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Abstract

Cointegration methods suitable for estimation and testing with nongtationary data are gpplied to U.S.
time series data on age-specific fertility rates, female [abor force participation rates, women's wages,
and mae relative incomes. Likelihood ratio tests indicate the existence of two cointegrating relations

that are identified as afertility equation and alabor supply equation, respectively. EStimated long run
relations and short run dynamics are consstent with economic models of fertility and female labor

market behavior.
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1. Introduction.

Modedls of fertility based on economic theories of behavior have been subjected to rigorous
conceptud and empirica scrutiny (see Olsen, 1994, and Macunovich, 1996a, for surveys and Murphy,
1992, and Smith ,1981, for critica reviews). Advances in survey data sets and Satistica methods
suitable for microdata analys's have fostered a flowering of household fertility studies (Hotz, Klerman,
and Willis, 1997). At the same time, however, most empirica analyss of aggregate fertility patterns has
relied on traditiond regresson methods, with little influence from recent developmentsin multiple time
series methods appropriate for nongtationary variables.

Although important theoretical propositions are testable with individua data, understanding of
trends and patterns in fertility behavior at the societd leve requires aggregate andyss (Ryder, 1980).
Possible determinants of fertility, such astotd unemployment rates, may not vary across a sample of
individuds, requiring the evauation of their impacts with aggregate time series data. The aggregeation of
individud effects to make statements about totd fertility is dso problematic, as the compostion of the
population changes over time. Some effects that are measured a the individua level may reflect
changesinindividuds postionswithin a society, and these effects will not be present a the societal
leve. Alternatively, socia contagion may induce behavioral changes across a population that are not
reflected in individua differences.

Andysis of aggregate time series data has its own considerable chdlenges. Aggregates, such as
totd fertility rates, reflect both the level of age-specific fertility and its timing, whereas the andlys's of
age-specific rates alows these effects to be disentangled. Fertility and its determinants are mogt likely

nongationary time series that trend or drift persstently away from their initid vaues. Such



nongtationarity may undermine classcad estimation and inference with traditional regression procedures,
leading to spurious inferences about relations among variables. Furthermore, the principa determinants
of fertility, e.g., women’ swages, female [abor force participation, husband’ s incomes, are quite possibly
endogenoudy determined in conjunction with fertility decisons. This problem of endogenous regressors
can undermine the identifiability of the fertility model, rendering the relaions unestimable. Even if the
relations are identified, the problem of endogenous regressors leads to inconsistent least squares
estimators of model parameters.

The objective of this paper isto revigt asmple economic mode of fertility, employing
contemporary time series methods that are suitable for the challenges described. In particular,
esimation and testing is performed within the cointegration model of Johansen (1995) thet is
gopropriate for anayzing relaions between nongtationary time series. Cointegration exists when there
are one or more stationary linear relations among a set of nongtationary variables. Johansen's
procedure alows the empirical determination of the number of sationary reations, and produces
maximum likelihood estimators of the parameters of these relations. Subject to vdid identifying
restrictions, these estimators are consistent even in the presence of endogenous explanatory variables.
Furthermore, these estimators are governed by asymptotic normd digtributions, permitting vaid
datigticd inference with conventiond test gatistics. Findly, to capture information on both the level and
timing of fertility, the andysisis gpplied to two age-specific fertility rates covering the prime childbearing

years of U.S. women.



2. Empiricd Economic Studies of Fertility with Aggregete Data.

Economic modds of fertility are grounded in either Eagterlin’s (1980b) relative income
hypothesis or the New Home Economics (NHE) of Becker (1981) and Willis (1973). The former
theory emphasizes the role of male incomes, relative to economic aspirations, as the driving force
behind fertility and femde labor force participation. Economic aspirations of young adults are
determined by materid conditions prevailing in their parentd homes during their teenage years, when
their parents would be close to their prime in earnings capacity. An increase in relative income shifts
preferencesin favor of childbearing and away from labor force activity by young adult women.

In the full Eagterlin mode relative income is determined by the Sze of the young adult cohort
relative to that of prime aged adults, both measured contemporaneoudy (Eagterlin 1980a). An unusudly
large cohort of young adults faces competition from their peersin education and employment

opportunities, with adverse consequences for their earnings. At the same time the earnings of their



for child services, assuming such services are anorma good. Becker hypothesizes thet child services
have both qudity and a quantity dimensions, so that risng incomes need not necessarily lead to larger
desired numbers of children. Surveys of empirica studies of the NHE modd are provided by
Macunovich (1996a) and Hotz, Klerman, and Willis (1997).

