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Abstract

In his classic work on the economics of fertility, Gary Becker (1960) presents
arguments about the likely “normality” of children. We examine Becker’s con-
tention. Our starting point is an empirical regularity about the cross section of
married couples in the U.S.: as long as we restrict comparisons to households
living in broadly similar locations (e.g., households located in expensive urban
areas, or in rural areas), completed fertility is positively correlated with hus-
band’s income. Alas, two models rationalize the data—one in which children
are “normal” and a second in which the observed pattern emerges solely as a
consequence of rational sorting by households. In an effort to sort out causal
effects, we undertake a rather specialized empirical exercise, an analysis of the
localized impact on fertility of the mid-1970s increase in world energy prices—an
exogenous shock that substantially increased men’s incomes in the Appalachian
coal-mining region. The evidence indicates that children are indeed “normal.”



1 Introduction

In his influential 1960 paper Gary Becker sets out the basic neoclassical theory
of fertility—a framework in which children are recognized as providing utility to
parents in much the same way as other goods. In consumer theory in general,
goods that have no ready substitutes are “normal;” increases in income induce
greater consumption of these goods. Because children seemingly have few sub-
stitutes we therefore expect desired fertility to be increasing in income ceteris
paribus.

The idea that an increase in income induces parents to have more children
at first blush seems counterfactual. After all, the transition to lower fertility
that occurred across the developed world since the mid 19th century has coin-
cided with massive increases in household income. Also, in many societies—both
developed and developing—high-income families have fewer children than their
lower-income counterparts. For example, below we report such a relationship for
married couples in the U.S. in 1990. Empirical evidence seems to suggest, in
short, that higher income is associated with lower fertility.

Of course, in his original work on the economics of fertility, and in impor-
tant subsequent work, Becker demonstrates that the neoclassical model itself
provides a sensible explanation for the observed inverse relationship between in-
come and fertility. The key insight is that the underlying economic forces that
lead to increasing household prosperity often have two offsetting effects for par-
ents: First, there is an income effect, which in isolation is expected to induce
higher fertility. Second, though, increased earnings opportunities increase the
value of work provided in the labor market. Because rasing children is intensive
in time, particularly the mother’s time, the “shadow price” of children increases
relative to other relevant prices; a substitution effect reduces the desired level of
child-bearing.

As Joseph Hotz, Jacob Klerman, and Robert Willis (1997) suggest, there
are considerable challenges to testing the central propositions of the neoclassical
theory of fertility, i.e., the predicted income and substitution effects.1 Nonethe-

1The authors note that this same observation can be made about identifying predictions in
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less, over the last four decades or so, numerous studies have provided relevant
empirical evidence.

Many of the empirical papers on fertility focus on the proposition that in-
creases in the value of women’s time reduce desired fertility. T. Paul Schultz
(1985) provides a well-crafted example of this latter empirical enterprize with
his analysis of fertility in Sweden in the late 19th and early 20th century. The
idea is to exploit exogenous variation in the relative world prices of basic com-
modities. Schultz argues that the production of dairy products was “women’s
work,” while the production of grains and forestry products was undertaken
primarily by men. It appears that a marked increase in the price of dairy prod-
ucts (relative to other prices) in the 1880s increased the relative market value of
women’s time, which in turn led to a statistically significant and economically
important decline in fertility.

If children are “normal” and if men’s time is relatively unimportant to the
household production of children, we might have expected to see that a positive
relationship between men’s wages and fertility. The evidence from Sweden is
not clear-cut on this issue, though. And, more generally, our reading of the
literature suggests that there is little systematic evidence concerning the central
proposition from the basic economic model of fertility the children are “normal
goods.”2

It is possible of course, theoretical reasoning notwithstanding, that children
simply are not normal goods; more precisely, fertility might not be increasing
in the men’s earnings. For instance, an increase in male wages might have a
substitution effect of its own (if the father’s time is indeed important for rais-
ing children). Alternatively, it may be that “child services” are normal, but
that these “services” have both “quantity” and “quality” components (see, e.g.,
Becker and Lewis, 1973, and Willis, 1973), and “quality” might be increasing in
income while “quantity” is not.

many applied domains in economics.
2In his 1960 paper, Becker suggested that desired fertility might be normal even if completed
fertility is not, owing to income-related differences in knowledge about contraceptives. He
presents evidence from an Indianapolis survey consistent with this conjecture. This concern
is less relevant now in the U.S. than it was in 1960, because of the widespread availability
of oral contraceptives.
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Before jumping to any conclusions, though, it appears to us that there is
value in an empirical investigation of the simple proposition that children are
normal goods. We focus, as a practical (and theoretically defensible) matter, on
the relationship between fertility and husbands’ earnings. Our empirical work
examines U.S. fertility in the late 20th century.

