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In this article, several specifications of the piecewise-linear segment hazard

rate model with exponential distribution are estimated to investigate the

effect of the personal tax exemption (PTE) on married women’s birth spa-

cing. Using a sample collected from the Panel Study of Income Dynamics,

the estimation results from the hazard rate model confirm that married cou-

ples with a high PTE tend to shorten the length of the second and third birth

intervals. Furthermore, the hazard rate increases until four years after the

preceding birth and then decreases in the case of the third birth, although

this is not so for the second birth.
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1. Introduction

Since both the quantity of children born and the birth interval can influ-

ence the growth of the population, fluctuations in the fertility rate can be

decomposed into changes in the number of children per family and the

spacing between their births. The average family size in the United States

has fallen since the end of the Second World War. A change in fertility

behavior has both reshaped the generational structure of the population

and decreased the momentum of population growth, further triggering

new social concerns in such areas as employment, retirement, education,

and health services. The stable two-child norm implies that much of the

variation in the fertility rate within the United States now occurs as a

result of the timing of having children, rather than the number of children.

Hence, the timing of births can be at least as significant as parity for

understanding variations in fertility behavior.
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Variations in the timing of human reproduction may be the result of

biological or behavioral differences across the population. Differences in

fecundity because of age or heredity are unquestionably very important

determinants in the timing of births; this issue, however, goes beyond the

paradigm of economics. Given the assumption that people can control

their fertility behavior absolutely, the economic theory of household deci-

sions, which explores the link between reproductive behavior and con-

strained utility maximization, is increasingly being used to explain the

differences in human fertility behavior.

Most of the previous research and discussion in respect of the timing of

births has concentrated primarily on the significant influence of social and

biological factors, including age, parity, child mortality, cohorts, age at

marriage, race, the gender composition of children in the family, the total

fertility rate, education and the length of the preceding birth interval (e.g.,

Happel, Hill, and Low 1984; Teachman and Schollaert 1989; Maxwell

1991). Additional studies, using international data, have devoted them-

selves to examining the issue of the determinants of fertility timing (e.g.,

Newman and McCulloch 1984; Trussell et al. 1985; Heckman, Hotz, and

Walker 1985; Chang 1988). There has, therefore, been insufficient effort

on the part of researchers to explore the influence of economic factors on

the birth interval, such as the opportunity cost of raising children and

family resources (e.g., Happel, Hill, and Low 1984).

The personal tax exemption (PTE) in the United States tax system is a

subsidy for families with children that effectively lowers the direct cost of

raising children.1 According to Georgellis and Wall’s (1992) theoretical

‘‘model of fertility choice,’’ it is found that the existence of the PTE creates

an economic incentive, ceteris paribus, for a family to have more children.2

This hypothesis has been supported by many existing empirical studies (e.g.,

Whittington, Alm, and Peters 1990; Whittington 1992, 1993; Georgellis and

Wall 1992; Gohmann and Ohsfeldt 1994; Huang 2002). In addition, some

studies further support the hypothesis that the PTE provides a clear incentive

for a couple to advance the timing of births (e.g., Huang 1998a; Dickert-

Conlin and Chandra 1999).3 However, as yet there has been no discussion on

the influence of the PTE on birth spacing decisions.

The main thrust of the present study is directed at determining how the

federal-income-tax PTE affects the time interval between births. After con-

structing a simple theoretical model and using several specifications of the

piecewise-linear segment hazard rate model and Panel Study of Income

Dynamics (PSID) data, the main findings confirm that married couples with

a high PTE tend to shorten the length of the second and third birth intervals.
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The remainder of this article is organized as follows. Section 2 provides

a review of the literature on PTE–fertility relations and is followed by a

simple theoretical model describing the relationship between the PTE

and birth intervals in Section 3. Section 4 provides an introduction to the

piecewise-linear segment hazard rate model and a description of the data

and variables. The empirical results are discussed in Section 5. Finally,

the conclusions are summarized in Section 6.

2. A Review of the Literature
on PTE–Fertility Relations

Ever since Becker (1960) constructed an economic theory to analyze

human fertility behavior, an abundance of empirical evidence has been

assembled to explore the relationship between economic and demographic

factors and the demand for children (e.g., Cain and Weininger 1973; Blau

and Robins 1989; Mocan 1990).4

The first empirical study to investigate the PTE–fertility relation was a

time-series analysis conducted by Whittington, Alm, and Peters (1990).

The central finding of their article was that the real value PTE has a positive

and statistically significant effect on the national birthrate.5 In addition,

Georgellis and Wall (1992) added a quadratic variable for the real-value

PTE into the fertility regression models and obtained the diminishing mar-

ginal influence of an increase in the federal-income-tax PTE on the fertility

rate.6 Moreover, Gohmann and Ohsfeldt (1994) extended the time-series

data applied in Whittington, Alm, and Peters (1990) to the year 1988 and

added an explanatory variable for the availability of abortion to the regres-

sion models. Their empirical results further support the conclusion that the

PTE does have a positive effect on the fertility rate.

