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Research Article

Constraint or choice?
Disentangling fertility determinants by switching regressions

Christoph Sax!

Abstract

In 1953, many poor countries had not yet approached the demographic transition. Ac-
cordingly, income generally had a positive impact on fertility in poor countries, while it
has a negative impact today. Easterlin’s supply-demand framework offers an explanation
for this nonlinearity by attributing the positive relationship to Malthusian (or “supply”)
factors and the negative relationship to “demand” factors.

This paper estimates Easterlin’s supply-demand framework by switching regressions
in a panel data set of 152 countries from 1953 to 1998. The technique allows the identifi-
cation of several factors affecting the Malthusian constraint and the demand for children,
such as income, source of income, urbanization, religion and medical environment.

It is found that a combination of higher GDP per capita, a decrease in infant death rate
and an increase in education explain a substantial part of the reversal of the relationship
between income and net fertility over the sample period.

1 University of Basel, Department of Business and Economics, Jakob Burckhardt Haus, 4001 Basel, Switzer-
land. Phone: +41 (0) 61 267 33 74. E-mail: c.sax @unibas.ch
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1. Introduction

A striking fact in human population history is the reversal of the relationship between
income and fertility. In order to reveal the causes of the reversal, this paper estimates
Easterlin’s supply-demand framework by switching regressions in a panel data set of 152
countries from 1953 to 1998.

Until late in the 19th century, richer individuals tended to have more children than
did poorer individuals (Stys 1957; Schapiro 1982; Weir 1995; Lee 1987); today, richer
individuals tend to have fewer (Docquier 2004). A similar reversal of the relationship
can be observed in cross-country data. As it has been put by Thomas Malthus in 1798
(Malthus 1986): “The reason that the greater part of Europe is more populous now than
it was in former times, is, that the industry of the inhabitants has made these countries
produce a greater quantity of human subsistence.” These days the opposite is true. Around
the world, richer countries tend to have a lower birth rate and therefore a lower (and
sometimes negative) population growth rate.

There are two sets of explanations for these empirical findings: Malthusian expla-
nations are commonly used to characterize a positive relationship between income and
fertility. According to Malthus, “preventive” as well as “positive checks” force poor peo-
ple to have fewer children. Thereby, the fear of material difficulties acts as a preventive
check. It causes people to moderate their sexual desires, to contracept or to delay mar-
riage. If ineffective, the more ferocious “positive checks” will come into force. Diseases
and famine increase the mortality rates of poor people in particular and reduce their re-
production rates.

On the other hand, modern fertility theory focuses on the demand for children and
explains why there is a negative relationship between income and fertility. It suggests
several factors leading to a negative correlation between these two variables: increased
investment in education or the “quality” of children (Becker and Lewis 1973; Becker and
Tomes 1976), higher relative wages of women (Galor and Weil 1996, 1999) or a reduction
in the contribution made by children to family income (Caldwell 1976).

In an attempt to unify these two strands of theory, Easterlin (1975, 1978) described
two components of net fertility: supply and demand. The “demand for children” con-
stitutes a summary of the economic theory of fertility, while the “supply of children”,
summarizes the sociological (or Malthusian) theory of fertility. In order to avoid con-
fusion with the economic meaning of supply, the term ‘“Malthusian constraint” will be
used in the following. While demand is typically decreasing with income, the Malthu-
sian constraint is relaxing. If there are no birth control problems, the actual number of
surviving children is the minimum of the constraint and demand. Thereby, Easterlin’s
supply-demand framework offers an explanation for the non-linearity in the relationship
between income and net fertility.

724 http://www.demographic-research.org
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The main contribution of this paper is the use of switching regressions in order to si-
multaneously estimate the Malthusian constraint and the demand for children as compo-
nents of net fertility. In a simplified form, Easterlin’s supply-demand framework exactly
corresponds to an econometric switching regression model, in which the observed value
of the dependent variable is the minimum of two latent variables.