Our starting point is a careful look at the cross-sectional relationship be-
tween income and the fertility of married non-Hispanic white women in the U.S.
in 1990.3 It is true that for our study sample there is a negative correlation be-
tween completed fertility and husbands’ income. Matters are different, though,
when we take a bit of care in constructing economically sensible comparison
groups. Theory tells us, in particular, that in looking for an income effect we
must hold constant the opportunity cost of women’s time (e.g., the wage that
women could earn if they spent additional time in the labor market). Thus in
constructing comparison groups we take a step in that direction by looking at
women with similar levels of education. Also, in theory we should be comparing
households have face similar relevant prices, which would surely include housing
prices. Thus, for example, one of our investigations of income and marital fer-
tility restricts attention to college-educated women aged 40 to 50 who reside in
urban areas with relatively high housing prices (New York, Boston, San Fran-
cisco, etc.). Among these women, those who have husbands with income in the
lowest decile have on average 1.48 children while those with husbands’ income in
the top decile average 2.08 children.

In general we find a robust positive relationship between husbands’ income
and fertility in the U.S. Having established this basic stylized pattern we turn
next to possible theoretical explanations. The first model we consider is a stan-
dard urban model along the lines of Roback (1982). In our set-up, local amenities
differ across locations and, therefore, so too do equilibrium housing prices. We
assume that housing is an input to the production of children (children need
somewhere to live!). In our model children are normal; taking location as given,
high-income households have more children than low-income households. But
households make joint decisions over location and family size, and all else equal
a couple that lives in an expensive location will have fewer children than a couple

31990 is last year for which the Census collects “Children Ever Born” (CEB), which proves
to be a valuable piece of information for our analysis.
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that chooses an inexpensive location. In the resulting equilibrium, the correla-
tion between income and fertility will be positive within each location, though it
need not be positive the across the population as a whole.

Alas, there is a sensible alternative model, based on sorting, that rationalizes
the basic patterns we observe for fertility, income, and location choice. In this
model children need not be a normal good. Suppose, in particular, that both
income and fertility is randomly assigned to households, and that the two are not
related. Households then can be expected to sort into expensive high-amenity
locations and inexpensive low-amenity locations as follows: Large families would
generally sort into expensive cities only when they are unusually wealthy, while
small families would generally sort into inexpensive rural locations only when
they are unusually poor. In this sorting equilibrium, the correlation between
income and fertility will be positive in each location. Such a pattern cannot,
obviously, be taken as evidence that children are normal.

How can one distinguish between the two theories? We suggest that two
types of empirical analysis can in principle be helpful. The first possibility,
following in the intellectual footsteps of Schultz (1985), is to seek out a large and
sustained exogenous shock to men’s income (i.e., a shock that makes a meaningful
difference to lifetime income) in a particular location, and then evaluate the
impact on fertility. The second possibility is to identify households whose ability
or inclination to undertake sorting by location is limited, for reasons that are
external to the model, and then evaluate the relationship income and fertility
for these households specifically. We present an extended example of the first
approach, and then provide some thoughts about the second approach (along
with some suggestive evidence).

Our empirical study focuses on fertility in the Appalachian coal-mining re-
gion from 1950 through 1990. Our focus in particular is on the chain of events
that followed the high world prices of coal that were sustained over the 1970s.
Our interest in the coal boom is spurred by the observation that high coal prices
resulted in robust economic activity in the Appalachian coal-producing region
(certain rural counties of West Virginia, Kentucky, Ohio, and Pennsylvania),
while having no such effect in other counties in these same states. Specifically,
the coal boom greatly improved the long-run economic prospects for men in coal
counties, which provides us the opportunity to examine the causal effect on fer-
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tility of an increase in men’s income. We read the evidence from the coal boom
as being supportive of the proposition increases in husbands’ income leads to
higher fertility.

We then also provide some additional evidence about the relationship be-
tween income and fertility for groups of individuals who have strong, arguably
exogenous, location ties. Authors: One idea is to focus on the fertility of Mor-
mons in the U.S. Mormons make location decisions that differ dramatically from
other Americans. In particular, the vast majority of Mormons locate in Utah and
regions of Idaho and Nevada that border Utah; there are many counties in Utah
in which more than 80 percent of the population is Mormon. Thus it may be that
the “effective” location choice set for many Mormon families is far smaller than
for most other American households. Logically then we should expect this popula-
tion to be a good study group for testing the proposition that children are normal.
Similar observations might be possible for other ethnic or religious groups.

2 Fertility and Income in U.S.: Evidence from the
Cross-Section

We begin by looking at the cross-sectional relationship between income and fer-
tility among non-Hispanic white women in the U.S. in 1990. We examine data
from 1990 because it is last year for which the Census collected the variable
“Children Ever Born” (CEB). We look at this variable for married women aged
40 to 50, i.e., among women born in the years 1940 through 1950. In general
we observe very few births among women over age 50. Further analysis of the
women aged 48 to 50 indicates that only 2.7% of these women had a child after
age 40 (with most of this fertility occurring at ages 41 and 42). Thus our CEB
variable is quite close to “completed fertility” for most of these women.

Table 1 presents some basic facts about fertility. Our first observation is that
fertility is moderately lower among high-income families than among low-income
families. It is evidence of this sort that, upon casual inspection, might lead one
to believe that children are not normal. We observe other regularities: First,
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women with high levels of education have fewer children than women with lower
levels of education. As discussed above, this relationship has been the subject
of extensive research, both in the U.S. and in other countries.4 Second, there is
substantial variation across location; women who live in rural areas have more
children than women who live in large cities. Third, there is variation across
cohorts in completed fertility rates, with women in the younger cohorts group
generally having fewer children than the older women.

