389
Men, 20-64 01 01 03 14 6.3 117 19.3
Women, 20-64 -1.2 -17 -1.6 -0.7 41 9.3 16.8
Men, 65-84 -0.7 -04 -0.5 -0.6 -0.6 -0.2 -08
Women, 65-84 -05 -04 -0.7 -0.2 -05 -05 -05
Deviations from Base Values
Labor Force Participation Rates
Teenagers, 16-19 -0.2 -0.3 -0.9 00 -05 -0.6 -0.
Men, 20-64 01 01 03 0.2 03 0.6 0.
Women, 20-64 -0.9 -11 -1.1 -1.2 -1.0 -0.7 -0.
Men, 65-84 -01 -01 -01 -01 -01 -01 -0.
Women, 65-84 00 00 -01 00 -01 -01 -0.

The table dso shows how changes in fertility and the economy have an impact on labor
force participation. Participation of teenagers tends to be down. The participation of men
between the age of 20 and 64 tends to be up, while that of women in the same age group tends
to be down. One can surmise that the women are reducing their participation as aresult of the
increased demands on their time a home, while the men are increasing their participation asa

result of the increases in the number of children, see Table 4-8.
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These large effects on the population have important impacts on the economy. Theinitia
decrease in the labor force participation of women should result in alower unemployment rate.
The increase in the number of children should dso effect not only the mothers labor force
participation but aso increase spending by governments for schools and goods associated with
children. Table 11-12 shows a summary table of macro-economic effects of the CTC and the
population changes associated with it. As expected the unemployment rate isinitidly flat before
it declinesin 2015 and 2020. State and local government spending is up by 18% in 2050. Since
most education spending is concentrated at the state and local leve it is naturd that we see these

increases in spending.

The population changes aso have important impacts on other economic indicators. In
the early years potentid GNP initidly declines with the reductionsin the labor force but by 2015
it begins an impressive increase from a 1% increase over the Base to a 19% increase over the
Base in 2050. These increasesin potential GNP are the result of increases in the labor force
from adight decline of 0.3% in 2015 to an 18% increase in 2050. GDP, like potential GNP,
has a 1% increase over the Basein 2015 and a 17.5% increase over the Base in 2050. The
large increases in the population are also reflected in increases in persona consumption.
Persond consumption is up by amost 1% in 2015 and by over 12% in 2050. Thusthe CTC
resultsin an increase in the population which initidly lowers potential GNP through reductionsin
the labor force and then, as the new workers become working age, increases potential GNP

and actua GDP.
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One of the reasons that persona consumption does not increase as dramaticdly as
GDP isthat the federd government is sphoning off afantagticdly large surplus. The federd
aurplus, dthough initidly lower, increases 265% over the Base in 2050! There are two reasons
for the enormous increases in the federd surplus. Firgt the larger population and its larger 1abor
force results in ever increasing tax revenues while federal government spending increases more
dowly. Second, the increases in the federa surpluses reduce interest rates and consequently the
net interest payments on outstanding debt. Interest rates are down -1.1 percentage pointsin
2050. Thus the federal government is taking a more substantia portion of the increased activity
in the economy, resulting in disposable income and persond consumption increasing more

dowly than the economy.

The large reductions of interest rates also have a negative impact on the vaue of the
dollar and a pogitive impact on the exchange rate, with their consequent effects on exports and
imports. Asthe U.S. interest rate declines, the dollar becomes less attractive to foreigners. As
the dollar becomes less attractive to foreigners, the exchange rate measured asthe U.S. dollar
to foreign currency increases. The lower value of the dollar increases the competitiveness of
U.S. products overseas and leads to increased exports. Conversely, as the U.S. dollar becomes
less vauable, foreign goods become more expensive and there is a consequent reduction in
imports. Thusthe large federd surplus acts to siphon activity away from consumer expenditure

and towards exports.

Another interesting implication of the CTC smulation is that in 2050 the red vaue of

hourly compensation is down by 1.7%, combined with a 2.08% increase in the PCE deflator,
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results in a0.38% decline in average hourly compensation. Thisis the result of an increase in the
sze of the labor force and its consequent increase in the unemployment rate of 1 percentage
point in 2050. The increased availability of labor in 2050 dlows employersto pay less than they

had to with asmaller [abor pooal in the Base.

194



Table 11-12 Macro-economic Summary for $500 Child Tax Credit Smulation

Percentage Deviations from Base 2000 2010 2015 2020 2030 2040 2050
Potential GNP -0.05 0.06 0.95 2.80 636 1174 1893
Gross Domestic Product -0.06 -0.04 1.00 275 585 1086 1748
Components

Personal consumption 0.08 0.25 0.86 239 497 842 1244

Fixed investment -051 -190 -069 058 208 4.89 8.02

Exports 0.00 0.46 1.09 2.28 537 1125 2092

Imports 0.01 -065  -063 -048  -127 314  -6.73

State & local gov. 0.00 011 2.28 5.26 849 1342 1802

Price Level and Inflation Indicators

PCE deflator -0.08 0.37 0.53 044 0.74 124 208

Avg Hourly compensation 0.10 013 013 -0.19 -0.29 -045 -0.38

Exchange rate -US$/Foreign Currency 0.0 -0.2 11 21 28 76 16.2

Private Labor Productivity 0.07 0.06 0.13 0.02 0.01 0.23 0.74]

Labor force, mil -0.52 -0.70 -0.30 149 563 1090 18.05

Real disposableincome 0.06 -0.01 0.69 205 4.08 6.98 1028
Federal surplus -4.99 -6.27 968 3064 6720 15423 26464

Deviations from Base Vaues
Unemployment Rate 0.0 01 -03 -05 01 03 09
Three month T-bills, % 0.0 -01 -03 -0.3 -05 -0.8 -1.1]
Savings rate, pct 0.0 -01 0.0 -0.2 -06 -1.0 -1.4
Ratio Surplusto GNP 0.0 -01 01 04 038 16 25
Deviations from Base Growth Rates

%00 0010 1015 1520 2030 3040 4050

Potential GNP 0.0 0.0 0.2 04 03 05 0.6
GDP 0.0 00 0.2 0.3 03 05 0.6
M2 Growth Rate 0.0 0.0 01 04 03 05 06
PCE deflator (1977 = 100) 0.0 00 0.0 0.0 0.0 0.0 0.4
Private Labor Productivity 0.0 0.0 0.0 0.0 0.0 0.0 0.1
Tota Jobs (millions) -01 00 0.2 04 03 05 0.6
Labor Force (millions) -01 0.0 01 04 04 05 0.6

The CTC smulation changes the age distribution of the population. Dowd, Monaco,
and Janoska (1998) show that the aging of the baby boomers and its consequent change in the
age digtribution of the population has important impacts on the industrial composition of the
economy. They show that the economy will have lower productivity and be more concentrated

in the service sectors than if there were no aging. The CTC smulation presents a different type
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of problem to the economy than the one anayzed by Dowd, Monaco, and Janoska (1998).
Specificdly, the age digtribution of the population is now weighted consderably more towards
the young than in the Base. Like the andysis of Dowd et d the next set of tables exploresthe
changes in industrial composition as aresult of the changes to the population age distribution

fromthe CTC.

Table 11-13 shows percentage deviations from the Base forecast for aggregate
persona consumption expenditure (PCE) sectors. Total PCE increases by 12.4% over the
Base. Many of the aggregate sectors have smilar increases in expenditure asthe totd.
However, four sectors standout as having substantidly different increasesin persond
expenditure. Motor vehicles, housing, and trangportation al have smdler increases than the
average, with 1.4%, 2.1%, and 3.9%, respective differences from total PCE in 2050. Medica
sarvices, on the other hand, have an impressive 29% increase over the Basein 2050. These
differences are the result of changing age didtributions, and relative prices. For motor vehicles,
the very young have a positive impact on spending relaive to adults, while older children and
adults under the age of 30 have a smdler impact on spending relaive to adults. Thus, aggregate
PCE motor vehicle spending actudly experiences faster growth than tota PCE until 2040. Both
housing and transportation have lower spending relative to the average because children and
young adults spend less on these items than older adults do. Conversely, children spend
relatively more on medica services than adults do (126% of spending by adults) and as a result

medica services experiences a dramatic increase in PCE. Because of the change in the age
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distribution of the population the CTC smulation concentrates more of the spending in the

medica services and less of it in motor vehicles, housing, and trangportation.

Table 11-13 Persond Consumption Expenditures $500 Child Tax Credit (CTC) Smulation

Percentage Deviation from Base 2000 2010 2015 2020 2030 2040 2050
Personal Consumption Expenditure 01 03 09 24 50 84 124
Durable Goods 05 01 05 23 49 82 120
Motor Vehicles and Parts 10 04 15 30 54 82 110
Non-Durable Goods 02 06 12 25 50 85 125
Food and Alcohol 01 05 11 22 47 82 129
Clothing 03 06 10 27 55 90 129
Services 01 01 08 23 49 84 12§
Housing & Household operation -02 -01 01 11 32 63 103
Transportation -06 -13 09 03 24 51 85
Medical Services 03 33 55 84 137 206 290

The changes in PCE in the Table above illustrate how the changing age distribution
affects persona consumption by aggregate sectors. These changes in PCE combined with
changesin the economy --increased exports and lowered imports-- will also impact the
digtribution of output by aggregate sector. Like the RET67 smulation the decreased vaue of the
dollar impacts the industries that are export sendtive. Mining and both durable and non-durable
manufacturing have al increased by subgtantialy more than the economy. Mining and non-
durable manufacturing are up 25% over the Base, and durable manufacturing has increased by
23% over the Base. These increases in high productivity sectors counterba ance the large
increases in the low productivity medica-services industry, which is up 28% over the Base.
Finaly, the smalest increase in activity occursin the finance, insurance, and red estate sectors
where the larger young population tends to spend less of their money. The combination of the

changes in PCE and the economy as awhole result in avery different mix of industrid output
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than the one that occurred in the Base. These different combinations lead to a different overdl

productivity level which, in turn, influences the overal economy. Thus, andyzing population

changes without taking into account the industria composition could result in misunderstanding

some of the important relationships in the economy.