This paper presents a simplified version of Easterlin’s supply-demand framework,
which is used as the conceptual underpinning of the empirical model. Unlike Montgomery
(1987), who presented an application of the switching regression methodology to the
World Fertility Survey data, this paper uses cross country panel data from 152 countries
from 1953 to 1998.2

In 1953, many poor countries had not yet completed the demographic transition. Ac-
cordingly, Malthusian factors dominated demand factors in these countries, resulting in
a positive relationship between income and net fertility in poor countries. In 1998, with
almost all countries having completed their demographic transition, net fertility is deter-
mined by demand factors everywhere, resulting in a negative relationship between income
and net fertility.

Switching regressions may help to answer several important questions: Why was there
a positive relationship for low-income countries in 1953, and why has it changed into a
negative one? Can we explain these changes in terms of shifts in the Malthusian constraint
and in demand? What other factors, beside income, determine the Malthusian constraint
and the demand for children?

The switching regression technique makes it possible to elegantly deal with the non-
linearity of the relationship between income and net fertility: First of all, switching re-
gressions are based on theory. The two underlying components have a theoretical inter-
pretation in line with Easterlin’s supply-demand framework. The positive branch of the
relationship between income and net fertility can be interpreted as the result of Malthusian
mechanisms, while the negative branch is the result of demand effects. Second, shifts in
these underlying components may be quantified. Over time, there is not only a reversal of
the relationship between income and net fertility; there is also a systematic upward shift
of the positive branch of the relationship and a downward shift of the negative branch.
Third, thanks to its parametric structure, multiple explanatory variables may be analyzed
in a switching regression model, including fixed effects in panel data, and statistical in-
ference tests may be carried out. Depending on whether a variable affects demand or

2 While Montgomery’s work is similar to this article in the application of the switching regression method-
ology, it differs in several ways: Montgomery’s modeling of the constraint is closer to the original Easterlin
framework, by focusing on variables such as the age of marriage rather than on Malthusian factors such as
medical conditions. Empirically, Montgomery uses household survey data from the WES for two countries. He
uses information on contraceptive use to divide observations into constraint and demand. Contrarily, the regime
assignment in this article is done by the switching regression method itself.
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the Malthusian constraint, its impact on fertility may be different. Switching regressions
allows one to distinguish between the effects on demand and the Malthusian constraint.
Finally, on a technical level, there is no need to know whether an observation was caused
by the Malthusian constraint or by the demand for children. Instead, the switching regres-
sion method used in this paper allows for the calculation of assignments probabilities; i.e.,
values representing the probability of belonging either to the constraint or to the demand.

Conceptually, this paper borrows mainly from Easterlin’s supply-demand framework.
It has reduced Easterlin’s three components of fertility to two components, and represents
them in an unified optimization framework along the lines of Galor and Weil (1999).
The main focus of this paper is empirical. While several determinants of the Malthusian
constraint and demand are briefly discussed from a theoretical point of view in the next
section, the focal point of the paper is the estimation of their impact using switching
regressions.

The estimation of the switching regression framework reveals the following: Malthu-
sian factors, while important in 1953, weakened over time and have lost their significance
today; demand factors, on the other hand, have become more important. This shift from
the Malthusian constraint to the demand for children is sufficient to explain the reversal
of the relationship between income and the number of surviving children over the sample
period.

This paper is organized as follows: Section 2. discusses the conceptual framework
in more detail. Section 3. outlines the adaption of a switching regression model to the
setting. Section 4. covers the data. Section 5. presents the results of the estimations.

2. Conceptual framework

In its original statement (Easterlin 1975, 1978), Easterlin’s supply-demand framework
contains three components: supply, demand and contraception costs. The following sim-
plification abstracts from the third component (the reasons will be discussed bellow) and
focuses on the two main ingredients, demand for children and the Malthusian constraint,
the latter term being used instead of “supply”. The “demand for children” represents the
result of the utility maximization of parents with respect to their budget constraint. The
“Malthusian constraint” constitutes an additional constraint to the maximization problem,
by setting lower bounds on consumption and the quality of children. For a low level of in-
come, the Malthusian constraint is thus binding. This constrained optimization framework
is closer to the standard microeconomic model than Easterlin’s original setting; it will be
discussed in the first subsection. Subsections 2.2 and 2.3 list several factors influencing
the demand for children and the Malthusian constraint, while the two final subsections
discus two difficulties of the approach, namely aggregation and birth control.