A number of panel studies have indeed been undertaken to test the same

hypothesis. Whittington (1992) employed the PSID data to show that an

increase in a specific family’s real-value PTE increases the likelihood that

they will have an additional child. However, Whittington (1993) did not

support the hypothesis that state-income-tax PTE could positively affect fer-

tility behavior. Recently, Huang (2002) used Taiwan’s county-level panel

data to suggest that the value of PTE has a positive and statistically signifi-

cant effect on the general fertility rate in Taiwan. Nevertheless, the cost to

the government to induce a single additional birth would be very high.

The value of the PTE can affect the decision not only of whether to

have children but also when to have them. Huang (1998a) used a sample
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from the PSID and an empirical model to propose that families with a high

real-value PTE are more likely to reschedule the timing of a birth from the

first two months of the year to the last two months of the previous year. In

addition, Dickert-Conlin and Chandra (1999) showed that the tax benefit

has a positive effect on people’s propensity to give birth in the last week

of December, rather than the first week of January.

Although the positive role played by the PTE in fertility behavior has

been confirmed by many studies, how the PTE affects the birth interval

has not yet been investigated. In what follows, a simple theoretical model

will first be constructed, and later a hazard model will be used to examine

the influence of the PTE on married women’s birth intervals.

3. A Simple Model of PTE and Birth
Intervals Relations

It is difficult to use economic theory to explore the influence of the

PTE on birth intervals based on the existing approach to the economic

modeling of childbirth timing that consists of static lifecycle models

constructed by Happel, Hill, and Low (1984) and dynamic fertility models

established by Cigno and Ermisch (1989).7 However, the properties of the

PTE as well as the child benefit, defined as a lump-sum transfer per child

paid by the government in Cigno and Ermisch (1989), are quite different

because the PTE differs for families with different marginal tax rates. The

value of the PTE for a specific family has been defined, in Whittington,

Alm, and Peters (1990), as the product of the statutory value PTE (denoted

as E) and the couple’s marginal tax rate (denoted as tr):

PTE=E× tr: ð1Þ

This value represents the total reduction (with the associated tax benefit) in

the cost of raising a child.8 It varies across families as a result of differing

marginal tax rates within different families. Hence, the PTE is not a lump-

sum subsidy related to the cost of having children, and using the theoretical

model that appears in Cigno and Ermisch (1989) may be inappropriate.

This study constructs a simple theoretical model in the spirit of Model C

in Razin (1980) to illustrate the relationship between the PTE and the length

of the interval between births. A household welfare function is presented as

a function of the parents’ consumption, the number of children, and the

quality of children defined as the total amount of time that the mother

spends caring for her children.9 This total amount of time equals the product
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of the time interval between births and the proportion of time during the

childrearing period that the mother works at home, and leisure is treated as

an exogenous variable. In addition, it is assumed that the age of the mother

at the last birth will be equal to her expected latest fertile age and that there

is no pre-birth working period. Moreover, to make the birth interval a

choice variable, it has to be assumed that the mother works at home full-

time during the entire childrearing period.

The household’s problem is to choose optimal choice variables, includ-

ing consumption, the number of children and the birth intervals, subject to

the parents’ lifetime budget constraint, to maximize its welfare function.

Lifetime family earnings include the husband’s earnings, other sources of

family income, and the wife’s earnings during the post-childrearing period.

The other constraint is that the difference between the age of the mother at

the final birth and her age at the first birth equals the total duration of

previous (N− 1) births.

First, the utility maximization problem is as follows:

Max
G, B, S

UðG, B, SÞ

s.t. G+ ðC−E× trÞ×B= ð1− trÞ× I * + I0

S× ðB− 1Þ=A

I * = Im +WL × ðar − ab − SÞ
A= ab − am

ð2Þ

In equation (2), G is the parents’ consumption, B is the number of chil-

dren, S is the length of the interval between births,10 C is the direct cost per

child, E is the statutory PTE, tr is the marginal tax rate of the parents, I * is

the family taxable income, Im is the husband’s lifetime earnings, WL is the

wife’s earnings in the post-childrearing period, I0 represents family income

from other sources, ab is the mother’s age at the last birth, which is equal to

the mother’s expected latest fertile age, ar is the mother’s age at retirement,

am is the mother’s age at the first birth, and G, B, and S are endogenous.

The first constraint implies that the total parents’ lifetime expenditure on

consumption and childrearing is equal to their total lifetime earnings net of

taxes. The real value of PTE enters into the first constraint, acting as a

deduction of childrearing costs. In addition, the second constraint means

that the length of the interval between the first and the last births is equal to

the length of the birth interval times (B− 1) children.