Table 11-14 Output by Aggregate Industries $500 Child Tax Credit

Percentage Deviations from Base 2000 2010 2015 2020 2030 2040 2050
Total Output -01 0.0 10 28 6.0 114 188
Agricultureforestry,fishery 01 03 09 19 39 74 12.5
Mining 0.0 0.2 15 37 7.8 14.7 245
Construction -05 -1.9 -0.7 13 37 82 137
Nondurables manufacturing 01 04 15 34 75 14.6 254
Durables manufacturing 0.0 01 14 31 6.9 135 227
Transportation -0.2 -0.6 0.2 18 45 9.2 15.6]
Utilities -0.2 -0.2 0.6 23 55 106 176
Trade 0.0 -01 0.7 23 52 9.6 150
Finance, insurance, real est. -05 -1.3 -0.8 0.7 32 71 122
Services, nonmedical 0.0 -0.2 05 20 45 84 136
Medical Services 04 33 54 82 133 200 28.3
Miscellaneous 01 0.6 30 6.1 101 164 227

The changes seen in output by aggregate industry have predictable impacts on

employment by aggregate industry. The percentage deviations from the Base employment levels

aeshownin Table 11-15. Asin the output table, the ditribution of jobsistilted toward

mining, manufacturing, and medica services. All private sector jobs have increased by 15.8%,

but those of mining, manufacturing, and medicad services dl experience increases in excess of

24%.
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Similar to the changesin PCE, the age ditribution has important impacts on the
digtribution of government spending. The effect of the changing age digtribution can be seen by
looking & the increases in jobs in the government sectors relative to the private sector. While
private sector jobs are up 15.8% over the Base, totd civilian jobs went up by 16.9%; private
sector jobs increased less than totd jobs, reflecting the fact that civilian government employment
isincreasang. Asthe number of children gets ever larger relative to the Base, the number of
persons employed by state and loca government increases substantidly. In 2050, employment

by state and local government for education purposes increases by 33% over the Base.
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Table 11-15 Jobs by Aggregate Industry and Government $500 Child Tax Credit Smulation

Percentage Deviations from Base 2000 2010 2015 2020 2030 2040 2050
Civilian jobs -04 -0.8 0.0 21 55 105 16.9
Private sector jobs -05 -1.0 -05 13 46 94 15.8
Agriculture, forestry, fishery -01 -05 -01 09 32 6.8 123
Mining -01 03 15 38 84 15.8 26.4]
Construction -0.6 -1.7 -0.7 10 40 8.6 145
Nondurables manufacturing 01 0.6 14 34 75 14.1 238
Durables manufacturing 01 05 16 35 79 153 259
Transportation -1.0 -2.3 -20 -0.1 27 75 145
Utilities 0.0 03 13 32 75 14.7 24.9
Trade -05 -1.8 -15 0.3 33 76 129
Finance, insurance, real est. -1.2 -2.8 -2.6 -0.8 21 6.5 12.6)
Services, nonmedical -0.7 -15 -1.3 01 29 6.8 124
Medical services 0.0 23 4.1 6.8 124 199 294
Civilian Government 0.0 0.1 26 6.1 100 16.3 24
Federal defense 0.0 0.0 0.0 0.0 0.0 00 0.0
Federal non-defense 0.0 0.0 0.0 0.0 0.0 0.0 0.0
State & local education 0.0 0.0 4.0 9.8 150 24.1 325
State & local health 0.0 23 43 70 114 16.6 226
State & local other 0.0 0.0 12 2.7 6.5 113 16.8
Federal govt enterprises 0.0 0.0 0.0 0.0 0.0 0.0 0.0
State & local govt enterprise 0.0 0.0 0.0 0.0 0.0 0.0 0.0

The CTC smulation suggests that the $500 child tax credit will increase the population
and the growth of the economy. After the first severd years of implementation the credit will
result in increases in the federd surplus. Policy makers could decide to pay down the debt and
thereby keep the increasing surplus, or they could decide to do any one of a number of things
with the surplus including holding the surplus a the Base levd. The surplus was shown to have

an impact on interest rates and the digtribution of output and jobs in the economy. This next
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section explores the impact of the $500 Child Tax Credit on the population and the economy

but with the surplus relative to GNP held & the Base levels.

In the CTC smulation many of the outcomes were the result of the increasing surplus
relative to the Base. Because the surplus-neutra CTC simulation (CTCCON) diminates the
effect of the large surplus, it shows more clearly the effects of the changing population on the
economy. Table 11-16 shows asummary of the outcomes in the CTCCON simulation. In the
CTC dmulation theratio of the surplus to GNP in 2050 was 2.5% larger than in the Base. By
congtruction, the CTCCON simulation holds the ratio of the surplus to GNP at the Base levels.
This means that there is an absolute increase in the surplus, 19.3% larger in 2050, but relative to

GNP the surplus is essentidly the same asin the Base.
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Table 11-16 Macro-economic Summary for $500 Child Tax Credit Surplus Neutra
(CTCCON) Simulation

2000 2010 2015 2020 2030 2040 2050
Potential GNP -01 01 10 2.8 6.1 110 173
GDP -01 0.0 12 30 58 104 158

Components, bil 77
Personal consumption 0.0 01 10 30 6.4 113 173
Fixed investment -05 -1.9 -04 0.6 21 49 8.0
Exports 0.0 0.7 14 22 35 59 9.0
Imports -01 -0.9 -0.6 01 10 22 33
State & local gov. 0.0 01 23 53 85 134 179
Price Level and Inflation Indicators
PCE deflator (77=100) -01 04 0.6 04 05 01 -0.8
Avg Hourly compensation 01 0.2 01 -01 -01 -05 -1.3
Exchange rate scalar -01 15 24 25 48 76 112
Private Labor Productivity 01 01 01 -01 -0.3 -06 -0.7
Labor force, mil -05 -0.7 -0.3 15 5.6 109 181
Real disposableincome 0.0 -01 10 29 59 104 155
Federal Surplus, bil $ -05 -0.3 09 33 7.8 136 193
Deviations from Base Values
Unemployment Rate -0.1 01 -05 -0.8 -0.1 0.1 0.8
Three Month T-bills, % -01 -01 -01 -01 -03 -05 -0.7]
Savingsrate, pct 0.0 -01 01 0.0 -0.3 -0.7 -1.3
Ratio of Surplusto GNP 0.0 0.0 0.0 0.0 0.0 0.0 0.1
Deviations from Base Growth Rates

%-00 0010 1015 1520 2030 3040 40-50
Potential GNP 0.0 0.0 0.2 04 0.3 05 0.6
GDP 0.0 0.0 0.2 03 03 04 05
M2 Growth Rate 0.0 0.0 01 04 0.3 04 05
PCE deflator (1977=100) 0.0 01 0.0 0.0 0.0 0.0 -0.1]
Private Labor Productivity 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Jobs (millions) -01 0.0 0.2 04 0.3 05 0.5
Labor Force (millions) -01 0.0 01 04 04 05 0.6

When holding the surplus to GNP ratio congtant, the changes in the economy cause
very dight changes in population, with no changes prior to 2040 and only 0.5% increasein
fertility in 2050. Rdative to CTC, the CTCCON simulation presents results using the converged
populetion from the CTC smulation. One immediate impact of alower surplusin the CTCCON

smulation compared to the CTC smulation isthat interest rates are dightly higher in the surplus
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neutral Smulation. In 2050, the three-month T-hill is 0.7 percentage points lower compared
with 1.1 percentage points in the CTC smulation. Thisincreasein interest rates dows the
economy dightly, potential GNP and GDP are lower than in CTC, and it increases the vaue of
the U.S. dollar. Theincreased vaue of the dollar resultsin only a 9% increase in exports
compared to a 21% increase. The increased vaue of the dollar also increases imports, which

are actualy 3% greater in CTCCON than in the Base.

Reducing persona income taxes creetes the reduction in the surplus. The reductionsin
persond income taxes result in increases in digposable income. Disposableincomeinthe CTC
smulation was up 10% while in the CTCCON smulation it is up 15.5%. At the same time that
there is an increase in digposable income thereis an increase in the populaion and the |abor
force. In 2050 the labor forceis 18% larger than in the Base. Therefore digposable income per
worker has actualy declined, dthough by less than if the government did not implement a

surplus neutrd policy.

The decreased activity in the export sectors results in areduction in private labor
productivity. The CTCCON simulation has a decrease in productivity in 2050 of 0.7%
compared to the CTC increase of 0.7%. The reduction in productivity isthe result of increased
activity, rddive to the Base, in sectors with lower productivity. Table 11-17 through Table
11-19 show the effect of increased population and the digtribution of that population on the level

and digtribution of PCE, output, and jobs.

Table 11-17 shows that total PCE spending increases by 17%. Because the federal

government is no longer Sphoning off a portion of the economic activity asit did inthe CTC
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amulation, the level of PCE spending is higher. Like the PCE spending in the CTC amulation,
housing and transportation are well below the percentage of the economy that they were in the
Base. Medical services continue to see increased economic activity because of the increased
number of children. However, unlike the CTC smulation, those sectors that are sengtive to
income experience much better outcomes in the CTCCON scenario. Specificaly, motor
vehicles, which experienced less activity as a percentage of the increase in activity in the CTC
amulation, now experiences above-average increases in activity. Similarly, dthough less
pronounced than motor vehicles, durable goods now have an above-average increase in PCE

Spending.

Table 11-17 Persona Consumption Expenditures $500 Child Tax Credit Surplus Neutra
(CTCCON) Simulation

Percentage Deviation from Base 2000 2010 2015 2020 2030 2040 2050
Personal Consumption Expenditure 00 01 10 30 64 113 173
Durable Goods 04 -02 08 32 71 127 192
Motor Vehicles and Parts 08 02 21 45 87 147 214
Non-Durable Goods 02 05 13 30 63 111 172
Food and Alcohol 00 04 12 26 56 102 163
Clothing 02 04 11 34 72 127 190
Services -02 00 09 29 62 109 166
Housing & Household operation -03 -02 02 15 40 79 130
Transportation -07 -14 -07 10 38 80 134
Medical Services 02 33 56 88 140 204 271

Asin the CTC amulaion, these changes in the digtribution of PCE spending influence
the ditribution of output among indudtries. Table 11-18 shows the percentage deviations from
Base levels of output for aggregate indudtries. The lower level of economic activity in the

CTCCON smulation, GDP increases by 16%, compared with the CTC smulation, GDP
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increased by 17.5%, isreflected in the leve of output by industries table. The industry that takes

the biggest hit is durables manufacturing. In the CTC smulation the durables manufacturing was

up 23% over the Base whilein the CTCCON smulation it is up only 16%, the economy

average. Finance, insurance and red estate are dill low relative to the economy’ s average,

athough they do somewhat better in the CTCCON smulation. Findly, asin the CTC smulation

and the PCE table, medica services continue to do wdll with the increased number of children.

Table 11-18 Output by Aggregate Industries $500 Child Tax Credit Surplus Neutral Simulation

Percentage deviations from Base 2000 2010 2015 2020 2030 2040 2050
Total Output -01 0.0 13 30 59 10.6 16.3
Agricultureforestry,fishery 01 0.3 10 21 4.1 74 118
Mining -01 03 19 39 7.2 126 19.3
Construction -05 -1.8 -04 14 36 79 12.7
Nondurables manufacturing 01 05 18 36 6.9 122 194
Durables manufacturing -01 03 18 32 58 103 159
Transportation -03 -0.6 05 21 4.6 88 14.1
Utilities -0.2 -0.2 0.8 26 5.7 105 16.6
Trade -01 -0.2 09 2.7 58 105 16.1
Finance, insurance, real estate -05 -1.3 -0.6 12 39 82 137
Services, nonmedical -01 -0.2 0.7 24 51 94 14.8
Medical Services 0.3 33 55 87 137 200 26.6
Miscellaneous 0.2 0.7 29 5.6 90 144 19.6

The changes in output by indusiry have an impact on the distribution of employment.

Table 11-19 shows the percentage deviation from the Base level of employment by aggregate

industry. As with the CTC smulation the distribution of jobs becomes skewed toward state and

locd government, with state and local education employing 33% more people in 2050. The
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digtribution of jobs changes dightly from that of the CTC samulation with fewer jobs going to the

high export sectors.