With these facts in mind, we turn to regression-based depictions of the basic
correlates of fertility. The goal in particular is to look at the relationship between
fertility and husbands’ income, conditional on other important determinants.

As far as income is concerned, we would like some measure of permanent
income exclusive of income earned by the woman.5 We have no ideal candidate
for our income variable; as a viable measure we use the log of the husband’s
current annual income. Most of the men in our sample are in their prime earnings
years, i.e., in their 40s or 50s, so current income might be quite highly correlated
with lifetime income (for example, few men in the age range are in school or are
retired). To the extent that current income is a noisy measure of lifetime income,
the coefficient in our regression will be biased toward zero.

In setting up our regressions we want to restrict attention to women with
similar levels of human capital (i.e., similar time opportunity costs). The best
we can do on this account is to examine among women who have the same levels
of education. We choose, in particular, two large groups for further study: those
with a high school degree, and those with a college degree.

Finally, as we discuss in some detail in Section 3 below, we are concerned
about the possibility that couples in the U.S. face rather different housing prices
depending on where they live. Thus we also divide our sample in a rather crude
fashion to account for this issue. Results are presented in Table 2.

4See, e.g., Schultz (1985), as discussed above, and many other papers cited in Hotz, Klerman,
and Willis (1997).

5The mother’s income is clearly endogenous, if for no other reason than the fact that the
presence of additional children has the causal effect of reducing women’s labor supply, as
Angrist and Evans (1998) demonstrate.
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The first column provides estimates for a regression that has CEB as the
dependent variable and log of husband’s income as a regressor, along with dummy
variables for cohorts (one for each cohort of women in birth cohorts 1940 through
1950). Evidence from Table 1 indicates that fertility and household income are
inversely related for non-Hispanic white married women aged 40 to 50. The
first regression reported in Table 2, indicates that the same is true if we use the
husband’s income (in a regression that also includes cohort fixed effects). In the
remaining columns, we report results for samples in which all women have the
same level of education—a high school degree or a college degree—and we also
break the samples apart by the household’s location.

In columns (2) through (4) we consider households located in the 50 largest
MSAs in the U.S. There is massive variation in the price of housing across these
cities. In one variant of our regression we therefore include city fixed effects. As
an alternative, we include in our regression a measure of the MSA housing costs,
using Chen and Rosenthal’s (2005) quality-adjusted housing values.6 As we could
expect, CEB is lower in relatively expensive cities. In both specifications log of
husband’s income is positively correlated with children ever born.

Figure 1 provides an alternative non-parametric presentation of the basic
relationship between CEB and husband’s income, in this instance dividing our
sample of 50 large MSAs roughly into thirds, and presenting outcomes for the
least-expensive cities and most-expensive cities. We notice that fertility is gen-
erally lower for college-educated women than for women with a high school edu-
cation. Fertility is higher for women in cities with relatively lower housing costs.
Most important, for our purposes, CEB is generally increasing in husband’s in-
come

We unfortunately do not have housing cost indices for rural areas comparable
to those that are available for the 50 largest MSAs. We nonetheless present
regressions for women who live in rural areas, in columns (6) and (7) of Table 2,
using state fixed effects (which, we acknowledge, is probably not a particularly
effective way of controlling for location-specific differences in housing costs). We
notice that in this regression as well husband’s income is positively correlated

6Specifically, our measure is 1000 times their index. We are grateful to Stuart Rosenthal for
providing us with these data.
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with CEB.

3 Theoretical Issues Concerning Fertility and
Location Choice

From our brief look at U.S. data we conclude that fertility and husbands’ in-
come is negatively correlated across the population generally, but is positively
correlated within similar locations. Is this persuasive evidence that children are
normal? We investigate this question by briefly presenting two competing the-
oretical perspectives. In the first model of fertility and location, children are
indeed normal. In the second model the observed pattern arises instead as a
result of sorting.

3.1 A Model of Fertility and Location Choice

We begin with a very simple equilibrium model in which households jointly
choose fertility and location. As will be readily apparent, our model is really
just an example, intended to set the basic idea: even when children are normal,
we needn’t observe a positive correlation between income and fertility across the
population.

In our example newly married couples act as a unitary household whose
utility is determined by three factors: (1) where the family lives—in an urban
location that has a valued local amenity level A = AU , or a rural area that has
a lower level of the amenity, A = AR < AU , (2) the number of children (c) they
have, and (3) the consumption of some other good (x).

Each household i has the same tastes. Households do differ, though, by
having varying levels of an exogenously given endowment of human capital, θi >
0. For simplicity we let workers be equally productive in the two locations; they
supply θi units of effective labor at wage w. Thus lifetime income, yi = wθi, is
independent of location.
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The price of x be the same in the two locations, and equal to 1. Thus, as
is typical in urban location models (e.g., Jennifer Roback, 1984), in equilibrium
housing prices must be higher in the high-amenity location; if pU is the price of
a “unit” of housing in the urban area, and and pR is the price in the rural area,
we expect to show that pU > pR. (Otherwise everyone would simply live in the
high-amenity urban location.)

In our model, couples do not derive utility directly from housing. They buy
housing solely for the purpose of accommodating their family. In particular, we
suppose that for each extra child a couple chooses to have, they must purchase
an additional unit of housing.