After solving the utility-maximization problem by choosing G, B, and S,

the comparative static results indicate that, under certain conditions,11 ceteris

paribus, an increase in the PTE caused by an increase in the marginal tax rate
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decreases the wife’s earnings net of taxes as well as the opportunity cost of

the wife’s time spent caring for children, and this encourages people to have

more children. Based on the second constraint in equation (2), the birth inter-

val decreases as the number of children increases to keep the total fertile per-

iod constant. Therefore, this study hypothesizes that an increase in the PTE

might shorten the intervals between the births of married couples.

4. Empirical Model and Variables

4.1 The Piecewise Linear Segment Hazard Rate Model

The hazard rate model provides an effective technique for analyzing

situations involving uncertainty. Because human fertility behavior is a sto-

chastic biological process involving sequential conception events, the appli-

cation of the hazard rate model to human fertility behavior is appropriate

and is based on the length of time between two successive births.12 Suppose

that the random variable T is the waiting time for conception, and that it

has a continuous probability distribution f ðtÞ. Then the cumulative prob-

ability function FðtÞ is defined as:

FðtÞ=
Z t

0

f ðxÞdx = ProbðT ≤ tÞ ð3Þ

In equation (3), the F function represents the probability that the waiting

time to conception is no longer than t. Furthermore, the survival function

KðtÞ, equal to 1−FðtÞ, is the probability that the length of time to concep-

tion is at least t. Hence, the hazard rate of conception at time t, hðtÞ, is the

conditional probability of waiting time 0 to t to conception, given the length

of time that a wife has been waiting to conceive.

hðtÞ= f ðtÞ
KðtÞ =

f ðtÞ
1−FðtÞ ð4Þ

The hazard rate can be either duration independent or duration dependent.13

Within the scope of fertility behavior, the common feature of duration

dependence, in conception or fertility, is that the hazard rate increases over

time to a maximal level and then decreases over time at a slow rate. The

more appropriate distribution of the hazard rate of fertility is, therefore, repre-

sented in the piecewise-linear segment hazard rate model (e.g., Newman and

McCulloch 1984; Chang 1988). The piecewise-linear segment hazard rate

model is given by:
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hðtÞ= exp½b0 +
Xn

i= 1

biXi + ða1 + a2yÞt�, ð5Þ

where t is the waiting time to conception, X represents the covariate in the

hazard rate function, and y is a dummy variable indicating that the dura-

tion≥ four years.14 The dummy variable y is also used to explore the

change in duration dependence. If the magnitude of the positive a1 is less

than that of the negative a2, it is concluded that the hazard rate first

increases, then decreases after t > four years (see Chang 1988).15 From

equation (5), the hazard function becomes:

ln hðtÞ= b0 +
Xn

i= 1

biXi + ða1 + a2yÞ× t ð6Þ

Let KðtÞ= exp½−Rt
0

hðuÞduÞ� be the corresponding survivor function. The

likelihood of observing that the period t0 = 0 to t1 ends in having a concep-

tion (s= 1) or censoring (s= 0) is Kðt1Þhðt1Þs The log-likelihood function

for N observations, each observed from t0, to t1, is then as follows:

ln L=
XN

j= 1

ln Kðt1,jÞ+sj ln hðt1,jÞ ð7Þ

bi will be estimated by the maximum likelihood estimation method. After

taking the first derivative of equation (6) with respect toXk, we can obtain:

q ln hðtÞ
qxk

= bk ð8Þ

Equation (8) implies that a change in Xk, by one unit, will change the hazard

rate at the rate bk. It is worth noting that the factors that are positively related

to the hazard rate will be negatively associated with the length of duration to

conception. In addition, the hypothesis that the hazard rate of conception

increases monotonically over time initially, and then decreasing at a lower

rate as the duration increases, is also tested. Therefore, the following null

hypotheses are tested in this research:

H0 : bPTE > 0

H1 : otherwise

�
H0 : a1 > 0

H1 : otherwise

�
H0 : a2 < 0

H1 : otherwise

�
ð9Þ

4.2 Data and Variables

The data used in this study were collected from the PSID, which included

information regarding individuals’ birth and marriage histories in individual
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data files in 1992. The PSID, therefore, provides sufficient information con-

cerning marriage and birth history to examine a married couple’s decisions

regarding the birth spacing of second and third births. This research combines

the individual file and family files from 1980 to 1991, treats marital status as

exogenous, selects the sample from the Survey Research Center sample, and

limits married women whose first or only marriage was valid when they had

their second or third child or by the final interview date.16

It is assumed that a wife is at risk of conceiving the N-th birth starting

from two months after the previous birth until either she reaches the age of

50, the N-th birth occurs, or her experience is censored by the end of 1991.

Because it is very difficult to obtain the time interval for the first con-

ception,17 the case of the first child is ignored. Any individuals with missing

data are eliminated from the sample.