Given the previous surveys of empirica studies of fertility cited above, it is unnecessary to
provide another general overview here. The objective of this section isto assess previous aggregate
Studies of economic modes of fertility from the perspective of contemporary time series andyss. This
review emphasizes the issues arisng from the nongtationarity of variables and considerations of
endogenous regressors that are characteristic of empirical studies of fertility with time series data

Numerous studies of fertility from the NHE or the relaive income perspectives employ
guestionable exogeneity assumptionsto “achieve’ identification of their modds. Femde wages are
treated as exogenous, for example, in Butz and Ward (1979), Shapiro (1988), Lee and Gan (1989),
and Winegarden (1984), often in interaction terms involving other variables. Wage rates depend upon
work experience, which isinterdependent with fertility. Consequently, the treatment of femae wages as
exogenous in these regressons raises, a aminimum, the possibility of smultaneity bias, and a worst
underidentified models

Although Mincer (1963) contends that fertility and female labor market activity should be
modeled with two separate equations, many researchers include femae |abor force participation as an
argument in ther fertility equations. Butz and Ward (1979) and Ermisch (1979, 1980), for example, use
this varigble to aggregate families with both working and nonworking women, leading to interaction

terms involving female |abor force participation rate and the other explanatory variables. Although these



researchers treat the endogeneity of female labor force participation with insrumenta variables
procedures, this variable gppears as an exogenous regressor in the fertility models of Shidds and Tracy
(1986) and Pampel (1993).

Other researchers have explicitly dedt with the endogeneity of femde labor force, women's

wages, and fertility participation with Smultaneous equations techniques that produce cong stent



A further concern with many aggregete fertility sudies is the failure to dedl with nongtationary









3. Methodol ogy.

Traditiona regressions with time series data are grounded in the implicit assumption that the
vaiablesin the modd are gationary. Heurigticdly, a stationary time series returns quickly and frequently
to its mean value (or to adeterminigtic trend line), a proposition that does not gppear to hold for the
variables common in fertility models (see Figures 1-5). A time series that must be differenced d timesis
sad to be integrated of order d, or 1(d). The order of integration is dso equd to the number of unit

roots in the stochadtic difference equation characterizing the time series.

@)

p
[¢)

X =m+a ax. +e
j=1

A series order of integration may be tested with a sequence of Dickey-Fuller (1979) tedts, as
suggested by Dickey and Pantula (1987). Theinitia hypothess of two unit rootsis tested from the
sgnificance of b in equation (2) using the critica vaues tabulated by Fuller (1996).
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Variables with differing orders of integration possess such dissmilar stochastic properties that
they are unlikely to be functiondly related to each other. Most cointegration models involve varigbles
with identica orders of integration, and testing for the number of unit roots of each time seriesisthe
logicd firg step in modding multiple time series. The remainder of this section deds with the casein
which dl variables entering the modd are I (1).

Although each varidble isindividualy nongationary, there may exist one or more linear
combinations of these varigbles that are stationary. In this case the variables are said to be cointegrated,
and these gationary linear combinations are the cointegrating equations. Let z be the nx1 vector of time
seriesin the modd, and $Nz be the r sationary linear combinations (C#r#n). Then the variablesin the

system are connected by the set of n dynamic equations, caled an error correction modd:
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Johansen presents two dternative tests for cointegrating rank based on maximum likelihood
edimation of the error correction mode. Beginning with the null hypothesis r=0, the maximum
eigenvaue satigtic tests againg the dternative that r=1, while the trace satistic tests againgt r$1. If r=0
is rgected, the next levd of cointegration is tested: r=1 againg the dternative r=2 for the maximum
eigenvalue test, and againgt r$2 for the trace Satistic. Testing continues until a given null hypothesis
cannot be rgected. Critical values for the test, which depend upon the deterministic components
included in the modd, are reported in Johansen (1995).

Once the cointegrating rank has been determined, corresponding maximum likelihood estimates
of the parameters of the r cointegrating equations are contained in the matrix $. If only one
cointegrating relaion is found, then the parameters of this equation are unique up to afactor of
proportiondity. With higher orders of cointegrating rank, identifying restrictions must be imposed to
determine the coefficients in the multiple cointegrating equations. Asin traditiona Smultaneous
equations modds, identifying redtrictions follow from underlying theory.