726 http://www.demographic-research.org
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2.1 A constrained optimization framework

The utility that parents get from their children depends on both the quantity and the quality
of the children and is represented by:

U= f(cvna q) (M

where c is the parents’ consumption, n is the number of surviving children and ¢ is the
quality of children, which is assumed to be identical for all children. “Quality” has the
same meaning as in Becker (1960, p. 211); it is the result of nursing, education and other
investments of time or money. The analysis focuses on the number of surviving children,
as parents are primarily interested in children growing into adulthood.

Parents spend their income on children and consumption goods, according to the fol-
lowing budget constraint:

ngp+c=1 2)

where p is the price for a quality-unit of a child and I is total income. Prices are denoted
in terms of consumption goods, the price of one unit of c is therefore equal to 1. The
unit-price (or “shadow”-price) of a child is proportional to the level of quality. Similarly,
the price of a unit of quality for each child is proportional to the number of children.
Consequently, as long as the income elasticity of quantity is sufficiently smaller than
the income elasticity of quality, a negative relationship between income and the number
of children occurs (see Becker and Lewis (1973) for a more lengthy discussion on the
subject).
The solution to the optimization problem can be written the following way:

np is the interior solution to the maximization problem and will be defined as the demand
for children. Note that, given the assumption on the income elasticities of quantity and
quality, the relationship between I and np is negative.

While Eq. (3) appropriately describes the optimal fertility decisions for high levels
of income, it does not for very low levels. If parents are poor, they cannot lower their
consumption to arbitrary low levels, nor can they lower their children’s consumption.
There is a minimal consumption constraint for the parents as well as a minimal quality
requirement for a child:

Cmin 4

(AVARLYS
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In order to keep the discussion simple, it is assumed that these constraints are binding
at the same level of income, thereby excluding a situation where only one constraint is
binding. If both constraints are binding, the budget constraint (2) can be rewritten:

I in
ne = L~ Cmin (6)

SO Cmins @min and I are constraining the possible number of surviving children. The op-
timization problem now becomes trivial as parents choose the maximum possible number
of surviving children. Therefore, nc, defined as the Malthusian constraint, is a bound-
ary solution to the maximization problem in (1) and (2), when the minimal consumption
constraint and the minimal quality requirement are binding. Note that the relationship
between [ and n¢ is positive.

Above a certain level of income, n 4, the overall solution to the maximization problem,
is equal to np; below, n 4 is equal to nc. Equivalently, the solution can be represented in
the following form:

na = min(np,nc) @)

which states that the actual number of surviving children is the minimum of the demand
for children and the Malthusian constraint. Note that the relationship between I and n 4
is increasing first and then decreasing, showing the empirically observed hump-shaped
pattern.

2.2 Factors influencing the demand for children

In Eq. (3), the negative relationship between I and n p arises from the substitution of child
quantity by child quality, which is itself the result of different income elasticities of quan-
tity and quality, as has been argued by Becker and Lewis (1973). However, the negative
relationship may be reinforced by alternate mechanisms. For instance, if childrearing is
done predominantly by women, higher relative wages for women will increase the oppor-
tunity costs of having children and thus reduce demand for them (Galor and Weil 1996,
1999).

Other mechanisms work on an aggregate level, leading to a negative correlation be-
tween the average income of a country and the average demand for children. Over the
course of industrialization, the return to human capital may increase and induce parents
to substitute quality for quantity (Galor and Moav 2003; Galor 2005). Compulsory educa-
tion or a ban on child labor can have a similar effect (Hazan and Berdugo 2002; Caldwell
1980). Also, the net costs of children may rise as they contribute less to the household
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income (Caldwell 1976). Therefore, even if Becker’s assumption about the income elas-
ticities of quantity and quality is not valid, the relationship between I and np in Eq. (3)
may still be negative.