Table 11-19 Jobs by Aggregate Industry and Government $500 Child Tax Credit Smulation
Surplus Neutra

Percentage deviations from Base 2000 2010 2015 2020 2030 2040 2050
Civilianjobs -04 -0.8 0.2 23 58 108 171
Private sector jobs -05 -1.0 -0.3 16 49 9.7 16.0
Agriculture, forestry, fishery -0.2 -04 0.0 11 32 6.6 11.6
Mining -01 04 19 39 78 138 214
Construction -06 -1.6 -05 10 37 80 134
Nondurables manufacturing 01 0.7 16 36 71 123 193
Durables manufacturing 01 0.6 19 35 6.6 116 181
Transportation -1.0 -2.3 -1.8 0.2 28 72 130
Utilities -01 03 15 34 7.6 142 232
Trade -0.6 -19 -1.3 0.8 43 9.6 16.3
Finance, insurance, real estate -12 -29 -24 -0.3 27 74 136
Services, nonmedical -0.7 -15 -12 04 35 77 137
Medical services -01 23 42 72 127 195 27.1
Civilian govt. 0.0 0.2 2.6 6.1 100 16.2 223
Federal defense 00 0.0 0.0 0.0 0.0 0.0 0.0
Federal non-defense 0.0 0.0 0.0 0.0 0.0 0.0 0.0
State & local education 0.0 0.0 40 9.8 150 24.1 325
State & local health 0.0 23 44 71 112 156 19.7
State & local other 0.0 0.0 12 27 6.5 113 16.8
Federal govt enterprises 0.0 0.0 0.0 0.0 0.0 0.0 0.0

The CTC and CTCCON smulations point out that not only isit important to know the
Size of the population, but it is also important to know the age distribution of the population.
Population distribution changes the composition of the labor force, and the distribution of PCE
spending. In addition to the changes in population it isimportant to redlize that assumptions
about changes in the surplus can have an impact on the economy through changing composition

of demand and output, resulting in changes in the productivity of the economy.
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The CTC and CTCCON simulations started from the premise that the $500 dollars
would be treated in asimilar manner to the EITC. Thisresulted in a population in 2050 that was
21% larger and increasingly dominated by the young. In addition to the impacts on the
composition of output, the increased population aso resulted in abalooning federd surplus. Just
as the Baby Boomers (those born between 1946 and 1964) reach their retirement years, the
wave of children from the increased tax credit for children starts to enter the labor force. This
timing mitigates some of the problems that the socid insurance trust funds are bound to face.
Figure 11-4 shows the change in the solvency ratio between the CTC aternative and the base.
Initidly, the increased fertility and decreased participation reduce the solvency ratio. However,
later in the forecast when the younger population reaches working age the solvency ratio is

positively influenced.

Figure 11-4 Changein Solvency Ratio Child Credit
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An dternative scenario is that women trest the increase in income from the child tax
credit asincome. In other words, instead of using the EITC parameter for the effect of the Child
Tax Credit, the income parameter is used. This scenario results in essentialy no change in the
population. The EITC parameter used for the CTC smulations was 0.000622. The income
parameter is 0.0000045. The EITC parameter is 138 times larger than the income parameter,
S0 it should come as no surprise that the smulation using the income parameter resultsin
essentidly no change in the population. The parameter on EITC takes into account the link
between benefits and children. The income parameter, on the other hand, merdly treats the

Child Tax Credit asincome, ignoring the link between the benefit and children.

The population increase of 21% in 2050 trandates into 78 million more people than in
the Base. There are two aspects of the credit that must be taken into account when evaluating
the smulations on population. Firg, the credit is modeled as a $500 increase in congtant dollars
for dl time. This means that the credit will not disappear as the economy and price levels
grow.™ Second, the credit not only affects the current population but also increases the fertility
of the CTC children asthey age into their childbearing years. The geometric increase in
population results in ever-increasng numbers. So whilein the firgt full year of implementation of

the smulation the total number of babies born only increased by 828,000, by 2050 the number

"M H.R. 2014 does not index the $500 credit. Thus, in practical terms, the law allows the credit
to disappear over time, unless Congress updates the value of the credit. Additionally, red
incomes are increasing in the forecast period, so that the $500 held congtant in red terms,
nevertheless, will be declining as a percentage of red persond income. The parameter on the
EITC from the cross-section estimate is associated with dollar amounts, not shares of income.
This dissertation assumes that the effect of the CTC using the EITC parameter is congtant
relative to dollars. Alternatively, one could interpret the EITC parameter as associated with
shares of income. If that assumption were used these effects would be smaller.
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of babies increased by 2,541,000. Thus the Child Tax Credit put the population on a different

trgjectory resulting in 78 million more persons.

Clearly, the increase in population depends on the assumption made about how women
will react to the credit. The next set of smulation tables explores the impact on population and
the economy of assuming that the real parameter for the Child Tax Credit is hdf of the EITC

parameter used in the previous CTC smulations (CTCHALF).

Table 11-20 summarizes the changesin population that result from the CTCHALF
samulation. The TFR rate in the year 2000 is 10% greeter than in the Base, this compareswith a
22% increase in the CTC smulation. Theincrease in fertility is dose to haf of the increase that
occurred in the CTC simulation. In 2050 the difference between the TFR’ s becomes greater;
TFR inthe CTCHALF smulation is 8% higher than the Base, while in the CTC smulation it is
23% greater. The 8% increase in fertility resultsin an 8% increase in totd population. Similarly,
the increase in fertility results in an increase in the working age population of 6%, compared with
the CTC samulation increase of 15%. Interestingly, while the CTC forecasted labor force
participation for women between the age of 20 and 64 down relative to the Base in dl years,
the CTCHALF smulation predicts that their participation will actudly be dightly up in 2050.
Thus, dthough the working age population is only up by 6%, the civilian labor forceis up by
8%. In sum, the population results gppear to be less than half of the increases seen inthe CTC

smulation and the distribution of the labor force is skewed less towards 20-64 year old males.
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Table 11-20 Population and Labor Force Summary for $500 Child Tax Credit Smulation
CTCHALF

Percentage Deviations from Base 2000 2010 2015 2020 2030 2040 2050,
Totd Fertility Rate 99 9.8 95 95 9.3 86 81
Population, total (in millions) 0.2 15 21 2.7 44 6.3 84
0-4 years 26 9.9 94 105 16.0 184 20.8
5-14 years 0.0 6.5 100 94 117 164 184
15-19 years 0.0 0.0 25 101 89 128 16.7
20-29 years 0.0 0.0 0.0 12 94 9.1 135
30-39 years 0.0 00 00 00 11 89 8.7
40-49 years 0.0 00 00 00 0.0 11 8.7
50-64 years 0.0 0.0 0.0 0.0 00 00 0.8
65-74 years 0.0 0.0 0.0 0.0 0.0 0.0 0.0
75-84 years 0.0 0.0 0.0 0.0 0.0 0.0 0.0
85-100 years 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Working Age (16-85) 0.0 0.0 0.0 0.9 23 4.0 6.3
Civilian Labor Force (millions) -0.2 -0.3 -04 04 25 49 79
Teenagers 16-19 -05 -0.3 -0.8 9.7 89 125 171
Men, 20-64 00 00 0.0 04 2.7 52 83
Women, 20-64 -05 -0.8 -0.8 -05 18 4.2 74
Men, 65-84 -01 -03 0.2 -01 01 0.6 0.7,
Women, 65-84 -03 0.0 -03 0.2 0.3 04 0.9
Deviations from Base L abor Force Participation Rates
Teenagers, 16-19 -0.2 -0.2 -0.7 -0.2 0.0 0.0 0.2
Men, 20-64 0.0 0.0 0.0 01 0.2 05 0.7,
Women, 20-64 -04 -05 -05 -0.6 -04 -01 0.2
Men, 65-84 00 -0.1 00 00 0.0 01 0.4
Women, 65-84 00 00 00 00 00 0.1 0.4

The effects on the economy, shown in Table 11-21, are predictable. In 2050 potential
GNP is up 8.2% over the Base, while GDP lags dightly behind. Red digposable incomeis
initidly down before it eventudly increases. The decline and eventud increase in disposable
income pushes persona consumption initidly down and then back up. Theincreasein
disposable income in 2050 of 4% iswell below the increase in the [abor force. Income per
worker is down relative to the Base. Average hourly compensation is essentidly flat, while the
PCE deflator isincreasing, resulting in adecline in red hourly wages. The decline in red wages
of 1.4% in 2050 is less than the 1.7% decline red wages in the CTC simulation. The increased
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decline in wages in the CTC smulation contributed to the higher fertility rates, fertility is

negatively effected by wages.

Similar to the CTC smulation, the population incresse results in a 121% increase in the
federa surplus, and a 1.2 percentage point increase in the surplus relative to the Base. The
increased surplus pushes interest rates down 0.5 percentage points in 2050. The decrease in
interest rates has two effects, one it reduces the net interest payments made on federal
outstanding debt, and two it decreases the value of the dollar. Thefirst effect increases the
surplus even more through standard debt dynamics, and the second effect pushes up the
exchange rate. The decreased vaue of the dollar makes U.S. goods more competitive overseas
and foreign goods less competitive in the U.S.. Theresult is that exports are higher and imports
are lower, leading to an indudtrid digtribution of activity that is skewed towards the export
sectors. The change in the distribution of activity acrossindudtrial sectorsresultsin anincreasein

labor productivity.
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Table 11-21 Macro-economic Summary for $500 Child Tax Credit Smulation CTCHALF

Percentage Deviations from Base 2000 2010 2015 2020 2030 2040 2050
Potential GNP 0.0 0.0 0.3 12 29 52 82
Gross Domestic Product 0.0 -0.2 0.0 13 28 50 7.8
Components

Personal consumption 0.0 -01 -05 04 18 33 49

Fixed investment 0.2 -1.0 -0.8 04 0.9 21 33

Exports 0.0 0.2 0.7 20 36 6.2 102

Imports 01 -05 -12 -12 -15 -25 -4.4

State & local gov. 0.0 0.0 08 24 36 55 70

Price Level and Inflation Indicators

PCE deflator 0.0 0.2 04 05 0.7 0.9 14

Avg Hourly compensation 0.0 01 02 01 0.0 -01 0.0
Private Labor Productivity 0.0 01 0.2 0.2 01 0.2 0.5

Exchange rate scalar -01 0.6 17 27 48 86 14.7

Labor force, mil -0.2 -03 -04 04 25 49 79

Real disposableincome 01 -04 -0.8 0.3 16 28 41
Federal surplus -34 6.8 253 274 34.8 738 1214

Deviations From Base

Unemployment rate, % -01 0.2 0.1 -0.3 0.0 0.1 0.5

Three month T-hills, % 0.0 -0.1 -0.2 -0.2 -0.2 -04 -0.5

Savingsrate, pct 01 -0.2 -0.2 00 -02 -04 -0.6
Ratio Surplusto GNP 0.0 01 0.3 04 05 0.8 12

Deviations from Base Growth Rates

%00 0010 1015 1520 2030 3040 4050

Potential GNP 0.0 0.0 01 0.2 0.2 0.2 0.3
GDP 0.0 0.0 0.0 03 01 0.2 0.3
M2 0.0 0.0 0.0 0.2 0.2 0.2 0.3
PCE deflator 0.0 0.0 01 0.0 0.0 0.0 0.0
Private Labor Productivity 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Total Jobs 0.0 0.0 0.0 03 0.2 0.2 0.3
Labor Force -0.1 0.0 0.0 0.2 0.2 02 0.3

Like the CTC smulation, the increased export activity pushes activity into sectors that

are more exportable. Table 11-22 shows the percentage deviations from the Base leve of

output for aggregate indudtria sectors. The digtribution is skewed toward mining, manufacturing,

and medica sarvices. Both the mining and manufacturing benefit from the increased export

activity, while the medica sector benefits from children.
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Table 11-22 Output by Aggregate Industry $500 Child Tax Credit Smulation Half EITC
Parameter

percentage deviations from Base 2000 2010 2015 2020 2030 2040 2050
Total Output 0.0 -0.2 0.0 14 30 54 85
Agricultureforestry,fishery 01 0.0 01 0.9 18 33 54
Mining 0.0 -01 03 21 41 71 112
Construction 0.2 -1.0 -0.9 038 18 37 6.1
Nondurables manufacturing 01 0.0 0.3 20 39 7.0 116
Durables manufacturing 01 -0.1 04 22 39 6.9 10.9
Transportation 0.0 -05 -05 0.9 23 44 71
Utilities 0.0 -03 -0.2 10 26 48 7.7
Trade 01 -03 -04 0.8 23 42 6.5
Finance, insurance, real estate -0.1 -0.8 -1.0 01 14 31 53
Services, nonmedical 01 -0.3 -04 0.7 20 37 59
Medical Services 01 12 18 33 59 86 118
Miscellaneous -0.1 04 14 30 43 6.8 9.0