The maximum likelihood estimators of the coefficientsin the cointegrating equations are
asymptotically normally distributed, allowing conventiond tests of hypothes's on these parameters.
These estimators are d o cons stent, despite the possible presence of more than one endogenous
variable in each equation. The problem of smultaneity bias does not arise in cointegrating equations
because there can be no correlation between the nongtationary regressors and the stationary errors
defined by the cointegrating relaions.

The long run relations among the variables are embodied in the cointegrating equations. Their

short run dynamic responses to exogenous shocks can be examined through innovation analys's,
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showing how unanticipated shocks to each variable, or innovations, affect each of the other variablesin
the system through time. For a system of cointegrated time series, the innovation analyss may be based

on the error correction modd (4), or the unrestricted vector autoregression,

5 (©)
z=m+ad Az, +e
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Sncetheindividud eementsof ,; may be contemporaneoudy correlated, they cannot be
uniquely identified as innovations specific to each particular variable. This correlation between any pair
of disturbances represents a common component that affects the two corresponding variables
smultaneoudy. A common grategy in innovation andyssisto transform (6) to a sysem with
orthogond errors, by identifying this common component as a shock unique to one of the two varigbles.
The assignment of the common components, referred to as the ordering of the variables, should reflect
an underlying theory of causal orders among the variables in the system.

The impact of the orthogond innovations on each varigble is represented by the impulse
response functions, which show how each variable responds to a one standard deviation innovation at
0, 1, 2, ... periods following the shock. The impulse response functions are andogous to dynamic
multipliersin a system with exogenous variables. Confidence intervals can be congtructed around these
functions based on andytica gpproximations (L utkepohl, 1990) to distinguish significant responses from
inggnificant ones. The magnitudes of these responses are aso described through a decomposition of a

variable sforecast error variance into re ative contributions from each variable s innovation.
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4. Variable definitions and characterigtics.

In modeling age-specific fertility rates explanatory variables have been defined to correspond
with the ages of the women giving birth. Fertility rates were chosen to span
the ages of highest childbearing, with age divisons matching the data available on explanatory varigbles.
Congstency across variables was achieved with age categories of 20-24 and 25-34.

In the Eagterlin modd fertility and femae labor market activity are influenced by incomes of
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ratio of the population of maes 20-24 over that of males 40-49 for the younger age category, and as
the population of maes 25-34 divided by the number aged 45-54 for the older group. The older group
represents the cohort of the fathers, with the midpoints of these age interva's gpproximately one
generation older than the young maes. Age-specific resident populations of maes have been tabulated

from various numbers of the Current Population Reports, P-25 (U.S. Bureau of the Census, 1954-95)

and U.S. Bureau of the Census internet Site, “Resident Population of the United States: Estimates by
Ageand Sex.”
L abor force participation rates for women aged 20-24 and 25-34 are collected from the

Handbook of Labor Statistics (U.S. Bureau of Labor Statistics 1989), Employment and Earnings (U.S.

Bureau of Labor Statistics 1990-1991, 1997-1998), and the Statistica Abstract of the United States

(U.S. Bureau of the Census 1991-1998).

The wage seriesis congtructed from the income in 1997 dollars of year-round, full-time femae
workers, aged 20-24 and 25-34, reported in the U.S. Bureau of the Censusinternet site “ Table P-7.
Age-People by Median Income and Gender: 1947 to 1997.” By using data on year-round full-time
workers, these figures are unlikely to be confounded with welfare payments, and young women are not
likely to receive large portions of unearned income. Therefore, these data are reasonably accurate
measures of femde labor income. Dividing by 1750 hours of full time work per year (50 weeks at 35
hours per week of full time work) yields estimates of an hourly wage figure. These congtructed wage
series closaly track those constructed by Macunovich (1995) from the Current Population Survey
(CPS). Thereis one outlier in 1973 for the CPS data for younger women's wages, which does not

appear in the income based data. When this observation is removed, the correlations between the CPS
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and income based wage series are 0.97 for the 20 to 24 year olds and 0.99 for the older group.

Fertility rates are collected for women aged 20-24, 25-29, and 30-34 from Hidoricd Satidtics

of the US: Colonia Timesto 1970 (U.S. Bureau of the Census, 1975), and from Table 4 of the
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persstently over the entire period, while relative cohort size shows long periods of both rising and faling
values.