In fact, some independent variables are time-varying and some are time-

invariant. The time interval between births is, thus, divided into many small

periods to make all time-varying independent variables constant during a

specific period (year), and as a result, some individuals have more than one

record. As a result, there are 1,264 observations for 431 individuals in the

case of the second birth interval and 2,373 observations for 462 individuals

in the case of the third birth.18

The definition of the birth duration is very important in this study. In

general, there are three segments contained in the interval between two suc-

cessive conceptions: the approximate nine months’ duration of pregnancy,

the duration of temporary sterility that may last two months,19 and the dura-

tion of fecundity before the next conception. Hence, the interval between

two successive births in this research is defined as the length of the interval

between two months after the date of the preceding birth and nine months

before the date of the next one.

The primary explanatory variable PTE is defined as the statutory PTE

multiplied by the marginal tax rate of each married couple in Whittington,

Alm, and Peters (1990). The marginal tax rate of each married couple is

affected by the wife’s wage, which is expected to have a negative effect on

the hazard rate of fertility. To separate the negative effect of the wife’s wage

on the timing of births from the influence of the PTE, this study estimates a

new marginal tax rate, excluding the wife’s annual earnings, to calculate a

new PTE.20 As discussed in Section 2, the PTE has a negative influence on

the birth interval (i.e., it has a positive relationship with the hazard rate).

Several other economic explanatory variables are included in the model

as well. According to the aforementioned theoretical model, household
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income is positively associated with the time interval between births.21

The women’s employment status or earnings have a negative effect on the

hazard rate for conception, because women employed in the market have

a higher opportunity cost of childrearing than those who are not employed.

Moreover, Happel, Hill, and Low (1984) indicated that women with highly

skilled white-collar or blue-collar occupations tend to have their first baby

earlier in their marriages because of their rapid skill deterioration. Hence, it

is expected that the estimated coefficient of a highly skilled dummy vari-

able is higher than that of a low-skilled occupation dummy variable for

women in the hazard rate model.

Some aggregate-level factors are also included in the empirical model.

Aggregate fertility rates, in general, reveal national preferences in birth and

childbearing. Higher national fertility rates may also increase women’s hazard

rates in regard to conception. In addition, the aggregate unemployment rates

of females, serving as a period control for reduced women’s wages, will have

a positive influence on the length of the birth interval. According to Cigno’s

articles, higher interest rates cause women to postpone the timing of birth

because of the lower cost of raising children in the next time period.

The length of the preceding interval has been proven to be significantly

positively associated with subsequent intervals (e.g., Rodrı́guez et al. 1984;

Chang 1988). Contradictory results, however, have been found by Heckman,

Hotz, and Walker (1985). In the present study, a variable for the length of

the preceding birth interval is included to investigate this controversy and

also to control part of the heterogeneity pointed out by Chang (1988).

Cohort differences may result from the differences in both the levels of,

and the relationships between, individual and aggregate influences. It is

expected that women in the later cohort are much more likely to use more

effective forms of birth control and are less likely to have an unwanted or

mistimed birth and thus have a lower fertility rate than those in the earlier

cohort. In addition, the woman’s current age is also included in the hazard

rate model; because the remaining reproductive period becomes shorter as

women get older, they may increase their fertility tempo to achieve their

desired number of births. By contrast, the natural fecundity of a woman

decreases as her age increases. Hence, the net age effect on the duration of

the birth interval is ambiguous.

Furthermore, Newman and McCulloch (1984) suggested that wives with

high education levels tend to have their children at shorter intervals to mini-

mize the total amount of time and goods used over the childrearing period.

In addition, Kravdal (1994) and Trussell and Bloom (1983) concluded that

Huang / PTE & Married Women’s Birth Spacing 9



Table 1

Variables and Descriptive Statistics for Second and Third Births

M (SD)

Variables Description Second Third Sign

PTEa Real value of personal

tax exemption in

1982-1984 dollars

301.16 (128.57) 293.75 (124.27) +

New PTEa Estimated RPTE

(using estimated

marginal tax rate

excluding the

wife’s earnings)

238.43 (114.94) 247.48 (114.41) +

Incomea Real total value of

husband’s annual

earnings and family

transfer income

233.15 (160.24) 253.46 (192.62) –

Working status Wife’s working

status: 1=wife

employed,

0= otherwise

0.65 (0.48) 0.65 (0.48) –

High—white Wife’s occupation:

1= high-skilled

white collar,

0= otherwise.

0.63 (0.48) 0.62 (0.48)

High—blue Wife’s occupation:

1= high-skilled

blue collar,

0= otherwise.

0.05 (0.21) 0.03 (0.18)

Age Wife’s age 27.89 (4.67) 31.30 (5.19) ?

Cohort—1940 1=Wife born

in 1940s,

0= otherwise

0.03 (0.17) 0.11 (0.31)

Cohort—1950 1=Wife born

in 1950s,

0= otherwise

0.52 (0.50) 0.65 (0.48)

Preceding interval The length of waiting

time to conception

of the birth in

months

40.44 (34.13) 32.97 (48.28) ?