We let utility be given by a simple Stone-Geary form. In particular, utility
is

AU(c− αc)
γ(x− αx)

(1−γ) in the urban location, and

AR(c− αc)
γ(x− αx)

(1−γ) in the rural location,

with γ ∈ (0, 1). Utility is maximized subject to a budget constraint given by
(pU c) + x = yi if the households is in the urban location, and by (pR c) + x = yi

in the rural location. Indirect utility for household i then is:

V iR =
ΓAU

pγ
U

[wθi − αc (pU)− αx] in the urban location, (1)

V iU =
ΓAR

pγ
R

[wθi − αc (pR)− αx] in the rural location, (2)

where Γ is the constant γγ(1−γ)(1−γ). Household i’s location decision boils down
to choosing the location that provides the higher lifetime utility, i.e., determining
which of (1) or (2) is larger.7 In general, that decision depends on the household’s
endowment θi.

As it turns out, the nature of our model’s equilibrium is quite simple: First,
as noted above, the price of housing is clearly higher in the urban location than in
the rural location.8 Second, we can show that in equilibrium there will be some

7We assume that income is high enough that the terms in brackets in (1) and (2) are positive.
8V is increasing in A and decreasing in p. Given that AU > AR, V iU would exceed V iR for
all households i if pR were not lower than pU .
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cut-off value, say θ̂, such that relatively wealthy families (θi > θ̂) will live in the

urban location, while poorer families (θi < θ̂) will live in the urban location.9

This outcome is pictured in Figure 2.

Now consider the demand for children, which is given by

c(θi) = (1− γ)αc +
γ (wθi − αx)

pU

(3)

for the wealthier urban families (θi > θ̂), and by

c(θi) = (1− γ)αc +
γ (wθi − αx)

pR

(4)

for the poorer rural families (θi < θ̂). The demand for children, as a function of
income, is shown in Figure 3.

There are two features of child demand that merit attention. First, as a
consequence of our assumption that preferences are Stone-Geary, children are
“normal;” so long as we restrict attention to changes in income that do not
induce the family to change location, an increase in income increases desired
family size. Second, for a household that is indifferent between the rural and
urban locations, i.e., a family with θi = θ̂, fertility is lower if the couple chooses
the urban location. The economic forces that drive this result are clear enough:
the urban location has the advantage of having the higher level of local amenities,
but this is offset by higher housing prices. Higher housing costs in turn induce
the family to choose a smaller family size.

As for the overall relationship between income and fertility, we note that
a negative correlation might well pertain. This is true even though there is a
positive relationship between income and fertility in each of the two locations.
If we are hoping to learn about the relationship between income and fertility

9To see this, first note that for the “marginal” family, (1) is equal to (2), from which one can
show

(
AU

pγ
U
− AR

pγ
R

) (
wθ̂ − αx

)
= αc

(
AUp

(1−γ)
U −ARp

(1−γ)
R

)
. Now the right-hand side of this

latter expression is clearly positive, as is the second term in parentheses on the left-hand
side. So AU

pγ
U

> AR

pγ
R

, which in turn shows that ∂V U

∂θ > ∂V R

∂θ (see (1) and (2)), as depicted in
Figure 2.
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by looking at cross-sectional evidence, it is necessary to be careful to restrict
comparisons to families that live in locations are reasonably similar in housing
prices.10

3.2 An Alternative Model of Family Size and Sorting by
Location

There is a simple alternative model—a model in which children need not be
normal—that also rationalizes the stylized facts presented in Section 2. Con-
sider, in particular, a situation in which family size is completely independent of
income. Perhaps, for example, fertility is simply “assigned” to couples at ran-
dom. Duesenberry (1960) claimed: “Economics is all about how people make
choices. Sociology is all about why they don’t have any choices to make.” If so,
then we might say that fertility is determined by “sociological factors” in this
second model.

Having been assigned an expected family size, couples might be expected to
choose where to live based on economic considerations. We continue to consider
the case in which families choose to live in one of two locations—an expensive
high-amenity urban location or a relatively less expensive low-amenity rural lo-
cation. It is reasonable to expect that the relatively high cost of housing in the
urban location is a greater deterrent to large families than to small families, and
of course a greater deterrent to low-income families than high-income families.

Figure 4 illustrates. When families sort optimally we observe that in the
cross section: (1) the high-amenity urban location disproportionately attracts
high income families, (2) average family size is smaller in the urban location
than in the rural location, and (3) there is a positive correlation between income
and family size in both locations. These are essentially the same predictions for

10As we discuss shortly, there are very large differences in housing prices across locations in the
U.S. Of course, in a more general model, this same logic would lead us to worry also about
locational differences in other prices, e.g., the price of education and wage rates. For now
we restrict attention to the very large price differences in housing, while acknowledging that
a more thorough investigation might also consider price variation along other dimensions.
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the cross-section we derive for our first model—the model in which fertility is a
normal good.

3.3 Implications for Empirical Evaluation

How can we determine that causal impact of income for fertility? Based on the
analysis above we suggest two possible ways to proceed.