Others have questioned whether the linkage between relative cohort Size and relative incomes
has been broken, for example, due to relatively open labor markets where incipient labor shortages or
surpluses would be mitigated by migration. Examining Canadian data, Abeysinghe (1991) found thet the
association between relative cohort Size and fertility that existed until 1976 has since been broken.
Wright (1989) found evidence of Granger-causdlity running from relative cohort sze to totd fertility for
only five of the sixteen European countries examined. The results presented in Table 1 confirm for the
United States the findings of Abeysinghe for Canada, and the mgority of the European countries
investigated by Wright. Based on these results rdative cohort Sze is eiminated from the fertility model
as apossible explanatory variable.

Continuing with the unit root tests, Table 1 indicates that dl remaning series are integrated of
order one. Only femae wages for the older group is close to being stationary around atrend, with
rgjection of the unit root hypothesis for this series a the 10% leve but not a the 5% level. Concluding
that dl four variables for each age group are 1(1), traditiona regresson methods that assume stationarity
are precluded. Thereis, however, the possbility of cointegration among these variables that would
dlow further investigation of long run relaions between fertility, femae |abor force participation, femade

wages, and mae relaive incomes.
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an autoregressve specification with three lags and with dl variablesin logarithmic form. A deterministic

trend isincluded in the cointegrating equations to accommodate the differing trend characterigtics of the
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restrictions imposed, the cointegrating equations for both age groups are reported in Table 3.

For both age groups the coefficients on femade wages, mae rdative income, and the trend term
are datigticdly sgnificant, with Sgnsthat are condstent with theoretica expectations. Fertility is
inversaly related to women' s wages and positively associated with mae relative income, while the Sgns
on these coefficients in the labor supply equations are reversed. Interpreting these coefficients as long
run eadticities, the femde wage effect on fertility is substantialy larger for the younger age group (-6.0)
compared with the older category (-2.8). These estimates may be compared with Ermisch’s (1979)
totd fertility rate elasticities for Great Britain, which range between -2.81 and -3.44 in his logarithmic
modd specification.

Although these estimated e adticities seem large, they are not unreasonable rdative to the
historical changes in wages and fertility rates over the sample period. For women aged 20-24 this
estimate impliesthat afive percent risein red wages (e.g., as occurred over the decade of the 1970s) is
asociated with a 30 percent decline in the fertility rate of women in this age group. For example, taking
1970 as the base year for this caculation, a 30 percent decline in this rate would be from 0.1678 to
0.1175 children per woman (compared with the 0.1128 rate observed for 1979). The relatively large
wage eadticity for the younger group is consgtent with behavior in which young families temporarily
postpone having children when women face favorable wage offers. For women aged 25-34, further
postponement of childbearing becomes less practica for physiologica reasons, so that the response of
fertility to attractive wage conditionsis not aslarge, dthough il gatigticdly sgnificant and substantid.

Conversdly, the dadticity of fertility with respect to mae relaive income is substantidly larger

for the older age category (3.9) compared with the younger (1.9). This outcome reflects the greater
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uncertainty that younger wives face regarding the sability of their marriages, leading them to discount
the future income that may flow to their family from their husbands current income. The relative
magnitudes of the income eadticities for femae labor supply can dso be interpreted in thislight. An
increase in hushands incomes in younger families does not carry the same certainty of long run
economic support for their families as does asmilar increase to mae incomes in well established
families. Consequently, younger women reduce their labor force participation only dightly in response
to arisein maeincomes (a-1.0 percent eadticity for the 20-24 age group), while the more secure 25-
34 year old women curtall their labor supply much more sharply (with a-4.1 percent dadticity) in

response to the same percentage change in male incomes.
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Contrary to the information in the cointegrating equations, innovations in relative income do not
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Table 1. Dickey-Fuller Tests for Unit Roots
A. 20-24 year age group

Null Hypothesis
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Table 4 (continued). Variance decompositions: 20-24 age group.’

Variance Decomposition of LLF24:
Period S.E. LRI24 LWG24 LLF24 LFR24
£-3-97.”42018 0.000000 |- : 0007680 0332909
.. 0.010574 _ 0.606173
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Figure 4. Male relative income: incomes of males aged 20-24 divided by incomes of males aged
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