White Family race:

1=White husband,

0= otherwise

0.96 (0.20) 0.94 (0.24)

City 1= resident in city

with population>

100,000, 0= otherwise

0.43 (0.49) 0.38 (0.49)
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women with high education levels also attempt to delay their first birth, and

therefore their hazard rate for the second conception might be higher in

order that they may have their desired number of children by a certain age.

Therefore, it is expected that the female’s educational level will be posi-

tively associated with the hazard rate for conception.

The duration-dependence variables, a1 and a2, and several demographic

factors, such as race, region, and the population of the city, are also included

to control for heterogeneity across individuals. As people are not expected

to predict all economic variables for the current year perfectly when they

make decisions, all economic variables included in the empirical models

are lagged one year behind the year of conception and expressed in terms of

1982-1984 dollars to control for inflation. Descriptive statistics of the vari-

ables included in the models are provided in Table 1. It is worth noting that,

because Table 1 provides means and standard deviations pertaining to the

observations of the exposure intervals rather than to the average statistics

for the individuals themselves, it is difficult to interpret these statistics.

Table 1 (continued)

M (SD)

Variables Description Second Third Sign

North 1= family lives in

northeastern U.S.,

0= otherwise

0.21 (0.41) 0.21 (0.41)

South 1= family lives in southern

U.S., 0= otherwise

0.27 (0.44) 0.28 (0.45)

West 1= family lives in western

U.S., 0= otherwise

0.19 (0.39) 0.17 (0.38)

Interesta Interest rate 9.28 (2.51) 8.80 (2.15) –

Fertilitya Fertility rate 67.37 (1.83) 67.46 (1.96) +
Unemploymenta Female unemployment rate 6.94 (1.35) 6.69 (1.29) –

Education 1=Wife’s years

of education> 12,

0= otherwise

0.63 (0.48) 0.55 (0.50) +

Year Year 86.48 (3.21) 87.25 (2.96)

Duration The length of duration 2.57 (1.90) 4.17 (2.79)

NOTE: N= 431 for the second birth and N= 462 for the third; observations totaled 1,264 for

the second birth and 2,373 for the third.

a. Variables are one-year lagged.
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5. Estimation Results

Several specifications adopted in this study are described as follows: Mod-

els 1 and 2 differ, as Model 2 includes a time trend variable and Model 1

does not. The wife’s working-status variable is replaced by two dummy vari-

ables in Model 3. Model 4 replicates Model 1, but without macro-level vari-

ables. Finally, to investigate the different effects of independent variables on

all families and on only White families, Model 5 replicates Model 1, but it is

for White families only.22

5.1. The Second Birth

Table 2 shows maximum likelihood estimation results of several specifi-

cations of the piecewise-linear segment hazard rate models with exponen-

tial distribution for the spacing of the second birth.23 The coefficient of the

new PTE is statistically significant. In Models 1, 2, and 5 in Table 2, the per-

centage impact of the PTE on the hazard rate of the second conception is

0.1. For example, in Model 1, families with one more dollar of the PTE

have a shorter birth interval and a higher hazard rate of the second concep-

tion than those of other families, by 0.1 percent. In other words, if a couple

plans to conceive the second child four years (1,460 days) after the first

child, who is two months old, a one-dollar increase in the PTE will encou-

rage the couple to reduce the duration by 1.46 days. Moreover, the empiri-

cal results do not prove that the PTE has different influences on the hazard

rate of the second conception for the entire sample and for the White

subsample.

Regarding the duration-dependence, almost all specifications in Table 2

show that the sign of a1 is significantly positive but significantly negative

for a2. Because the magnitude of a1 is slightly greater than that of a2, the

hypothesis that the hazard rate for the second conception increases initially,

and then decreases, cannot be accepted.

In Table 2, all coefficients of family income are significantly negative in

all specifications. In most specifications, the influence of the wife’s employ-

ment status is not significant. Nevertheless, Model 3 proves that women

with high-skilled occupations will have a higher hazard rate in conceiving a

second child and will have a shorter second birth interval. This result is con-

sistent with the theoretical conclusions in Happel, Hill, and Low (1984).

Furthermore, it is suggested that short previous birth intervals are asso-

ciated with a high probability of conception in subsequent births. This con-

clusion is consistent with the findings of Rodrı́guez et al. (1984) and Cheng
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(1988). In addition, the fertility rate has a significantly negative influence

on the hazard rate for the second birth. This result is in contrast to the con-

clusions in Maxwell (1991) because Maxwell’s study focuses on the first

birth.

This study cannot support the hypothesis that the female’s educational

level is negatively associated with the second birth interval. Finally, the

influences of the wife’s age, the interest rate, the female unemployment

rate, and the cohort variable are all insignificant.