The digtribution effects seen in output influence the ditribution of employment. Table
11-23 shows the percentage deviations from Base levels of employment for the CTCHALF
samulation. As expected, the industries that experience strong growth are the ones to have
increased employment. Similar to the CTC smulation, the CTCHALF smulation forecasts
increases in the number of persons employed by state and loca governments. As aresult of the
increase in the population, the increased employment is concentrated in the education sector.
State and loca education employment is up 12.5% over the Base. Thus not only does the
change in population effect the compaogition of output it Ao influences the degree to which

resources are devoted to the government sector.
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Table 11-23 Jobs by Aggregate Industry and Government $500 Child Tax Credit Smulation
CTCHALF

Percentage Deviations from Base 2000 2010 2015 2020 2030 2040 2050
Civilianjobs -01 -05 -05 0.8 25 47 74
Private sector jobs -0.1 -0.6 -0.8 04 22 43 7.1
Agriculture, forestry, fishery -0.1 -0.3 -0.3 04 15 31 55
Mining 0.0 -01 03 21 43 75 120
Construction 0.2 -0.8 -0.7 0.6 18 39 6.4
Nondurables manufacturing 01 01 0.3 18 39 6.7 10.8
Durables manufacturing 01 01 05 23 44 7.7 12.3
Transportation -06 -1.2 -15 0.0 16 38 6.9
Utilities 0.0 0.0 0.2 14 35 6.6 10.8
Trade -01 -10 -15 -04 13 33 5.7
Finance, insurance, real estate -05 -14 -1.9 -0.6 10 31 5.8
Services, nonmedical -0.2 -0.8 -1.2 -0.3 13 32 5.7
Medical services 0.0 0.8 13 27 55 87 126
Civilian Government 0.0 01 10 28 4.3 6.6 8.7
Federal defense 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Federal non-defense 0.0 0.0 0.0 0.0 0.0 0.0 0.0
State & local education 0.0 0.0 14 45 6.4 9.8 125
State & local health -01 09 17 31 53 75 9.8
State & local other 0.0 0.0 0.6 11 27 46 6.7,
Federal govt enterprises 0.0 0.0 0.0 0.0 0.0 0.0 0.0
State & local govt enterprises 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Conclusion

The $500 Child Tax Credit implemented by Congressin 1997 as aform of family tax
relief has important incentive effects for fertility. The credit requires having a dependent child in
the house, and thus, is as a subsdy to the cost of having a child. The analys's presented here
suggests that the Child Tax Credit could have an impact on population anywhere from zero to a
21% increase by 2050. The economy that results from the larger population is one of decreased
real income and wages, increased federd surplus, decreased interest rates, and higher

unemployment. The distribution of activity in the economy is skewed toward those sectors that
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are used heavily by the young, and away from those that are less atractive to the young. If the
aurplusis dlowed to grow, the economy is more export driven than otherwise. Findly, the labor
force is more dominated by males between the ages of 20 and 64. Female participation is

reduced dightly, asisteenager participation.

The CTCHALF smulation showed that over time the effects of the $500 dollar increase
were less than hdf of the increase in the CTC smulation. This suggests that the use of agenerd
equilibrium modd that alows wages, income, participation, labor demand, and fertility to be

endogenoudy determined is essentid to informed policy making.

The retirement digibility smulations showed that policies amed a increasing the trust
fund surpluses could be successful. The federa surplus increased 23% in 2050 over the Base
levels. Equally important, the smulation showed that how policy makers ded with increasesin
the surplus influences the digtribution of output. Interestingly, the increases in participation rates
that were assumed to hagppen to men and women in their 60’ s resulted in decreasesin the
participation of teenagers. The increased labor force results in an increase in the unemployment
rate. Teenagers are typically the margind worker and more likely to be unemployed than older
workers o it is not surprising that they would reduce their participation when thereisan

increase in unemployment.
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Chapter 12 Conclusion
The purpose of this dissertation isto provide an empiricaly estimated generd

equilibrium modd of the economy, labor supply, and population. Linking a population and labor
supply mode (DPM) to a macro-economic modd with industry detail (LIFT) createsthe
generd equilibrium modd. Maost demographic and economic models use Smple assumptions
about either the economy or the population. Often economic forecasts are made with
demographic variables exogenoudy inserted into the model. Similarly, population forecasts are
typicaly made without taking into account future changes in the economy. This dissertation

makes the link between the economy and the population explicit, and endogenous.

In order to modd the population and labor supply, empirica estimates from decennid
cross-sections were made. The estimates included an andysis of the effects of economic
variables such as wages, and income on fertility. The femae wage rate was shown to have
sgnificant negative impacts on the probability of observing abirth. In 1990 a 1% increase in the
log of wages decreased the probability of observing a birth by 3.1%. Household income minus
one' s own earnings was shown to have a postive effect on the probability of observing a birth.
These results suggest that economic variables can play an important role in determining the

overdl fertility rate.

The fertility anayss dso controlled for the number of children dready in the household,
the marita status of the woman, and, if married, the labor force attachment of the husband. The

results presented on fertility suggested that one of the biggest sngle determinants of the

216



probability of observing a birth is the maritd atus of the woman. A woman who ismarried is
148% more likely to have a child than awoman who is not, everything e'se being equd. In
addition, the labor force atachment of the husband had a sgnificant impact in 1990. Being
married to a husband that works increased the likelihood of observing a birth by amost 200%

in 1990.

In addition to the economic and demographic variables, this dissertation focuses on the
impact of the EITC on fertility. The EITC acts like asubsidy to the cost of having achild, and in
theory should increase the probability of having achild. The empirica andysis suggested that the
EITC dadticity of fertility was between 0.01% and 0.1%. While these e adticities are rather
amadl, large changes in the value of the credit can have large changes in fertility outcomes.
Perhaps equdly important, the effect of the EITC on fertility calsinto question previous

research on the effects of the EITC on labor supply.

Because fertility and labor supply are intertwined (high fertility is usudly associated with
lower femae labor force attachment) the cross-section andysis aso included a detailed andysis
of the determinants of labor force participation and annual hours worked. The results indicated
that household income had a negetive effect on participation and annua hours of work for both
men and women. In addition, children were shown to have a negative impact on the

participation of married men with spouses who worked.

In order to account for systematic errors over time, atime-series andysis of age-
gpecific fertility and participation rates usng the cross section results was performed. The

predicted fertility rate or participation rates from the cross-section were not only found to be
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important in explaining the movement of the dependent variables, but were o of the correct

gze and magnitude.

The Demographic Projections Modd (DPM) was compared to the Socid Security
Adminigtration (SSA) projections for fertility and participation. The SSA projections were
found to provide believable bounds on the set of possible outcomes. However, the SSA High
and Low cost projections have incompatible projections of the economy and population. In
contrast to the DPM modd, which predicted that fertility rates would increase with high
unemployment and lower wages, the SSA projected that fertility rates would be lower.
Conversdly, when the economy was doing well and the SSA projected high fertility, DPM
predicted lower fertility. Thus, the direction of the changes in the economy and the population

are quite different from the set of outcomes that the SSA predicts for their trust funds.

In thefind chapter, two policy smulations and the base population and economy were
illustrated and described. When combined with the LIFT modd the DPM mode converged in 3
iterations and created a Base forecast of dowing fertility and population growth. With dowing
fertility the population becomes increasingly dominated by the dderly and immigrants. The
elderly are predicted to make up over 20% of the population in 2050. The economy resulting

from these populationsis one of dowing GDP growth and increasing real wages.

The two policy Smulations present the results of shocking the economy with alater
retirement age in 2014 and with the $500 Child Tax Credit that was enacted in 1997. Thefirgt
set of smulations resulted in amuch-improved federd surplus; the increased participation and

lower digible population both increase revenues and reduce transfer payment expenditures. The
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improvement in the bottom line for the federal government has an impact on the exchange rate

and on the composition of output through exports and imports.

The second set of smulations show that if women reect to the $500 Child Tax Credit in
asmilar manner to the EITC, the totd fertility rate could increase by as much as 23%. The
sugtained increase in the fertility rate over the next 50 years resultsin a population with 78
million more people concentrated principaly in the younger age groups. Thistype of achange
has a dramatic impact on the economy. GDP is 18% greater than in the Base, and the federa
aurplusis 265% greeter than in the Base. The large change in the ditribution of the population
resultsin changes in the composition of indudtrid activity. Output in the medicd services
(medica services are demanded by the young and ederly more than middle age adults) is 28%
gregter than in the base. Similarly, education expenditures by state and local governments

increase dramaticaly.

The generd approach of this dissertation is to andyze the determinants of individua
decisons on fertility and labor supply. Once equations for fertility and labor supply were created
they were incorporated into a smulation mode. The smulation modd was combined with the
LIFT economic modd of the U.S. economy. This approach dlowed for an andysis of the
effects of the $500 Child Tax Credit on both the population and the economy. In the absence of
ademographic modd, the family tax relief credit would appear to have very little effect on the
economy. But by including a demographic andysis of the effects of the credit dong with the
economic andysis the potentid for very large impacts is more evident. Thus, this dissertation

fulfilled its mission of providing an empirica link between the economy and population.
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There are anumber of areas where further research and testing are desirable. First, the
DPM model does not model elther schooling or educationd atainment. Educationa attainment
levels are amply set exogenoudy in the forecast. The modd could be improved by estimating
education decisions of individuds and linking those decisons to the LIFT mode and
occupations. Second, the model uses exogenous surviva rates from the Census Bureau.
Surviva rates could depend on the standard of living, occupation and industrial compaosition of
the economy, and other variables. Endogenizing surviva rates would dlow the economy to have
an influence on the overal life expectancy. One can surmise that increased expenditure on
medica services might lead to decreased mortdity rates. Third, the relationship between LIFT
employment demand and DPM labor supply could be improved so that thereis an actud
market. Thiswould require a better understanding of occupation choice a the individua level

and occupationd demand at the indudtrid levd.
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Chapter 13 Appendices

Chapter 14 Appendix A: Cross Section Estimates of Wages, Income, Transportation
and Fertility

Chapter 15 OLS of thelog of wages

Table 13-1 Sample Sdection Corrected and OL S Estimates of the Femae Log of Wages

Femde Log of Wages 1970 1980 1990
Specification Heckit OLS| Heckit OLS| Heckit OLS
Experience 002 003 002 002 002 0.02
Experience Squared 000 0.00f 0.00 0.00 0.00 0.00
Teenager -0.22 -0.29| -0.15 -0.120 -0.20 -0.19
Age Twenty 0.12 011 -0.02 -0.01f -0.06 -0.06
Age 45-59 -0.11 -0.11y -0.09 -0.11} -0.12 -0.13
Age Sixty -0.11 -0.16| -0.15 -0.13] -0.23 -0.19
Age 70+ -0.39 -048 -029 -0.26/ -0.36 -0.30
Education 004 0.04f 005 0.05 006 0.06
Married 007 0024 -0.01° 0.04 -0.03 0.02'
Husb. Labor -0.11 -0.10f -0.06 -0.08/ -0.03 -0.06
Participation

No. Children 1<age<5 -0.03* -0.05 -0.17 -0.13] -0.12 -0.09
No. Childrenage>=5  -0.01® -0.01|] -0.04 -0.03] -0.04 -0.04
Husb. Part.* No. Child -0.01® -0.02¥ 011 011/ 010 0.10

1<age<5

Husb. Part.* No. Child -0.04 -0.04] -0.01 -0.02] -0.02 -0.02
age>=5

Locd Unemployment 11.98 6.09] -1.97 -1.55 -0.60° -0.91
Lambda -0.21 0.17 0.171
R-Square 0.144 0.144] 0.092 0.089] 0.139 0.138

Other variables not shown here are race, ethnicity, occupation, state of
residence, and metropolitan residence dummy variables. Additiondly, the
1980 and 1990 samples include dummy variables for not being able to
spesk English and school enrollment in the previous year. All estimates are
ggnificant a the 1% level unless noted otherwise. 1 Significant at the 5%
level. 2 Significant at the 10% leve. 3 not sgnificant.
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Table 13-2 Sample Selection Corrected and OL S Estimates of the Married Male Log of