The first research strategy is to find an exogenous shock to income. In
particular, suppose there is a substantial increase in the market wage w that
pertains in the rural location. Now if the first of our models pertains (i.e., the
model in Section 3.1), fertility will increase among affected households. It might
be reasonable to assume that the supply of housing in rural areas is perfectly
elastic (land in rural areas might be close to free). Then for the rural location,
the effect of the observed change in income, yi = wθi, on fertility comes from
taking the derivative of (3):

∂c(θi)

∂yi

=
γ

pR

. (5)

In our simple set-up this latter expression is in principle the same as the rela-
tionship between c and y that one would observe in a cross-sectional sample of
rural households.11

On the other hand, if children are exogenously assigned (or in any event the
demand for children is unrelated to income), as assumed in the second model
outline above, the income shock will have no effect on fertility of affected house-
holds.

The second research strategy is to look for a class of households for which
location sorting is impossible, or at least relatively expensive, for reasons that lie
outside the model. Consider, for example, a identifiable population of households

11For an urban location with scarce land, it may be less plausible that the supply of housing
is perfectly elastic; an increase in income shifts the demand for housing outward, raising the
equilibrium price pU . We would still expect fertility to increase if there is a positive income
shock, but the equilibrium impact would be dampened by the increase in housing costs.
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that is effectively constrained to live in the rural area, but that in other ways is
similar to unconstrained households.

Now if our first model of fertility and location choice pertains (i.e., the
model in Section 3.1), then the demand for children will be generally increasing
in income for households in the constrained class of households. As illustrated
in Figure 5, wealthy households in this group who cannot locate in the high-
amenity urban area instead will have fertility higher than those households that
can locate in the urban area.

Suppose instead that our second model pertains (i.e., the model in Section
3.2). In this case, there is no causal relationship between income and fertility.
Because constrained households now simply live in the rural area, none of the
sorting issues are relevant. Thus for the class of constrained households will
expect to observe no correlation between fertility and income.

In the two sections that follow we provide examples of each of the ap-
proaches. In Section 4 we look at fertility in the Appalachian coal-mining region
during the 1970s coal boom and subsequent bust. In Section 5 we consider
fertility among groups that are arguably constrained in their location choices.

4 Fertility in Appalachia: The Effect of the Coal
Boom and Bust 1970-1990

Our major empirical contribution centers on the chain of events caused by the
sharp run-up in the price of coal that occurred in early 1970s, and the subsequent
collapse in coal prices that followed in the early 1980s. Our argument is that this
exogenous shift caused a meaningful increase in lifetime income for men in the
Appalachian coal-mining region, which allows us to identify the income effect on
fertility.
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4.1 The Economic Environment

During the 1970s a series of events, notably changes in U.S. regulatory policy and
then the 1974 oil embargo by the Organization of Petroleum Exporting Countries
(OPEC), caused a massive increase in the real price of coal. In particular, after
holding steady through most of the 1960s, the real price of coal (i.e., the ratio of
the producer price index for bituminous coal to the consumer price index) rose
significantly between 1969 and 1970 and then spiked dramatically, increasing by
44%, between 1973 and 1974. Prices stabilized for the remainder of the decade,
at levels that were more than twice the 1960s level. Then the relative price of
coal declined throughout the 1980s, with rapid declines occurring after 1983. By
1990 the price of coal was approximately the same as it had been in 1970.

As illustrated in Figure 6, in certain counties of Kentucky, Ohio, Pennsylva-
nia, and West Virginia there are massive coal reserves. In many of these counties
coal production plays an important role in the local economy. For instance, in
32 counties in this four-state region, more than 10% of total earnings derived
directly from the coal industry in 1969. In these counties the median fraction of
earnings from the coal industry is 25.3% (the mean is 30.4%). Not surprisingly,
in these 32 counties, there were dramatic effects on industry employment and
wages owing to the massive price swings. Table 3 provides a summary for the
32 counties (relatively to other counties). We can divide the 1970s and ’80s into
three periods: 1970 through 1977 was a boom period, with both employment and
earnings per worker increasing rapidly in the coal-mining industry. Employment
and earnings in mining were robust, and reasonably stable, during the peak pe-
riod 1978 through 1982. Then employment and earnings declined substantially
during the 1983 through 1989 bust period. Figure 7 shows trends in coal prices
and documents the massive spike in employment in coal mining.

It appears that the labor market impact of the coal boom and bust extended
beyond the mining industry in these counties; there were modest spillovers to
other sectors. Dan Black, Terra McKinnish, and Seth Sanders (2005) estimate
that in the 32 counties, during the coal boom two jobs were created in con-
struction, retail and services for every 10 jobs created in the mining industry.
Conversely, during the bust approximately 3.5 jobs were lost in construction,
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retail and services for every 10 jobs lost in mining.12

In short, the changes in world energy prices created a remarkable sustained
period of economic prosperity in the Appalachian coal-mining region. Because
mining is a heavily male occupation, this prosperity is that it had an especially
large impact on men.

4.2 Fertility over the Economic Cycle: Evidence from Natality
Files

Our starting point is to ask a simple question for the four-state region under
examination: Are observed year-to-year changes in fertility correlated with the
economic activity?