5.2. The Third Birth

Table 3 provides estimation results for the case of the third birth. The

significantly positive effect of the PTE on the hazard rate of the third birth

is even higher, with a percentage influence of magnitude 0.2 on the hazard

rate. All specifications in Table 3 show that the magnitude of negative a2

is much greater than that of positive a1. This shows that the hazard rate

for the third birth increases at a rate of 0.061 until four years after the sec-

ond birth and then decreases at a rate of 0.106.

In addition, that short previous birth intervals are associated with a high

probability of conception in subsequent births is also supported in the third

birth cases. The wife’s age is significantly negative with regard to the prob-

ability of the third birth in Models 4 and 5.24 Finally, family income, the

wife’s employment status, the female’s educational level, the influences of

the fertility rate, the interest rate, the female unemployment rates, and the

cohort variable are all insignificant in the case of third births.

6. Conclusion

Using a sample collected from the PSID data, this article estimates sev-

eral specifications of the piecewise-linear segment hazard rate model to

investigate the influence of the PTE on birth spacing. The estimation

results confirm that married couples with a high PTE tend to shorten the

length of the second and third birth intervals. Every one-dollar increase in

the PTE will significantly reduce the duration of waiting time to the con-

ception of the second child by as much as 0.1 percent and by 0.2 percent

for the third child. The hypothesis that the hazard rate for conception initi-

ally increases until four years after the previous birth, and then decreases,

is accepted only in the case of the third birth.
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In addition, a macro-level factor, the total fertility rate, is an important

determinant in the decision of the timing of the second birth. However,

economic factors do not play an important role in married couples’ deci-

sions regarding when to have their third child. This study also shows that

there is a strong positive relationship between the previous and subsequent

lengths of birth intervals. Furthermore, cohort effects on the spacing of

births seem to be insignificant.

Previous studies suggest that government policies may affect the timing

of births. For instance, Maxwell (1991) suggested that policies enhancing

employment and wages for Black people could cause them to delay having

their first child. In addition, a reduction in poverty among Blacks might lead

to a reduction in the rate of teenage pregnancies. This research also provides

evidence that a change in government tax policies, such as a change in the

tax bracket or the statutory PTE, could affect people’s decisions regarding

the timing of second and third births. The magnitude of the influence is

small but is, nevertheless, significant.

Notes

1. In the United States, there are also other subsidies available to families with children,

such as Aid to Families with Dependent Children (AFDC), the earned income tax credit

(EITC), and so on. Huang (1998b) showed that the EITC has a positive influence on the deci-

sions of low-income families to have their first child.

2. In this model, the representative wife is assumed to pursue her maximum utility by

choosing the optimal bundle of goods and children under the constraint that after-tax family

income, including both wife’s earnings and nonlabor income plus the total value of the PTE,

must equal the total expenditure on consuming goods and children. It is also assumed that

there is a certain relationship between exposure to the risk of having children and fertility.

3. Both studies conclude that the PTE encourages people to have children at the end of

the year, rather than at the beginning of the following year.

4. Cain and Weininger (1973) proved that the female wage rate has a negative effect on

the number of children she bears, and the authors also find that both female education and

male earnings have a negative effect on fertility. Blau and Robins (1989) investigated the

negative impact of child care costs on the fertility decision. Mocan (1990) investigated the

behavior of fertility during the business cycle.

5. By using U.S. time-series data from 1913 to 1984, different lagged specifications of

the aggregate fertility equation were adopted to estimate the fertility effect of tax exemptions

for dependent children.

6. They argued that a linear structure for the real-value PTE, adopted in the study of

Whittington, Alm, and Peters (1990), may provide an inaccurate prediction of the effect that

any change in the exemption may have on fertility.

7. The static lifecycle model fails to address the way in which government tax policies

can affect the spacing decision of fertility (e.g., Happel, Hill, and Low 1984), whereas the
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dynamic model shows that parents’ decisions on the timing of births depend on the costs

involved in having a child at each point in time. If the cost of having a child at t+ 1, dis-

counted back to time t, is lower than the cost at time t, parents will delay any birth planned

for t to t+ 1, and vice versa (e.g., Cigno and Ermisch 1989). This dynamic model also postu-

lates that an increase in child benefits will reduce the tempo of fertility. The tempo of fertility

is defined in Barmby and Cigno (1990) as the expected time to the first birth. It can also be

defined as the proportion of completed fertility finished in the first three or four years of mar-

riage, as in Cigno and Ermisch (1989). However, Barmby and Cigno (1990) did not support

this postulation because of the uncertainty and imperfections in the capital market.

8. Married couples cannot take into consideration the full amount of the statutory PTE

for an additional child. The amount of the reduction in the tax liability is only the product of

the marginal tax rate and the statutory PTE. This amount could be a maximum because of the

possibility of moving to a lower marginal tax rate level as married couples have an additional

child.