The strength of the negative relationship between I and np also depends on the source
of I. If an increase in [ is the result of an increase in the wage, we would expect a strong
negative relationship, due to the increased opportunity costs of childrearing. On the other
hand, if I represents a pure increase in income without an effect on opportunity costs (e.g.,
by selling oil), a less pronounced relationship has to be expected. Finally, the demand
for children may depend on religion or culture. If cultural acceptance of small families
becomes more popular, individual preferences will be shifted towards a lower number of
children (McQuillan 2004; Fernandez and Fogli 2006).

2.3 Factors influencing the Malthusian constraint

As is obvious from Eq. (6), income relaxes the Malthusian constraint, by making more
surviving children affordable. Other than income, improvements in general health condi-
tions will lead to an increase in the Malthusian constraint: In Eq. (6), an improvement in
general health conditions can be thought of as a reduction in ¢,,;,, the minimal quality
requirement for a child. Most obviously, a reduction in child mortality leads to a lower
Qmin by lowering the number of births necessary to achieve a certain number of surviving
children. Also, birth costs may be reduced as the number of miscarriages decreases and
the risk for a mother during pregnancy falls. Finally, minimal child care costs may be
reduced, as, for example, an improvement in sanitation makes breastfeeding less indis-
pensable.

Thus, exposed to steady medical progress, the Malthusian constraint is expected to
relax over time. For example, the discovery of the smallpox vaccination led to an increase
in ne, irrespective of income. Also, an improvement in general health conditions may be
connected to an increase in aggregate income. For example, a public health care system or
well-developed sanitation are more likely to be present in a more affluent country. On an
aggregate level, this could lead to an even stronger positive relationship between income
and the Malthusian constraint.

http://www.demographic-research.org 729
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2.4 The problem of birth control

Up to this point, it has been assumed that people are always able to control their fertility.
If that is not the case, actual fertility will be higher than the minimum of demand and
the constraint. As long as the Malthusian constraint is binding, contraception failure will
not increase the number of surviving children, as Malthusian “positive checks” will make
up for the failure. A failure of birth control could even reduce the number of surviving
children.

Howeyver, as soon as the demand for children determines the actual number of surviv-
ing children, excess fertility could occur. The magnitude of excess fertility depends on
income in two opposite ways. First, an increase in income widens the potential fertility
regulation gap nc — np. Second, it eases the access to contraceptions. For high levels of
income, the second effect will eventually dominate.

In the following, the problem of birth control will not be pursued further, as it is diffi-
cult to incorporate it into the switching regression setting. Furthermore, the omission may
be justified by the analysis of Pritchett (1994), who finds that, a) on an aggregate level,
there is a very close relationship between desired and actual fertility; b) the costs and
availability of contraceptives have no effect on desired fertility; and c) the costs and avail-
ability of contraceptives have only a very small effect on excess fertility. He concludes,
that, while contraceptive prevalence is an important proximate determinant of fertility, it
is negligible as an ultimate causal determinant of fertility. Contraceptive use is higher in
countries with lower fertility because desired fertility is lower in these countries.

2.5 The problem of aggregation

Aggregating Eq. (7) leads to another complication: On an aggregate level, the minimal
condition would be only valid if all individuals in a country were equal and were repre-
sented by a ‘representative agent’. If individuals differ of their characteristics, the average
value of n 4 is systematically lower than the minimum of the averages of np and n¢:

RN P
A= Zmln(nDi,nCi) < min(7p, fic)
i=1

For example, a rich and a poor couple may have the same low value of n4 for very
different reasons: The rich couple’s fertility is determined by n p, while the poor couple’s
fertility is determined by n¢. Thus, in theory, the higher the income inequality, the more
pronounced is the downward bias.

This is a general problem of switching regressions. The downward bias problem has
been treated in the original econometric literature by Lambert, Lubrano, and Sneessens
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(1984) and Dreze and Bean (1988). It can be shown analytically that, under the assump-
tion of a log-normal distribution, the aggregation leads to an expression of a ‘Constant
Elasticity of Substitution’ (CES) form, which smooths the relationship.