In our examination of the temporal association between fertility and the
business cycle we are following a long tradition in statistical demography. Undy
Yule (1906), for example, shows a pro-cyclical fertility pattern for nineteenth cen-
tury England and Wales, a relationship that was driven in part by a pro-cyclical
relationship between favorable economic circumstances and rates of marriage,
and then subsequent fertility. As a second example, Virginia Galbraith and
Dorothy Thomas (1941) find a positive association between fertility and eco-
nomic activity in the early twentieth century U.S. They show that this relation-
ship holds not only for first births, as one would expect if the relationship were
being driven by changes in the marriage rate, but also by higher-order births
(e.g., third and fourth births).13

Yoram Ben-Porath (1973) provides evidence showing that fertility was pro-
cyclical in Israel over the 1950–1970 period, and gives a nice discussion of the
economic forces that would lead to such a cyclical response. As Ben-Porath ar-
gues, the role of aggregate business activity on fertility, while “somewhat fuzzy,”

12The boom and subsequent bust appears to have had little impact on employment in man-
ufacturing; there was no evidence that the coal boom crowded out “export sector” jobs in
the local economies.

13Morris Silver (1965) gives additional evidence for the U.S., using data over a longer time
span.
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likely includes at least three elements: First, an economic boom or bust will typ-
ically be of uncertain duration and severity, and may in some cases be taken by
families as having a meaningful effect on lifetime income. As Ben-Porath notes,
an economic dip can have permanent effects because “children constitute an ir-
reversible commitment of expenditure over a fairly long period; if the depression
lingers, causing a revision in the desired number of children, there will be no
way back” (p. 186). Second, if households are liquidity constrained, in general
there will be a stronger temporal relationship between income and current con-
sumption, and this tie could extend to the timing of births. Third, through, to
the extent that couples believe that they can time their births in relation to eco-
nomic fluctuations, couples might want to have babies during recessions, when
the opportunity cost of the mother’s time is relatively low.

We are particularly interested in the fluctuations in economic activity that
are the consequence of the coal boom, as over the period we study these changes
were large and sustained. In coal-rich counties these swings in economic activity
would be more likely than other fluctuations to be seen as having an effect
on permanent income. Also, as we have argued, economic activity associated
with the coal boom had particularly large effects on men’s income, not women’s
income, and therefore likely had a relatively small impact on the opportunity
cost of women’s time.

Table 4 presents regression results concerning county-level fertility in West
Virginia, Kentucky, and Pennsylvania, using data from 1969 through 1988.14

Using county-level measures of fertility, based on the Detail Natality Files, our
basic regression has changes in county-level birth rates as a dependent variable
and has as independent variables the lagged value of difference in county-level
log earnings as well as a full complement of state-year fixed effects intended to
pick up secular trends in birthrates.15

Consider first the upper panel of Table 4. Column (1) shows that fertility
is mildly pro-cyclical, as in previous literature. A 10 percent increase in earn-

14Ohio is excluded here because of a lack of consistent data on marital status over the period
of study. We also looked at total fertility, and included Ohio for that analysis. Results are
very similar to those presented in Table 4.

15The practice of using lagged values for economic activity stems back to Yule and Thomas,
who typically use lags of two to three years on economic variables when examining fertility.
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ings is associated with a 1 percent increase in births in the following year. As
Ben-Porath suggests, it is not completely clear how one should interpret these
findings.

Column (2) is intended to capture the contemporaneous effects of economic
activity on fertility associated specifically with the coal economy. In particular,
we calculate for every county each year the value of that county’s coal reserves.
We then form an instrument that is equal to the change in this variable, lagged
by one year.16 The idea is to look at the effects of large, exogenous, reasonably
permanent changes in earnings that are focused primarily toward men. We find
the contemporaneous impact of coal-related fluctuations in income to be much
larger than the effects of economic activity generally; a 10 percent increase in
income associated with the coal boom results in a 7 percent increase in birth
rates.

The lower panel of Table 4 repeats our analysis but focuses on higher-order
births. The effect of economic activity is, not surprisingly, somewhat lower than
on birth rates generally, but the general pattern is the same. A 10 percent
increase in income due to the coal boom results in a 5 percent increase in birth
rates.

In sum, the coal boom appears to have had a large positive impact on
fertility; changes in income associated with the coal boom—income increases
that are large, sustained, and focused primarily toward men—lead to substantial
temporal increases in fertility. We turn next to analysis with Census data to ask
how these fluctuations impact cohort-level timing of fertility patterns, and to see
if there are discernable impacts for completed fertility.

4.3 Evidence on the Timing of Births for Four Cohorts

As has been well documented (e.g., by Hotz, et al., 1997, and many other schol-
ars), there have been large sustained swings in U.S. fertility over the past sixty

16The additional lag here reflects the fact that it takes a year or longer for mining firms to
expand production in response to changes in the market.
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years. Our goal here is to look for an effect of the coal boom independent of
these secular trends. Our basic idea is to construct patterns of age-specific fertil-
ity rates (ASFRs) for several cohorts of women—specifically women who would
likely have been affected by the coal boom and comparable women who were
less likely to have been so affected. We then conduct a differences-in-differences
analysis, using women in non-coal counties as the base against which we look for
effects of the coal boom and bust. Our data sources are the 1960, 1970, 1980,
and 1990 waves of the U.S. Decenniel Census. We use the complete long-form
data, which allows us to assemble samples large enough for our analysis.