Wages

Married Mae Log of 1970 1980 1990
Wages

Heckit OLS Heckit OLS| Heckit OLS
Experience 0.025 0.025 0.028 0.027| 0.029 0.032
Experience Squared -0.0004 -0.0004{-0.0004 -0.0004|-0.0005 -0.0005
Teenager -0.297 -0.182| -0.297 -0.286| -0.290 -0.277
Age Twenty -0.051 -0.036 -0.053 -0.053] -0.074 -0.081
Age 45-59 -0.014' -0.0079 -0.009° -0.016'| 0.048 0.037
Age Sixty -0.069 -0.057| -0.103 -0.098| -0.120 -0.120
Age 70+ -0.389 -0.383 -0.332 -0.305| -0.349 -0.368
Education 0.043 0.042 0.046 0.047| 0.053 0.054
Husb. L abor -0.091 -0.112| -0.135 -0.143| -0.161 -0.214
Participation
No. Children 1<age<5  -0.027 -0.022| -0.034 -0.035| -0.038 -0.033
No. Children age>=5 0.003* -{ -0.004° -0.003% -0.004° -0.015

0.00033

Husb. Part.* No. Child ~ 0.046 0.03§ 0.029 0.034] 0.045 0.024
1<age<5
Husb. Part.* No. Child  -0.001°* 0.004Y 0.003° 0.003% 0.005° 0.020
age>=5
Two or more Children 0.043 0.033 0.056 0.056 0.050 0.080
Loca Unemployment 7.934 7.487 -0.784' -0.682"| -1.827 -1.829
Lambda -0.078 0.088 0.118
R-Square 0215 0215 0.144 0.140] 0151 0.150

Other variables not shown here are race, ethnicity, occupation, state of
residence, and metropolitan residence dummy variables. Additiondly, the 1980
and 1990 samples include dummy variables for not being able to speak English
and school enrollment in the previous year. All estimates are Sgnificant at the
1% leve unless noted otherwise. 1 Significant a the 5% level. 2 Significant at
the 10% levd. 3 not sgnificant.
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Table 13-3 Sample Sdection Corrected and OL S Estimates of the Single Male Log of Wages

SingleMdeLog 1970 1980 1990
of Wages

Heckit  OLS Heckit  OLS| Heckit OLS
Experience 0.031 0.043 0.030 0.033 0.035 0.037
Experience -0.0003 -0.0004 -0.0003 -0.0004| -0.0005 -0.0005
Squared
Teenager -0.152 -0.242] -0.120 -0.096| -0.124 -0.098
Age Twenty 0.024* 0.071 -0.011® 0.003° 0.008° 0.014°
Age 45-59 -0.192 -0.249 -0.123 -0.146| -0.077 -0.088
Age Sixty -0.219 -0.450 -0.236 -0.282| -0.239 -0.235
Age 70+ -0.427 -0.845 -0.454 -0.534| -0.384 -0.407
Education 0.054 0065 0.058 0.061 0.060 0.060
No. Children 0.058 0.096 -0.006° 0.000° 0.019° 0.023°
1<age<5
No. Children 0.032 00568 0.071 0.076 0.055 0.054
age>=5
L ocal 18.784 17.340 -0.657° -0.591% -1.842 -1.773
Unemployment
Lambda -0.561 -0.137 0.066"
R-Square 0221 0220 0144 0139 0.179 0.173

Other variables not shown here are race, ethnicity, occupation, state of
resdence, and metropolitan residence dummy variables. Additiondly, the 1980
and 1990 samples include dummy variables for not being able to spesk English
and schoal enrollment in the previous year. All estimates are Sgnificant at the
1% leve unless noted otherwise. 1 Significant at the 5% level. 2 Significant at
the 10% levd. 3 not significant.
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Chapter 16 Estimate of transportation time to work

Table 13-4 OL S Edtimate of the Transportation Time to Work in 1980

Trangportation Time to Work
1980
R-square 0.086
Dependent Mean in 21.854
Minutes

Parameter Standard
Vaidble Edimate Error
Intercept 27.889 0.230
Age 0.032 0.002
Femde -3.961 0.053
Married 1.394 0.059
No. Autos -0.515 0.034
No. Trucks 0.525 0.047
Number of Personsin 0.130 0.018
Hhid.
Black 4.003 0.095
American Indian 1.873 0.369
Chinese 1.759 0.414
Japanese -0.633 0.431
Rest of Asa 0.714 0.270
Race Other -0.259 0.523
Higpanic Ethnicity 0.233 0.130

Other Variables not shown here are dummy
variables for Standard Metropolitan Statigtical
Areas.
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Table 13-5 OL S Estimate of the Transportation Time to Work in 1990

Transportation Time to Work 1990
R-square 0.0585
Dep Mean in Minutes 22.3576
Parameter
Vaiadle Edtimate Error
I ntercept 19.322 0.223
Age 0.004 0.001
Femde -3.282 0.034
Married 1.396 0.038
No. of Vehicles 0.042 0.017
Number of Personsin 0.000 0.013
Hhid
Black 2.217 0.065
American Indian 0.570 0.208
Chinese 1.756 0.209
Japanese 0.153 0.283
Rest of Asa 0.438 0.132
Race Other 0.272 0.126
Higpanic Ethnicity -0.358 0.092

Other Variables not shown here are dummy
variablesfor Metropolitan Aress.
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Chapter 17 Edimate of Probability of Birth

Table 13-6 Logit Estimation of the Probability of Birth  (Log(p/1-p)=XB, where

p=Prob(birh=1))

Sample Year 1970 1980 1990
Specification Smple Smple Full  |Smple Smple Rl  |Smple Smple Rl

w/ State w/ State w/

Dum Dum State

Dum

Elagticities
Aoce 10.036 10.063 9.904{13.714 13.750 14.22 |15.19 15.255 15.59
Aae Sauared -8.774 -8.775 -8.724 - -10.410 - - - -
Waoe OLS -0.035 -0.037 -0.524{-0.695 -0.745-3.037|-0.459 -0.585 -
Other Hhid Income  -0.138 -0.100 0.028Y 0.003* 0.008° 0.060| 0.064 0.065 0.074
Tax Vdue State 0.004 -0.070 - - -0.269-0.172|0.003% -0.008° 0.010
State Tax Rate -0.102 -0.330 -0.255 - -0.109 -0.106(-0.029 -0.215 -
EITC 0.042 0.037 0.027| 0.037 0.036 0.027
Education -0.343 -0.286 0.423| 0.147 0.200 1.358] 0.286 0.413 1.332

Aver aae fixed effects for Dummv and Discrete Variables

Married 7159 737.2 57.6| 7159 878.2 219.9| 469.7 484.6 160.9
Married Quarter 1 693.4 69.7
Married Quarter 2 771.7 76.9
Married Quarter 3 743.6 78.5
Married Quarter 4 722.4 72.8
Husband L abor 83.2 117.8 194.4
No. Children 1< 10.8 71 826 108 3.8 750 129 11.2130.8
No. Children aoe -136 -139 113 -13.6 -275 255 -26.8 -274 344
Twins a Firg Birth -7.13 36.8 12.7°
Twins a Second -10.6° -39.7 -21.9
First 2 children 1.8° 14.2 7.0
Two or More -51.7 -60.7 -58.8
Husb. Part. * No. Child -44.6 -34.8 -47.1
Husb. Part. * No. Child -18.4 -35.1 -37.1
Teenager -33.4 9.8 52.7
-2LoalL
I ntercept and 138850 138332 13249 |15967 158860 15253(16911 16872 1630
Intercept Only 17736 19949 2043

All estimates are Sgnificant a the 1% level unless noted otherwise below. 1 Significant & the
5% level. 2 Significant at the 10% levd. 3 not sgnificant. Other variables not shown here are
dummy varigbles for immigration status, metro status, racia and ethnicity background, and for
the 1980 and 1990 years indicators of English speaking capabiilities, and school attendancein
the previous year. In addition, dl of the full specifications included occupationa and Sate
dummies. Married in quarter 1-4 are al gatisticaly different form each other in both 1970
and 1980. EITC is created for dl women regardless of number of children in household.
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Chapter 18 Summary of Predicted Transportation and Loca Unemployment

Table 13-7 Summary Statistics for Predicted Variables

Vaidble N Mean StdDev  Minimum Maximum
TRANHAT 2014364 21.21 5.17 8.70 44.09
LUNEMP 2347518 0.03 0.01 0.01 0.08
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Chapter 19 Household Income Edtimates

Table 13-8 Estimate of Household Income for 1970, 1980, and 1990

Estimate of Household 1990 1980 1970*
Income
R-square 0.3953 0.4513 0.4521
Obsarvations 864248 716110 554575
Dep Mean 37.76053 20.24584 9828.490

3

Paramet Paramet Paramet

Vaidble Esimae Error Esimae Error Esdimae Error
[ ntercept -33.348 0.421f -12.311 0.200{ -17715 111.8
Experience 0.311 0.008 0.307 0.003 128.8 1.8
Experience Squared -0.007 0.000, -0.004 0.000 -1.6 0.0
Black -2.263 0.108) -1.277 0.048| -694.3 29.8
American Indian -2.630 0.340f -1.475 0.180| -281.4 149.4
Chinese -1.133 0.416] -0.696 0.239| -543.0 182.1
Japanese 2.623 0.524 1.578 0.250 383.4 157.7
Rest of Asa -3.003 0.289] -1.922 0.165| -772.6 179.4
Race Other -0.498 0.234] -0.258 0.273| -873.7 242.8
Higpanic Ethnicityity -2.592 0.174) -1.699 0.075| -440.2 45.2
Borninthe US 0.023 0.252] -0.196 0.138 59.5 76.3
No English 4734 0.435 2.059 0.214
Education 2.003 0.012 0.811 0.005 302.2 3.0
No of Children -1.861 0.069, -1.103 0.033| -544.2 14.7
No of Children <5 -2.363 0.069, -2.358 0.031| -1207.2 15.4
Married 2.147 0.298] -0.581 0.151| -1187.7 62.9
Femde -2.433 0.085] -0.895 0.043| -1411.0 324
Immigrant Satus 0.698 0.265 0.292 0.142 435.0 771
Enrolled in School Prev. -5.198 0.126| -3.084 0.062
Yr.
Worked in Previous 7.278 0.084 5.322 0.048| 2796.5 26.6
Y ear
Metro Status 6.777 0.074 2.658 0.035 1104.2 19.7
Farm -0.607 0.155| -0.605 0.077| -212.6 45.3
No. Autos 4.329 0.020
No. Trucks 1.378 0.028
No. Vehicles 6.862 0.034
Number of Families 4.447 0.108 1.624 0.055| -1610.3 34.9
No. of Couples 6.921 0.310 4.315 0.156| 2317.9 64.4
No. Person Records 3.024 0.061 1.955 0.030 898.0 13.6
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Teephone Avallability

No. of Tdevidons

Tdevison with UHF
Battery Powered Radios

Clothes Washing

Machine

Clothes Dryer
Dishwasher

Freezer

630.4
1348.1
448.9
528.9
-476.8

1018.2
3131.6
294.6

24.5
17.0
171
19.2
26.4

19.1
22.4
18.9

Other variables not shown here are state and occupation dummies. * The 1970 dependent is
in actual dollars while the 1990 and 1980 estimates are in thousands of dollars.