There are two reasons that the problem is of minor importance in practice: First, in a
Monte Carlo analysis, Quandt (1986) has shown that, from an econometric perspective,
the individual model, applied to aggregate data, often leads to better estimations than the
aggregated CES model. Second, in our specification, the inclusion of Gini-coefficients
will shift the demand for children and the constraint in opposite directions (it decreases
the Malthusian constraint and it increases demand, possibly acting as a proxy for some
other development-related factors; see specification (9) in the appendix). If the downward
bias was severe, both functions would be affected negatively.

In the following, 7 4, . p, and ¢ are used in the same way as the individual functions,
and the notation of averages will be ignored from here on.

3. Estimation by switching regressions

3.1 The model

Let us start with a linear formulation of the framework from the previous section:

npi = Z'pOp + up; (8)
nei = xebo+ uci &)
ng; = min(nei, Npi) (10)

The first two equations are restatements of the demand for children (3) and the Malthusian
constraint (6). Both np; and n¢; are combinations of independent variables, x p; and z¢;,
which both may include the same variables; and an equation-specific error term, up; or
uci. The third equation is identical to the minimum condition (7) and links the demand
for children and the Malthusian constraint to the actual number of surviving children.
Both np; and n¢; are latent variables. For each unit, at any point in time, there is a
realization of both the demand for children and the Malthusian constraint. However, only
the lower of the two is relevant for n 4;. Because data is available only on n 4;, being the
lower one of np;, and n¢; is the only way for a latent variable to become observable.
The problem is the same as in the original setting of switching regressions, as formu-
lated by Fair and Jaffee (1972). Fair and Jaffee intended to estimate supply and demand in
the housing market, which was, by assumption, generally out of equilibrium. According
to Fair and Jaffee, housing prices are inflexible, due to rigidities, and the traded quantity
of housing is equal either to the demanded or to the supplied quantity. If supply is above
demand, the demanded quantity is traded — there are empty houses. If demand is above
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supply, however, the supplied quantity is traded — there are people without homes. As
long as there is no data on supply and demand, these underlying functions need to be
estimated from data on the number of houses actually traded.

In the present setting, nc; is observable as long as it is lower than np;. Economically,
this implies that consumption and child quality are equal to their lower bounds, and there-
fore the actual number of surviving children is determined by the budget constraint. Such
a situation is more likely, for example, if the country has a bad medical environment (a
low n¢;) and a high prevalence of child labor (a high np;). Similarly, it is more likely for
net fertility to be determined by n¢; if a country is poor, as being poor implies both a low
nc; and a high np; at the same time.

How is such a model to be estimated? As mentioned, no information about n¢; or np;
is available, nor about whether an observation of n 4, was actually determined by n¢; or
np;. If the second item of information were available, one could imagine estimating (8)
and (9) by OLS. This is, by the way, what Fair and Jaffee did. However, this approach
would lead to misleading results. The problem is that whether a value of n¢; is lower
than np; or not depends not only on n¢;, but also on np;. Thus, both equations need to
be estimated simultaneously.

The following maximum likelihood approach takes account of the problem, and does
not require ex-ante information about whether an observation of n 4; was actually deter-
mined by n¢; or np;. Instead, the information is inferred from data on 7 4,;. The adopted
methodology originates in the work by Amemiya (1974) and Maddala and Nelson (1974).
The latter derived the likelihood functions for several variants of the original Fair and Jaf-
fee Model, including the possibility of an unknown sample separation. A summary of the
switching regression literature can be found in Maddala (1983), Maddala (1986), and in
Quandt (1988).
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3.2 Derivation of the likelihood function

In order to derive the likelihood function of this model, it will be assumed that up; and
uc; are independent (012370 = 0),? serially uncorrelated and normally distributed with
a mean of zero and a variance of 0% and o2, respectively. Using Eq. (8) and (9) and
the assumptions about the distribution of the error terms, the distribution and the density
functions can be written down.*

Let us consider the case in which actual fertility is determined by the Malthusian
constraint; i.e., n4; = nc;. In this case, the conditional density function of n 4; is given
by:

h(naslnc: <np;) = / g(nai,np;)dnp;/1L; (11

Ai

= fo(nai)(1 = Fp(nai))/1;

g(npi,nc;) denotes the joint density function of np; and n¢;. Because up; and uc; are
independent, g(np;, nc;) is equal to fp(np;) - fo(nei). Additionally, I1; is defined as
the probability that an observation of actual net fertility is determined by the Malthusian
constraint (II; = Pr(ne; < np;)). Intuitively, the integral denotes the likelihood of
na; = nc; times the probability that np; > n ;. Dividing the integral by II; yields the
likelihood of n 4;, given that n4; = ne;.