9. Indeed, there is a tradeoff between the quality and quantity of children. This conclu-

sion is suggested by Becker (1960), Becker and Lewis (1973), and Becker and Tomes (1976).

As assumed in the theoretical model, the quality of children is defined as the total amount of

time that the mother spends caring for her children. Therefore, the longer the interval

between births, the higher the quality of the children they will have. The author would like to

thank the referee for pointing this out.

10. Because the proportion of time that the mother works at home during the childrearing

period is equal to 1, the time interval between births represents the quality of children in this

simple model.

11. These assumptions are as follows: UBG < 0; UGG < 0; B> 1; the parents’ spending on

consumption exceeds the difference between the net child cost and the wife’s earnings net of

taxes; the total family earnings exceeds the total statutory PTE for all children; the total statu-

tory PTE for (B− 1) children is greater than the wife’s earnings. They are also necessary con-

ditions for the positive relationship between the PTE and the demand for children. More

detailed information is available on request.

12. This technique has been applied to analyzing such issues as the duration of waiting

times for conception, the period of unemployment, strike duration, the timing of business fail-

ures, the interval between arrests, the length of survival time after the diagnosis of a disease

or after an operation, the time to repurchasing, the age at marriage, and so on (Greene 1993).

13. A duration independent hazard rate implies that the hazard rate function is a constant

term.

14. In the sample used in this study, the hazard rates of the second and third conceptions

are found to reach a maximum in four years after the preceding birth. A detailed description

is available on request.

15. Regarding the four-year period of an increasing hazard identified in the article, this is

based only on the data that I observed. According to Table 1, the average wife’s age is 27.89

in the case of the second birth, and 31.3 in the case of the third birth.

16. The author totally agrees that the exogeneity of marital status assumed in the article is

potentially problematic. As considering the causality between children and marriage status

will make the issue discussed in this study more complicated, this study limits the sample to

married couples. Therefore, the conclusions reached in this study can only apply to married

couples. In addition, doing so could also avoid the issue that groups with different marital sta-

tuses have to use different variables in their regressions. For example, the information regard-

ing the husband’s annual earnings is not available for women who were never married or got
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divorced and subsequently remarried. The author fully understands the referee’s concern and

would like to thank the referee for the comments and suggestions.

17. This is because the first birth interval is open on the left-hand side; that is, there is no

information on those whose first conception began before their marriage.

18. In this sample, some women with one child or two children were not pregnant but

were fertile at the end of 1991.

19. This may be the result of an ovulation after birth. In addition, the duration of tempor-

ary sterility may last much longer with breastfeeding. For simplicity, two months’ duration is

used as the average duration of temporary sterility.

20. A detailed description of the calculation of the new marginal tax rate is available on

request.

21. Indeed, there is a strong link between income/wealth and fertility. Controlling for

income in the regressions (hazard models) might not be sufficient to resolve this potentially ser-

ious weakness. Because the information concerning family wealth is not available in the data

that this study adopts, the variable of family wealth is not included in the regression model.

This issue also exists in many studies, including Whittington, Alm, Peters (1990), Whittington

(1992), Georgellis and Wall (1992), and so on. None of these articles consider the effect of

wealth on the fertility decision either. The author is deeply appreciative of the referee’s com-

ment in this regard.

22. It is true that running separate regressions for different income groups (e.g., ‘‘rich’’

versus ‘‘poor’’) enable us to compare empirical results between (among) different income

groups. I totally agree with the referee’s idea that doing this could be a way forward. How-

ever, making a comparison between (among) different income groups in this regard will not

only make this study more fruitful but also more complicated. In order for this study to focus

on the issue of the influence of the PTE on the birth interval, this study leaves the comparison

as a topic for further study. The author appreciates the referee’s suggestion.

23. In addition, the proportional hazard rate model is also estimated. The estimation

results are similar to those of the piecewise-linear segment hazard rate model with an expo-

nential distribution. The estimation results are available on request.

24. The different results between the second and third births may be because of the fact

that the woman’s current age during the third birth interval is greater than that during the sec-

ond birth interval shown in Table 1. Since a female’s fecundity decreases as age increases,

the magnitude of the decrease in the interval to the third birth is more significant and greater

than in the case of second births. Hence, it is concluded that the negative net age effect on the

length of the birth interval appears in the third birth but not in the second birth.

References

Barmby, Tim A., and Alessandro Cigno. 1990. A sequential probability model of fertility

patterns. Journal of Population Economics 3(1): 31-51.

Becker, Gary S. 1960. An economic analysis of fertility. In Demographic and Economic

Change in Developed Countries, Gary S. Becker, ed., 403-25. Princeton, NJ: Princeton

University Press.

Becker, Gary S., and H. Gregg Lewis. 1973. On the interaction between the quantity and

quality of children. Journal of Political Economy 81(2): S279-88.