Unfortunately, Census data do not allow us to construct the age-specific
fertility rates directly, but for some cohorts we can make a reasonable approx-
imation as follows. Consider a woman age 34 in a given year. Suppose the
following assumptions pertain: (a) she did not give birth before she reached age
17, (b) none of her children died or left home before they reached age 17, and (c)
she has no children after age 34. Then we can construct her age-specific pattern
of fertility by looking at the ages of the children in the household. Of course these
assumptions won’t hold for all women, but this method does provide a consistent
way of looking at fertility across different cohorts. We undertake this exercise
for two groups of women: women who live in counties with high concentrations
of coal mining, and women who live in counties that have relatively little coal.
For this analysis we omit counties that have a moderate level of coal mining.

Figure 8 illustrates our first piece of evidence about the cohort effect of
fertility for affected women. The first panel shows ASFRs as of age 34 for women
born in 1936 (using 1970 Census data), separately for women in coal counties
and non-coal counties in the four-state region. The ASFRs up to age 34 are very
similar for these two groups of women. The second panel shows ASFRs up to
age 34 for women born in 1946 (using 1980 data). Again, these are calculated
separately for women in coal counties and non-coal counties. Women in the 1946
cohort were age 24 in 1970, at the beginning of the coal boom, and were age
26 in 1972 when the effects would be first seen in fertility rates (assuming a
two-year lag). Notice that at precisely that age there appears a divergence in
the ASFR patterns for these two groups of women. At every age, 27 through 34,
women in coal counties have higher cohort-specific fertility rates than women in
the non-coal counties.
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Table 5 reports the results of a comparable differences-in-differences calcu-
lation. Column (2) of that table is formed as follows: First we calculate the
differences between ASFRs in the coal counties and non-coal counties for the
1936 cohort (i.e., we just use the differences that appear between the ASFRs
in the first panel of Figure 8). Second we calculate these same differences for
the 1946 cohort (i.e., use the differences that appear between the ASFRs in the
second panel of Figure 8). Finally we take the differences in these differences,
and report the results in column (2). The boldface type highlights the years
when the coal economy was booming: from ages 26 through 34, differences-in-
differences are all positive. The accumulated effect is quite large; over these ages
accumulated decline in fertility was on average 0.181 greater in non-coal counties.
Before the boom, coal counties actually had a slight decline in fertility relative
to non-coal counties. Thus the difference-in-difference for the total fertility rate
(accumulated over the 17–34 age range) is 0.121.

Column (1) of Table 5 provides a comparable exercise for women born in
1926 and 1936. These are cohorts that would not have been much affected by the
coal boom. (Women born in 1936 would have been in their mid- to late-thirties
before there was any substantial economic effect of the coal boom.) This exercise
suggest that fertility was in fact declining in coal counties, relative to non-coal
counties, prior to the coal boom.17

Together, the results of columns (1) and (2) indicate that the 1970s coal
boom had a substantial positive impact on completed fertility. This inference is
supported by the observed timing and accumulated effects on fertility in the coal
counties.

Finally, we repeat our exercise for women born in 1946 and 1956, and report
the results in column (3). Again we present in boldface statistics that pertain
for women that would have potentially affected by the coal boom. Women in
the 1956 birth cohort, who were aged 34 in 1990, would have been subject to

17More precisely, the decline in the total fertility rate (TFR), which we define over the 17–
34 age span, was larger in coal counties than in non-coal counties (by an average of 0.162
children) for the 1926 and 1936 birth cohorts of women. Notice from column (2), the absolute
value of the decline in accumulated fertility (for ages 17 through 25) was greater in coal
counties by on average 0.060 children per woman. In this respect they seem to be continuing
a trend documented in column (1).
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the impact of the 1970s coal boom and peak over ages 17 through 28. In fact,
our differences-in-differences statistics show little observed effect on fertility rates
for women in these ages, and during the bust years that followed, fertility de-
clines continued to be slightly larger in coal counties than in non-coal counties.
Thus overall TFRs declined by slightly more in coal counties than in non-coal
counties.

We expect that further analysis is merited to explore why the coal boom
apparently have a positive impact on the fertility of women in their late 20s and
early 30s, but no impact on women in their teens and early 20s.

4.4 Evidence using County-Level Data on Children Ever
Born

Authors: A disadvantage of the analysis presented in the previous section is that
we exploit data from four cohorts only. Also, because of data limitations we can
look at ASFRs only up to age 34, i.e., we’re really not quite getting to completed
fertility. We can undertake an additional analysis, focusing on cohort-level CEB
for all women in birth cohorts 1935 through 1960. The first problem for this
empirical work is constructing a CEB measure for each cohort. Given that very
little fertility occurs after age 40, we can get CEB for the 1935–1950 cohorts by
simply using the CEB measure in the 1990 Census. Since CEB was not collected
in the 2000 Census, we can use a different approach. For each birth cohort of
women 1951 through 1960, we can make “synthetic cohort” estimates, calculating
the average CEB as of the 1990 Census and then using the 2000 Census calculate
the number of children in the household aged 0 through 10. Adding these two
numbers for each cohort should give a reasonably good cohort-specific measures
of CEB. We can undertake this exercise for each of the 36 cohorts under study
for each coal county and each non-coal counties in our four-state region.