Chapter 20 Quarter of Marriage Frequency Tables

Table 13-9 Quarter of Marriage by Current Marital Status

Frequency Table of maritd status by quarter of first marriage 1980
Percent
Row Pct
Col Pct Never Married Quarter 1| Quarter 2| Quarter 3| Quarter 4{ Total
Married 0 64305 103063 102821 83164 353353
Spouse 0 10.42 16.69 16.65 1347 57.23
Present 0 18.2 29.17 29.1 23.54
0 80.41 82.15 83.08 82.08
Married 0 1085 1340 1174 1122 4721
Spouse 0 0.18 0.22 0.19 0.18 0.76
Absent 0 22.98 28.38 24.87 23.77
0 1.36 1.07 0.95 1.11
Separated 0 3448 4718 4502 3925 16593
0 0.56 0.76 0.73 0.64 2.69
0 20.78 28.43 27.13 23.65
0 4.31 3.76 3.64 3.87
Divorced 0 8782 13019 12232 10386 44419
0 1.42 2.11 1.98 1.68 7.19
0 19.77 29.31] 27.54 23.38
0 10.98 10.38 0.88 10.25
Widowed 0 2354 3315 3038 2725 11432
0 0.38 0.54 0.49 0.44 1.85
0 20.59 29 26.57 23.84
0 2.94 2.64 2.45 2.69
Never 186890 0 0 0 0| 186890
Married 30.27 0 0 0 0 30.27
100 0 0 0 0
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100 0 0 0 0
Total 186890 79974 125455 123767 101322 617408
30.27 12.95 20.32 20.05 16.41 100
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Table 13-10 Quarter of Marriage by Birth Status 1980

Frequency Table of Observed Birth by Quarter of First Marriage 1980

Percent

Row Pct  Never Quarter Quarter Quarter Quarter

Cal Pct Married |1 2 3 4 Totd

NoBirth 193276 |75587 118228 (116181  |95614 598886
30.57 11.96 18.7 18.38 15.12 94.73
32.27 12.62 19.74 194 15.97
97.89 93.56 93.33 92.95 93.46

Birth 4165 5203 8447 8806 6692 33313
0.66 0.82 1.34 1.39 1.06 5.27
12.50 15.62 25.36 26.43 20.09
2.11 6.44 6.67 7.05 6.54

Tota 197441 (80790 126675 (124987 |102306 (632199
31.23 12.78 20.04 19.77 16.18 100
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Table 13-11 Quarter of Marriage by Number of Times Married 1980

Frequency Table of Marriage number by quarter of first marriage 1980
Percent
Row Pct  Never Quarter Quarter Quarter Quarter
Col Pct Married 1 2 3 4 Totd
N/A 187948 0 0 0 0 187948
30.59 0 0 0 0 30.59
100 0 0 0 0
100 0 0 0 0
Married O 66058 105488 105512 85396 362454
Once 0 10.75 17.17 17.17 139 58.98
0 18.23 29.1 29.11 23.56
0 83.42 84.84 85.98 85.13
Married O 13128 18846 17199 14917 64090
Twice 0 2.14 3.07 2.8 243 10.43
orMore O 20.48 29.41 26.84 23.28
0 16.58 15.16 14.02 14.87
Totd 187948 79186 124334 122711 100313 614492
30.59 12.89 20.23 19.97 16.32 100
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Chapter 21 Frequency Table for Gender of Children

Table 13-12 Gender of Children by Birth Status 1980

Frequency First Two Children Same Gender by

Observed

Percent Birth
Row Pct
Cal Pct No Birth  |Birth Totd
Firs Two 120142 4559 124701
Children 56.57 2.15 58.71
not Same 96.34 3.66
Gender 59.02 51.57
Firgt two 83410 4282 87692
Children 39.27 2.02 41.29
Same 95.12 4.88
Gender 40.98 48.43
Totd 203552 8841 212393

95.84 26.54 100.00
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Chapter 22 Appendix B: LIFT Base Tables

Table 13-13 Base LIFT Macroeconomic Summary

6
Monetary Base, StL. (bil $) 504.2

Three month T-bills, % 6.0
10-year note rate, % 6.9
Foreign Indicators

U.S/Foreign Price levels 1.7
U.S. —foreignred int. rate 0.0

Avg foreign demand for US  399.4
exp

Average effective reative prices
Exports, US/foreign 96.4
(1977=100)

7 9 1 0

1996 2000 2010 2015 2020 2030 2040 2050
Potentiad GNP, bil 77% 3104. 3288.9 3893.24224. 4537.55181.55873.5 6691.2
0 5
Gross Domestic Product,bil  3206. 3304.7 3912.6 4226. 4519.95155.0 5829.8 6595.6
77$ 6 8
Components, bil 77%
Persona consumption 2198. 2221.9 2490.7 2664. 2815.43199.2 3632.5 4156.3
4 0
Fixed invesment 600.2 652.2 907.41023. 1145.81435.31754.5 2134.3
7
Exports 4935 546.0 769.2 868.7 943.51041.51133.8 1215.8
Imports 624.8 669.0 856.6 941.8 1011.31178.21376.4 1624.7
Federd government 184.8 184.8 184.8 184.8 184.8 184.8 184.8 184.8
State & local gov. 330.9 3520 397.7 4105 424.3 453.8 480.6 506.4
Price Leve and Inflation Indicators
GNP deflator (77=100) 246.9 2709 367.4 427.6 501.3 686.0 930.2 1256.6
PCE deflator (77=100) 324.7 363.6 513.2 606.2 721.71007.31378.3 1862.2
Avg Hourly compensation  275.0 315.1 4555 552.2 672.9 992.8 1457.7 2138.5
Private Labor Productivity  141.8 146.7 163.2 171.8 181.2 200.2 2214 245.4
GNP Gap, % of potentid  103.3 100.5 100.5 100.1 996 995 99.3 986
Employment Indicators
Totd jobs, mil 133.7 1340 1448 1488 1510 1564 160.8 1649
Labor force, mil 1339 1355 146.7 150.2 1525 157.7 1625 166.7
Unemployment rate, % 4.7 52 61 59 60 58 59 6.0
Financid Indicators
M2 (bil $) 4314. 5027.8 7644.2 9521. 11737. 17617. 26247. 39234.

1

630.7 1101.2 1448. 1879.8 3093.3 4982.3 7938.5

4.4
5.4

17

-0.7
481.8

98.9

7
56 57 58 58 59
6.5 6.7 68 70 72
18 19 19 21 22
-01 -01 -01 00 01
774.7 893.9 963.41062.7 1165.5
978 973 959 952 956

5.9
7.4

2.3

0.1
1268.3

96.9
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Imports, foreign/US
(1977=100)

Exchange rate scaler
Red digposable income

Savings rate, pct
Federd surplus, bil $

Reative to GNP
Factor Payments
Labor compensation
Net interest

Corporate profits

Proprietor income
Depreciation

91.6

1.0
1721.

4.6

107.1
-14

4463.

435.0

652.9

511.9
535.1

884 877 877 886 892 888 876

1.0 1.0 11 11 11 1.2 1.2

1715.9 1949.2 2089. 2209.12512.3 2856.2 3261.3
4

29 43 44 4.4 4.5 4.5 4.0

81.8 1719 233.8 324.2 510.8 660.2 955.7

09 12 13 14 14 12 1.2

5106.6 8166.3 10287 12833. 19713. 29546. 44024.

i 0 7 3 2

524.0 974.81277. 1667.52761.44417.8 6972.8
0

751.8 1152.6 1436. 1817.92976.4 4890.9 8000.6
0

536.5 708.3 840.0 1029.91693.2 2842.5 4804.0

615.0 1092.7 1405. 1795.7 2834.7 4409.6 6832.5
2
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Table 13-14 Base LIFT Employment and Population

Avg annud hrs per
employee

private

(GNP-GOVT COE) / Prvt

1856.9 1859.4 1849.7

LABOR PRODUCTIVITY -

142 147 16.3

1996 2000 2010 2015 2020 2030 2040 2050
Unemployment rate 4.7 52 6.1 5.9 6 5.8 5.9 6
Unemployed (millions) 6.3 71 89 89 91 91 9.7 10
Civilian jobs (millions) 133.7 134 1448 1488 151 1564 160.8 164.9
Private 112.8 112 1205 124 1256 130 1336 137
Agric,Mining,Structures 111 111 121 124 127 134 141 149
Durable goods 109 106 113 115 117 118 118 118
manufacturing
Non-durable goods mfg 7.5 7.2 6.9 6.8 6.6 6.1 57 54
Trangp,Communic,Utilities 6.9 66 67 6.7 66 65 64 6.3
Trade 298 293 312 323 328 342 3H5 369
Finance,Insurance,Red 7.6 78 87 89 9 92 95 99
Edtate
Hedth 106 105 108 109 106 107 105 98
Other services (w educ) 271 276 315 332 344 369 39 41
Domedtic servants 1.3 13 13 1.2 12 12 11 11
Civilian gov't. 20.9 22 243 248 253 264 272 279
Federd defense 0.8 08 08 08 08 08 08 08
Federa non-defense 14 14 14 14 14 14 14 14
State & loca education 9.7 106 124 126 129 135 14 144
State & locd hedth 1.7 17 16 1.6 16 15 14 12
State & local other 54 55 6 6.3 6.5 7 74 1.7
Federal govt enterprises 1 11 11 1.1 1.2 13 1.3 1.4
State & locd govt 1 1 1 1 1 1 1 1
enterprises
Multiple job holders 6 56 71 74 75 7.8 8 82
Military jobs 21 21 21 21 21 21 21 21
Annua hoursworked
Private sector  (billions) 206.9 2058 220.6 227.4 2313 2404 2475 254

1853 1859.4 1866.6 1867.7 1868.6

172 181 20 221

24.5
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Table 13-15 Employment and Population Base Demographic Results

Employment and
Population

1996 2000 2010 2015 2020 2030 2040 2050
Population, totd (in 265.6 275 2969 3076 318 3364 350.6 362
millions)
0-4 years 196 195 197 202 206 20.7 21 211
5-14 years 385 395 397 399 409 423 426 431
15-19 years 183 193 207 205 203 213 217 219
20-29 years 37.1 37 405 42 426 425 444 45
30-39 years 438 415 385 399 419 441 439 459
40-49 years 39.2 423 413 386 385 419 44 44
50-64 years 362 413 572 614 606 559 594 637
65-74 years 188 181 209 259 312 366 329 348
75-84 years 114 123 127 129 151 231 276 255
85-100 years 37 42 56 61 63 8 13 17.1
Totd Fertility Rate 2053.52046.3 2006.4 1997.21975.1 1954.6 1923.3 1883.