Becker, Gary S., and Nigel Tomes. 1976. Child endowments and the quantity and quality of

children. Journal of Political Economy 84(4): S143-62.

18 Public Finance Review



Blau, David M., and Philip K. Robins. 1989. Fertility, employment, and child-care costs.

Demography 26(2): 287-99.

Cain, Glen G., and Adriana Weininger. 1973. Economic determinants of fertility: Results

from cross-sectional aggregate data. Demography 10(2): 205-23.

Chang, Ching-Meei. 1988. A hazard rate analysis of fertility using duration data from Malaysia.

Research in Population Economics 6:137-59.

Cigno, Alessandro, and John Ermisch. 1989. A microeconomic analysis of the timing of

births. European Economic Review 33(4): 737-60.

Dickert-Conlin, Stacy, and Amitabh Chandra. 1999. Taxes and the timing of births. Journal

of Political Economy 107(1): 161-77.

Georgellis, Yannis, and Howard J. Wall. 1992. The fertility effect of dependent tax exemp-

tions: Estimate for the United States. Applied Economics 24(10): 1139-45.

Gohmann, Stephan F., and Robert L. Ohsfeldt. 1994. The dependent tax exemption, abortion

availability, and U.S. fertility rates. Population Research and Policy Review 13(4): 367-81.

Greene, William H. 1993. Econometric analysis, 2nd ed. New York: Macmillan.

Happel, Stephen K., John K. Hill, and Stuart A. Low. 1984. An economic analysis of the tim-

ing of childbirth. Population Studies 38(2): 299-311.

Heckman, James J., V. Joseph Hotz, and James R. Walker. 1985. New evidence on the timing

and spacing of births. American Economic Review 75(2): 179-84.

Huang, Jr-Tsung. 1998a. Family income tax: The effect on the timing of births. Unpublished

doctoral dissertation, Department of Economics, University of Washington, Seattle.

Huang, Jr-Tsung. 1998b. The earned income tax credit and the decisions regarding births in

the United States. Unpublished doctoral dissertation, Department of Economics, Univer-

sity of Washington, Seattle.

Huang, Jr-Tsung. 2002. Personal tax exemption: The effect on fertility in Taiwan. Developing

Economies 40(1): 32-48.

Kravdal, Oystein. 1994. The importance of economic activity, economic potential and eco-

nomic resources for the timing of first births in Norway. Population Studies 48(2): 249-67.

Maxwell, Nan L. 1991. Individual and aggregate influences on the age at first birth. Popula-

tion Research and Policy Review 10(1): 27-46.

Mocan, Naci H. 1990. Business cycles and fertility dynamics in the United States: A vector

autoregressive model. Journal of Population Economics 3(2): 125-46.

Newman, John L., and Charles E. McCulloch. 1984. A hazard rate approach to the timing of

births. Econometrica 52(4): 939-61.

Razin, Aaasf. 1980. Number, spacing and quality of children: A micro-economic viewpoint.

Research in Population Economics 2:279-93.

Rodrı́guez, Germán, John Hobcraft, John McDonald, Jane Menken, and James Trussell.

1984. A comparative analysis of determinants of birth intervals. World Fertility Survey

Comparative Studies Series. Voorburg, the Netherlands: International Statistical Institute.

Teachman, Jay D., and Paul T. Schollaert. 1989. Gender of children and birth timing. Demo-

graphy 26(3): 411-23.

Trussell, James, and David E. Bloom. 1983. Estimating the co-variates of age at marriage

and first birth. Population Studies 37(3): 403-16.

Trussell, James, Linda G. Martin, Robert Feldman, James A. Palmore, Mercedes Concepcion,

and Datin Noor Laily Bt. Dato’ Abu Bakar. 1985. Determinants of birth-interval length in

the Philippines, Malaysia, and Indonesia: A hazard-model analysis. Demography 22(2):

145-68

Huang / PTE & Married Women’s Birth Spacing 19



Whittington, Leslie A. 1992. Tax and family: The impact of the tax exemption for dependents

on marital fertility. Demography 29(2): 215-26.

Whittington, Leslie A. 1993. State income tax policy and family size: Fertility and the depen-

dency exemption. Public Finance Quarterly 21(4): 378-98.

Whittington, Leslie A., James Alm, and Elizabeth H. Peters. 1990. Fertility and the personal

exemption: Implicit pronatalist policy in the United States. American Economic Review

80(3): 545-56.

Jr-Tsung Huang is a professor in the Department of Public Finance at National Chengchi

University, Taipei, 116 Taiwan, and the vice president of the Cross-Strait Interflow Prospect

Foundation, Taipei, 100 Taiwan. He received his doctorate in economics from University of

Washington, Seattle. Much of his research focuses on taxation and fiscal policies and family

economics. He has also worked on issues regarding China economy recently, especially

China’s fiscal decentralization.

20 Public Finance Review



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