This analysis must be done at a Census Center.
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5 Fertility for Location-Bound Populations

Authors: Our idea here is to look at the relationship between income and fertility
for individuals who are constrained in their choice of location for some reason
that is independent of our model. For example, it may be that many Mormons
are drawn to Utah as their family location. Preliminary analysis shows a strongly
positive correlation between fertility and husband’s income for families that live
in heavily-Mormon areas of Utah. We can also analyze other ethnic or religious
groups.

6 Concluding Remarks

Authors: To be written.
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Figure 1: Children Ever Born for Couples in Expensive and Inexpensive MSAs,
by Husband’s Income
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Figure 2: Indirect Utility in Urban and Rural Locations
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Figure 3: Income and the Demand for Children
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Figure 4: Sorting by Income and Family Size
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Figure 5: Fertility when Households Locate in the Rural Area Only
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Figure 6: Coal Reserves in Ohio, Pennsylvania, Kentucky, and W. Virginia
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Figure 7: Price of Coal and Employment from Mining
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Figure 8: Age-Specific Fertility Rates for Women Born in 1936 and 1946
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Table 1: Descriptive Statistics, Children Ever Born, Women Aged 40-50 in 1990

By Household Income:
Lowest Quartile 2.50
Second Quartile 2.32
Third Quartile 2.25
Highest Quartile 2.16

By Husband’s Income:
Lowest Quartile 2.32
Second Quartile 2.26
Third Quartile 2.29
Highest Quartile 2.33

By Mother’s Education:
High School Degree or Less 2.53
Some College or College Degree 2.17
Advanced Degree 1.75

By Location:
Rural 2.47
Urban, other than 50 Largest MSAs 2.29
Largest 50 MSAs 2.19

By Age Group:
Born 1945-50 (now aged 40-45) 2.15
Born 1940-45 (now aged 46-50) 2.54
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Table 2: Children Ever Born to Women Aged 40 to 50 in 1990, Regression Results

U.S., 50 Large MSAs, Rest of MSAs, Rural Areas,
All Women with Women with Women with Women with

Women HS Degree College Deg. HS Col. HS Col.
(1) (2) (3) (4) (5) (6) (7) (8) (9)

ln(Hus. Inc.) -0.028 0.159 0.154 0.193 0.194 0.141 0.196 0.063 0.119
(0.003) (0.009) (0.009) (0.010) (0.010) (0.009) (0.011) (0.007) (0.012)

Housing Cost -0.026 -0.046
(0.003) (0.004)

Fixed Effects?
Cohort yes yes yes yes yes yes yes yes yes
MSA — no yes no yes yes yes — —
State — — — — — — — yes yes

N 422,427 44,925 44,925 23,671 23,671 42,710 18,398 72,734 17,834
R2 0.027 0.032 0.03 0.034 0.028 0.028 0.027 0.057 0.057
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Table 3: Growth in Employment, Earnings and Earnings per Worker: Difference
between Treatment and Comparison Counties, 1970–89

Difference between Treatment
Average Annual Growth in: and Comparison Counties (Std. Error)

Total Employment
Boom, 1970–77 0.020 (0.004)
Peak, 1978–82 -0.001 (0.004)
Bust, 1983–89 -0.027 (0.004)

Total Earnings
Boom, 1970–77 0.050 (0.007)
Peak, 1978–82 0.005 (0.007)
Bust, 1983–89 -0.055 (0.006)

Earnings per Worker
Boom, 1970–77 0.030 (0.004)
Peak, 1978–82 0.005 (0.004)
Bust, 1983–89 -0.028 (0.004)
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Table 4: Changes in County-Level Marital Fertility Rates

Births OLS IV
(1) (2)

State-year fixed effects Yes Yes

Instruments:
Value of coal reserves No Yes
lagged one and two periods

The lagged value of differences in 0.120 0.745
the log of earnings in county (0.0281) (0.1249)

First-stage F-stat for instruments — 59
N 4,356 4,356

Higher Ordered Births OLS IV

State-year fixed effects Yes Yes

Instruments:
Value of coal reserves No Yes
lagged one and two periods

The lagged value of differences in 0.068 0.464
the log of earnings in county (0.0373) (0.2166)

First-stage F-stat for instruments — 59
N 4,356 4,356
Notes: Ohio is excluded
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Table 5: Changes in Cohort ASFRs: Differences between Treatment and Com-
parison Counties (Boom/Peak Years in Boldface)

Age of 1926 and 1936 1936 and 1946 1946 and 1956
Fertility Cohorts Cohorts Cohorts

(1) (2) (3)
17 0.002 -0.010 -0.010
18 0.005 -0.014 -0.010
19 0.004 -0.006 -0.001
20 0.004 -0.010 -0.016
21 0.000 -0.010 0.004
22 0.005 -0.012 -0.007
23 -0.024 0.018 -0.011
24 -0.024 0.003 0.009
25 0.003 -0.019 -0.002
26 -0.030 0.016 0.007
27 -0.026 0.025 0.000
28 -0.016 0.011 0.013
29 -0.026 0.031 0.008
30 -0.019 0.037 -0.017
31 -0.008 0.020 -0.010
32 0.000 0.025 -0.014
33 -0.005 0.013 -0.001
34 -0.005 0.003 -0.002

Diff-in-Diff in TFR -0.162 0.121 -0.062
(Over Ages 17 to 34)
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