3

Households 99.3 101.7 110 116.6 1238 136.8 143.7 150.2
% head aged 25-35 202 204 217 22 219 22 225 227
% with 2 earners 05 05 05 06 06 0.5 05 05
Population Age (16-85) 1955 2035 2229 2323 241 2551 263.6 270.3
Teenagers 16-19 142 153 163 16.2 16 167 171 17.2
Men, 20-64 741 775 851 873 882 838 925 96
Women, 20-64 78 813 891 0912 92 921 957 99
Men, 65-84 124 126 144 17 206 268 275 281
Women, 65-84 16.7 167 179 205 243 308 307 30
Civilian Labor Force, 1339 1355 146.7 150.2 1525 157.7 1625 166.7
millions
Teenagers 16-19 78 74 78 77 16 7.9 81 81
Men, 20-64 65.8 66.9 72 733 738 75 779 80.1
Women, 20-64 565 575 62 632 638 649 673 69.1
Men, 65-84 22 22 29 36 45 5.9 56 59
Women, 65-84 16 14 19 23 29 39 35 36
Labor Force Participation Rates
Teenagers, 16-19 549 484 476 477 475 475 472 46.9
Men, 20-64 888 863 84.6 84 836 845 842 835
Women, 20-64 725 707 696 693 694 705 703 69.8
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Men, 65-84 18 177 203 213 218 221 204 208
Women, 65-84 95 86 105 114 118 126 114 119
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Table 13-16 Red Wages and Salaries and Proprietor Income per Hour, 94 $ per hour

1996 2000 2010 2015 2020 2030 2040 2050
All Private Indudtries 14 139 147 151 153 157 165 17.6
1 Farm & agriculturd 116 115 106 10.7 108 116 121 128
services
2Crudepetrol. & nat.gas 253 20.8 19.7 196 196 201 208 222
3Mining 208 206 229 232 235 242 254 273
4 Contract congtruction 154 163 169 168 16.6 16 17.2 188
5 Food & tobacco 145 141 1438 15 151 153 161 174
6 Textile mill products 10.7 108 111 112 112 113 12 129
7 Appard and related 9.7 97 9.9 10 10 99 105 113
product
8 Peper and dlied products  17.2 168 175 177 178 183 192 20.7
9 Printing and publishing 169 16 158 159 159 161 171 184
10 Chemicd & dlied 279 219 223 226 229 24 252 269
product
11 Petroleum & related 248 215 232 235 235 238 25 26.8
ind.
12 Rubber & misc plagtic 15.3 15 154 155 155 155 164 177
13 Leather and | eather 9.2 108 11 111 111 113 119 129
14 Lumber & wood 14.1 12 125 125 125 125 131 14
products,
15 Furniture and fixtures 119 119 121 123 123 125 131 14.1
16 Stone, clay, & glass 146 143 149 151 151 152 16 17.2
17 Primary metd indudtries 16 151 167 169 167 162 171 185
18 Metd products 148 157 165 167 167 16.7 17.6 19.1
19 Transeq + ord ex 215 192 198 20 199 201 211 226
motor
20 Machinery, excpt 182 182 188 191 192 197 20.7 222
electrica
21 Electricd machinery 154 164 16 16.1 16 16 172 186
22 Motor vehicles and 21.6 17 178 177 174 169 174 185
equip.
23 Ingrumentsandrelated 295 249 248 25 254 27 281 297
24 Misc. manufacturing 133 132 134 135 136 138 147 159
ind.
25 Railroads 20.3 19 201 202 202 208 218 233
26 Air transportation 26.6 193 21 212 213 212 225 244
27 Trucking and other 128 138 145 146 145 142 151 16.3
trans.
28 Communicaions 265 197 212 214 216 222 233 25
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30 Electric, gas, and 208 20.1 206 20.8 21 219 23 24.6
sanitary

31 Wholesde and retail 127 122 117 116 115 113 114 116
trade

32 Financid & insurance 247 203 19.7 20 202 215 226 241
V.

33 Red edtate & 105 114 12 122 124 131 138 14.7
combinations

34 Persond, repair, & 11.1 106 104 105 106 111 116 125
hotdls

35 Business services 21.7 217 20.7 209 21 222 231 244
36 Auto repair 124 132 135 137 139 145 154 165
37 Recreation, motion 19 175 179 181 184 199 209 224
pictures

38 Educationd services 108 114 111 113 112 112 121 132
51 Hedlth services 213 248 318 359 397 458 556 70.1
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Table 13-17 Output by Aggregate Industry (billions of 1977%)

1996 2000 2010 2015 2020 2030 2040 2050

Tota Output 5782.2 6024.9 7381.6 8031.6 8636.3 9931.2 11309 12869
Agricultureforedry fishery 189.4 1923 2137 2245 2351 2564 277.7 300.6
Mining 822 822 93 103 1119 129 146.3 164.3
Congtruction 202.3 2074 240.7 256.1 269.5 301.3 3335 368.1

Nondurables manufacturing  935.4 969.7 1165.3 1256.8 1338.8 1497.2 1655.2 1819.9
Durables manufacturing 1063.7 1118.4 1508.6 1702.4 1889.1 2273.9 2682.9 3145.4

Trangportation 2288 2412 3071 337 3632 4184 4775 5451
Utilities 353.1 368.8 4444 477.6 5078 5727 641.8 721.1
Trade 842.5 882.3 1091.9 1197.7 1293 1510.7 1755.3 2047.2

Finance, insurance, red 643.6 661.9 7789 829.1 877.2 988.2 1113.5 1262.2
estate

Services, nonmedical 714.8 751.2 931.7 1014.3 1089 1260.8 1450.4 1675.2
Medical Services 209.6 216.7 2485 2699 290.6 3351 374.9 405.2
Miscellaneous 316.5 333 3579 3632 3711 3874 400 414.9
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Table 13-18 Jobs by Aggregate Industry (millions)

1996 2000 2010 2015 2020 2030 2040 2050
Cvilian jobs 133.7 134 1448 1488 151 1564 160.8 164.9
Private sector jobs 1128 112 1205 124 1256 130 1336 137
Agriculture, forestry, 34 32 3 29 2.8 2.6 24 2.3
fisheries
Mining 06 06 06 06 06 07 07 0.7
Congtruction 7.1 7.3 8.4 8.9 9.2 101 11 119
Nondurables 78 75 72 71 68 64 59 5.5
manufacturing
Durables manufacturing 112 109 116 118 119 119 119 119
Transportation 4.4 44 4.7 4.8 49 49 5 5.1
Utilities 25 23 2 1.9 1.7 15 14 1.3
Trade 298 2903 312 323 328 342 3H5 369
Finance, insurance, red 7.6 7.8 8.7 8.9 9 9.2 9.5 9.9
edate
Services, nonmedical 284 289 328 345 356 38 401 421
Medicd services 10 10 103 104 102 103 101 9.5
Civilian Government 20.9 22 243 248 253 264 272 279

Table 13-19 Wage and Sdary Income by Aggregate Industry (Billions of $)

1996

2000 2010 2015 2020 2030 2040 2050

All Indudtries

Farm & agriculturd
services

Mining

Contract construction
Durable manufacturing

Trangportation
Utilities

Nondurable manufacturing

Wholesae and retail trade

3674.9 4072.6 6467.2 8043.4 9835.5 14580 21600 31963

34.5

27.6
172.2
259
416.1
124.8
106.3
592.4

296 385 451 532 747 993 133

275 409 508 623 925 1357 2019
206.2 342.7 4298 526.7 774.3 1232.4 1964.5
2669 3772 4414 508.7 669.4 892.6 1202.9
436.2 6749 8185 982.8 1392.5 2006.6 2914.2
130.4 208.1 253.1 300.7 4149 606.6 898.6
103.8 134.1 1494 1669 2125 2731 360.2
656.8 1018.4 1275.7 1570.1 2380 3599.7 5467,
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Finance, insurance, red
estate

Services, non-medical
Health services
Government

Federd generd administ.

State & loca generd
admin.
Government enterprises

296.1

660.1
321.2
664.6
150.2
447.7

66.7

2939 4575 559.3 684.8 1046.1 1554.7 2335.6

736 1176.6 1498 1879.9 2978.3 4546.5 6910.6
440.1 851.3 1139.3 1439.6 2137.1 3048.4 4184.1
745.2 1147.1 1383.4 1659.8 2407.9 3604.5 5390.2
1539 2122 246.2 282.6 3789 5422 784.5
515.3 825.7 1006.5 1222.1 1809.7 2734.2 4112.8

76 109.3 130.7 1551 2193 328 493
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Chapter 23 Red Hourly Wages and Sdaiesby LIFT Industries for Alternative Simulations

Table 13-20 Real Wages and Salaries and Proprietor Income per Hour, 94 $ per hour,
Retirement Age 67 in 2014 Smulation RET67

Percentage DeviationsfromBase 2010 2015 2020 2030 2040 2050

All Private Indudtries 00 01 01 -02 00 -02
1 Farm & agriculturd services o4 16 17 -03 -02 -04
2 Crude petrol. & nat. gas 05 24 19 -07 -06 -11
3 Mining 05 22 18 -07 -06 -12
4 Contract congtruction -02 -11 -15 -05 -04 -0.7
5 Food & tobacco 02 08 05 -05 -04 -08
6 Textile mill products -01 -02 -03 -03 -02 -04
7 Appard and related products -04 -13 -11 -01 01 -01
8 Paper and alied products 02 09 07 -04 -04 -07
9 Printing and publishing -0.2 -08 -07 -01 -01 -02

10 Chemicd and alied products 03 13 13 -03 -03 -05
11 Petroleum and related industri 04 20 16 -06 -06 -11
12 Rubber & misc plagtic -02 -05 -06 -02 -02 -04
products

13 Leather and leather products -02 -08 -07 -01 00 -01
14 Lumber & wood products,ex 02 08 05 -04 -03 -06

furn
15 Furniture and fixtures -02 -05 -04 -01 00 -02
16 Stone, clay, & glass products 00 04 02 -04 -03 -07
17 Primary metd indudiries 00 06 02 -06 -05 -11
18 Metdl products -1 00 -02 -04 -03 -07
19 Trans eq + ord ex motor veh 02 08 05 -04 -04 -07
20 Machinery, except eectrical 01 06 05 -03 -03 -06
21 Electricd machinery -02 -14 -16 -02 -02 -02

22 Motor vehicles and equipment 02 10 07 -05 -04 -09
23 Instruments and related prod. 07 22 18 -04 -04 -06

24 Misc. manufacturing ind. 00 -04 -06 -03 -03 -04
25 Railroads 08 28 22 -08 -08 -12
26 Air transportation 03 13 06 -07 -07 -12
27 Trucking and other transport -0.2 -05 -07 -04 -03 -07
28 Communications 06 23 16 -08 -08 -13
30 Electric, gas, and sanitary o4 16 13 -05 -05 -08
31 Wholesde and retail trade -1 -01 02 01 03 03

32 Financid & insurance sarvices 0.2 0.7 09 -01 -01 -01
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34 Persondl, repair, & hotels
35 Business sarvices
36 Auto repair

38 Educationd sarvices
51 Hedth services

33 Red egtate & combinations off

37 Recregtion, motion pictures

0.3
0.2
0.1
0.3
-0.2
-0.8
0.0

1.2
04
0.3
1.1
-0.2
-2.9
-0.2

1.2
04
0.6
0.9
0.7
-2.5
-0.3

-0.3
-0.2
0.0
-0.4
0.1
0.2
-0.6

-0.3
-0.2
0.0
-0.3
0.3
0.3
-1.0

-0.5
-0.3
0.0
-0.6
0.3
0.3
-14

Table 13-21 Real Wages and Salaries and Proprietor Income per Hour, 94 $ per hour $500

Child Tax Credit Smulation (CTC)

Percentage Deviations from Base
All Private Indudtries

1 Farm & agriculturd services

2 Crude petrol. & nat. gas

3 Mining

4 Contract congtruction

5 Food & tobacco

6 Textile mill products

7 Appard and related products

8 Paper and alied products

9 Printing and publishing

10 Chemicd and alied products
11 Petroleum and related industri
12 Rubber & misc plastic products
13 Leather and leather products
14 Lumber & wood prod.,ex furn.
15 Furniture and fixtures

16 Stone, clay, & glass products
17 Primary metd indudiries

18 Meta products

19 Trans eg + ord ex motor veh
20 Machinery, except dectrical
21 Electricd machinery

22 Motor vehicles and equipment
23 Instruments and related prod.
24 Misc. manufacturing ind.

25 Railroads

26 Air transportation

27 Trucking and other transport
28 Communications

30 Electric, gas, and sanitary

31 Wholesde and retail trade

32 Financiad & insurance sarvices

2000
-0.1
-0.9
-1.7
-1.9

0.8
-0.6
0.0
0.7
-0.7
0.5
-0.9
-1.7
0.3
0.5
-0.6
0.2
-0.4
-1.0
-0.1
-0.5
-0.5
13
-1.0
-1.0
0.5
-1.9
-0.9
0.2
-1.6
-1.0
-0.1
-0.4

2010
-0.4
-1.6
-11
-0.8

0.8
-0.5
-0.4
-0.2
-0.9
-0.4
-14
-0.9
-0.5
-0.4
-0.4
-0.6
-0.5

0.1
-0.2
-0.9
-0.9
-0.2
-1.0
-2.0
-0.2
-14

0.2

0.5
-0.9
-1.2
-0.6
-1.6

2015
-0.5
-3.1
-2.7
-2.2

1.6
-11
-0.4

0.6
-1.6
-0.1
-2.6
-2.1
-0.3
-0.1
-0.7
-0.3
-0.8

0.1
-0.1
-1.6
-15

0.1
-1.7
-4.2
-0.5
-3.5
-0.7

1.0
-2.7
-2.5
-0.5
-2.5

2020
-0.8
-4.5
-5.3
-4.9

1.7
-2.4
-0.9

0.8
-2.9
-0.1
-4.0
-4.6
-0.6
-0.1
-1.7
-0.6
-1.9
-1.8
-1.0
-2.8
-2.5

1.0
-3.6
-5.7
-0.5
-6.0
-2.5

0.4
-5.1
-4.2
-0.6
-3.1

2030
-11
-4.4
-3.4
-2.6

21
-1.8
-14
-0.8
-2.5
-14
-3.8
-2.6
-15
-1.3
-0.4
-1.7
-1.6
-0.1
-0.8
-2.6
-2.5
-0.7
-2.8
-5.1
-1.0
-3.8
-0.5

0.6
-2.8
-3.3
-0.8
-4.1

2040
-1.7
-5.2
-3.7
-2.8

1.9
-2.3
-2.2
-1.9
-3.1
-2.4
-4.5
-2.9
-2.4
-2.3

0.0
-2.7
-2.3
-0.4
-15
-3.3
-3.2
-1.8
-3.6
-6.0
-1.8
-4.0
-0.6

0.1
-3.1
-3.9
-0.3
-5.1

2050
-2.4
-5.9
-3.3
-2.4

1.7
-2.6
-3.2
-3.3
-3.5
-3.7
-5.1
-2.6
-3.5
-3.6

0.8
-4.0
-2.8
-0.3
-2.1
-3.8
-3.9
-3.1
-4.0
-6.4
-2.6
-3.7
-0.2
-0.5
-2.5
-4.2

0.5
-6.3
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33 Red edate & combinations off
34 Persondl, repair, & hotels

35 Business sarvices

36 Auto repair

37 Recregtion, motion pictures
38 Educationd services

51 Hedth services

-0.8
-0.2
-0.2
-0.7
-0.1

2.0

0.1

-11
-0.8
-15
-0.7
-15

0.5
-0.5

-2.3
-15
-2.1
-1.6
-0.8

21
-0.7

-3.5
-1.9
-2.4
-2.8
-1.0

39
-0.8

-3.4
-2.5
-3.8
-2.3
-3.2

0.9
-1.1

-4.2
-3.4
-4.9
-2.7
-3.9
-0.5
-1.8

-4.9
-4.3
-6.3
-3.1
-5.7
-2.6
-2.8

Table 13-22 Real Wages and Salaries and Proprietor Income per Hour, 94 $ per hour $500
Child Tax Credit Smulation Surplus Neutra

Percentage DevidionsfromBase 2000 2010 2015 2020 2030 2040 2050
All Private Industries -0.1 -04 -05 -07 -07 -08 -0.9
1 Farm & agricultura services -09 -16 -33 -46 -42 -44 -41
2 Crude petrol. & nat. gas -16 -11 -30 -63 -38 -37 -21
3 Mining -7 -08 -25 -59 -32 -30 -13
4 Contract congtruction 08 08 14 14 20 22 29
5 Food & tobacco -06 -05 -13 -29 -18 -17 -09
6 Textile mill products o0 -05 -03 -09 -10 -12 -13
7 Apparel and related products 06 -03 07 12 00 -05 -13
8 Paper and alied products -0 -09 -17 -33 -24 -24 -17
9 Printing and publishing o5 -05 -01 02 -07 -11 -16
10 Chemicd and dlied products -09 -15 -27 -42 -36 -37 -33
11 Petroleum and related industri -16 -09 -23 55 -31 -29 -14
12 Rubber & misc plagtic 03 -05 -02 -05 -09 -12 -14
products
13 Leather and leather products o4 -04 00 03 -06 -10 -16
14 Lumber & wood products,ex -06 -03 -08 -22 -06 02 19
furn
15 Furniture and fixtures 02 -06 -02 -04 -11 -15 -20
16 Stone, clay, & glass products -04 -05 -09 -23 -15 -16 -11
17 Primary metd indudtries -08 01 00 -26 -06 -05 06
18 Meta products -0.1 -02 -02 -13 -07 -08 -04
20 Machinery, except eectrical -04 -09 -16 -28 -23 -24 -20
21 Electricd machinery 12 -02 00 14 02 -01 -04
22 Motor vehicles and equipment -09 -10 -18 -43 -30 -33 -25
23 Instruments and related prod. -10 -21 -45 -61 -50 -51 -43
24 Misc. manufacturing ind. 05 -02 -06 -04 -06 -07 -05
25 Railroads -1.7 -14 -39 -71 -42 -38 -19
26 Air transportation -08 02 -11 -34 -10 -07 10
27 Trucking and other transport 02 05 10 01 08 07 10
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28 Communications

30 Electric, gas, and sanitary

31 Wholesde and retail trade

32 Financid & insurance sarvices
33 Red edate & combinations off
34 Persondl, repair, & hotels

35 Business sarvices

36 Auto repair

37 Recregtion, motion pictures
38 Educationd services

51 Hedth services

-14
-1.0
-0.1
-0.4
-0.8
-0.2
-0.2
-0.7
-0.2

18

0.1

-0.9
-1.2
-0.6
-1.6
-11
-0.8
-1.5
-0.7
-1.5

04
-0.5

-3.1
-2.7
-0.4
-2.5
-2.4
-1.6
-2.1
-1.7
-0.3

24
-0.8

-6.3
-4.8
-0.3
-2.9
-3.6
-1.8
-2.0
-3.1
-0.3

5.0
-0.8

-3.4
-3.4
-0.2
-3.4
-3.2
-2.1
-3.0
-2.2
-2.1

2.3
-0.8

-3.1
-3.3

0.7
-3.7
-3.3
-2.3
-3.4
-2.2
-2.2

1.7
-0.4

-1.0
-2.3

1.7
-4.1
-3.0
-2.3
-4.2
-1.6
-3.6

0.0

0.6
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Table 13-23 Red Wages, Sdaries and Proprietor Income per Hour, 94 $ per hour $500 Child
Tax Credit Smulation Half EITC parameter

Percentage DeviationsfromBase 2000 2010 2015 2020 2030 2040 2050

All Private Indudtries o0 -01 -02 -05 -07 -09 -12
1 Farm & agricultura services -04 -06 -12 -23 -21 -19 -19
2 Crude petrol. & nat. gas -09 -02 -02 -26 -20 -14 -11
3 Mining -10 -01 01 -23 -17 -12 -08
4 Contract construction 03 05 10 09 04 -01 -04
5 Food & tobacco -03 -01 00 -12 -12 -12 -13
6 Textile mill products 1 -01 -01 -04 -10 -13 -19
7 Apparel and related products o4 -01 00 04 -06 -14 -23
8 Paper and alied products -04 -02 -03 -15 -15 -14 -16
9 Printing and publishing 03 -02 -03 -01 -09 -15 -22

10 Chemicd and alied products -04 -06 -09 -20 -19 -18 -19

11 Petroleum and related industri -09 -01 00 -22 -17 -12 -09

12 Rubber & misc plagtic 02 -02 -02 -03 -09 -15 -21
products

13 Leather and leather products 03 -02 -03 00 -08 -14 -21

14 Lumber & wood products,ex -03 00 00 -08 -06 -01 03
furn

15 Furniture and fixtures 02 -03 -03 -03 -10 -15 -22
16 Stone, clay, & glass products -02 -01 00 -09 -11 -13 -15
17 Primary metd indudtries -04 03 10 -07 -08 -07 -0.8
18 Meta products -0 01 03 -05 -08 -11 -15
19 Trans eq + ord ex motor veh -03 -03 -03 -14 -15 -16 -18
20 Machinery, except eectrical -02 -03 -04 -13 -14 -15 -18
21 Electricd machinery o5 -01 -04 03 -05 -14 -21

22 Motor vehiclesand equipment -04 -02 -01 -16 -1.8 -18 -19
23 Instruments and related prod. -0 -08 -15 -30 -24 -22 -20

24 Misc. manufacturing ind. 01 00 -02 -04 -07 -12 -16
25 Railroads -10 -03 -06 -31 -21 -15 -10
26 Air transportation -06 04 07 -13 -08 -06 -04
27 Trucking and other transport 02 04 08 02 -03 -06 -11
28 Communications -09 -01 -01 -26 -18 -13 -08
30 Electric, gas, and sanitary -06 -04 -06 -22 -18 -16 -16
31 Wholesdle and retall trade 01 -03 -04 -03 -04 -01 03

32 Financid & insurance sarvices -01 -08 -13 -16 -18 -20 -24
33 Red estate & combinationsoff -04 -04 -09 -18 -17 -16 -18

34 Persondl, repair, & hotels -0 -03 -08 -11 -13 -15 -19
35 Business sarvices -01 -08 -13 -13 -17 -20 -25
36 Auto repair -03 -02 -04 -14 -13 -12 -1.2
37 Recregtion, motion pictures 62 -10 -14 -03 -13 -15 -23
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38 Educationd sarvices
51 Hedth services

1.0
0.1

0.0
-0.2

0.1
-0.4

1.9
-0.6

0.3
-0.9

-11
-1.2

-2.4
-1.8
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Chapter 24 Appendix C: Wage digtribution by Age from 1990 PUM S

Table 13-24 Age digtribution of mean hourly wage rate and mean household income by gender
and marita satus

Mde Femde
Age Snge  Maried |Snge  Married
Mean Hourly Wage
teen 5.83 6.89 5.39 5.22
20 9.05 11.03 8.14 8.63
30-45 1393 16.73] 1227 10.96
45-60 1650 2044 1225 1114
60 1678 2292 1192 1094
70+ 2781 3222 1350 16.10
Mean Household Income ($1000)"
teen 4550 2242 4451 2324
20-30 4517 3397 3952 36.21
30-45 3954 49.09f 3165 5150
45-60 3825 5792 3016 55.78
60 2860 4229 2319 3854
70+ 2389 3150, 20.12 3042

* Mean household income for single teens reflects the
income of parents.
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Chapter 25 Appendix D: Time Series Fertility Specification

Chapter 26
Table 13-25 Time Series Regression results for two specifications for Fertility of 27-year Olds
Intercept  Ln(f*/1-f*) frwage unem RBSQ

Parameter (1) 0.51 0.58 -1.41 -2.44
T-Stat 1.32 6.94 3.58 1.79 0.80
Eladticity (3) 0.73 -0.05 -0.01
Parameter (2) 0.88 0.70 -0.77 -1.26
T-Stat 8.40 7.08 3.70 1.73 0.80
Eladticity (3) 0.79 -0.06 -0.01
(1) Regression specification is Ln(fert/1-fert) = a+ b*Ln(f*/1-f*) + c*frwage +
d*unem. (2) Regression specification isis Ln(fert®?*/1-fert®*) = a+ b*Ln(f* **/1-
+92%) + c*frwage + d*unem. (3) Elagticity isthe dagticity of the fertility rate with
respect to the independent variable.

Table 13-25 shows the results of two different specifications for the time-series
regression of fertility of 27 year olds. The first specification is the same as the one reported in
chapter 5. The second specification adjusts the dependent and the f* variable by taking the
fourth root. The possible advantage of taking the fourth root is that the equation is centered
about 0.5. The table shows that there is no difference in the adjusted R-Square, and little

difference in the eadticity of fertility with respect to the independent variables.
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