3 There are variables (e.g. income) that affect both the Malthusian constraint and the demand for children.
If such a variable was omitted, the errors would be correlated. The assumption of independence thus requires
that the model is correctly specified and no major factor affecting both functions has been omitted. Goldfeld
and Quandt (1978) have extended the present method to positive or negative correlations between the residuals.
However, their method frequently leads to nonsensical results — as in the present case, where the correlation
converges towards +1.

4 Solving (8) and (9) for the error term and substituting into the normal density and distribution function, one
gets:

1 1
fo(npi) = Nz exp {—%QD(nm - ﬁ,DJjDi)Q:|
1 1 , )
felnei) = \/TTO‘CGXP _Q(n(}i — Bexcq)
npig np; — ﬁ, D
J —oo
ngci no; — ,6/ TCi
Fe(nei) = / fo(nei)dne, = @ (ZTCZ
— 00
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On the other hand, if n4; = np;, the conditional density function of n 4; may be
derived along the same lines:

h(nailnci > npi) fo(nai)(1 — Fo(nag))/(1 = 11;)

As n 4; is determined by n¢; with probability I1; and by n p; with probability 1 —II;,
the unconditional density function of n 4; is the weighted sum of the conditional density
functions (11) and (12):

h(nai) = TIih(nailnci < npi)+ (1 —1L;)h(nailnc: > npq)
fe(nai)(1 = Fp(na;)) + fo(nai)(1 — Fo(nai))

Intuitively, (12) denotes the likelihood of an observation of actual net fertility, given that it
is determined either by the Malthusian constraint or the demand for children, and given the
fact that the lower component of the two determines actual fertility. Hence, the likelihood
function is the product of (12) for all N observations:

L = h(na;) (12)

—

i=1

In order to estimate the model, the parameters 3p, B¢, aQD and 020 have to be chosen such
that the value of (12) is maximized.’

Ex-post, with the estimations of the parameter in hand, the probability that an obser-
vation of actual fertility is determined by the demand for children (AP, = Pr(ng; <
npi|na;i)) or by the Malthusian constraint (1 — AFP;) can be calculated (See the appendix
for the derivation of AP;). Thus, estimating the model will also reveal information that
was missing in the beginning; i.e., it will tell us whether a country’s net fertility was
determined by the Malthusian constraint or by the demand for children.

5 In order to maximize (12), the coefficients 3p and B¢ must be chosen numerically. In the present case,
maximization is not without problems: First, the likelihood function is unbounded for certain parameter values.
If, for example, 0123 > 0 and a% goes to 0, the likelihood goes to co. This problem is solved by constraining
op and o¢ at the bottom. As has been shown (Maddala 1983), a consistent estimator of the true parameter
is a local maximum, even if the function diverges for some values. Second, the likelihood function may have
several local maxima, and the correct one has to be found. The optimization is done using the BFGS algorithm,
implemented as part of the R “optim()” function.
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3.3 Specification

The simplest specification of a switching regression model contains the net rate of re-
production (NRR) as its left-hand variable, and one single exogenous variable, GDP per
capita, included both in the n¢; and in the np; function. This most parsimonious spec-
ification is not fully identified, as both functions are based on the same set of variables.
Thus, no; can be arbitrarily interchanged with n p;. Contrary to what one expects from a
traditional equilibrium model, such an unidentified model may be estimated nevertheless.
In order to reach identification, some additional identifying assumption has to be made.
For example, it may be assumed that demand has a negative slope in GDP per capita,
while the constraint has a positive slope. This is indeed what we do as a starting point in
Section 5.

Full identification is reached by including additional, function-specific variables. While
GDP per capita is generally included in both functions, several demand-specific variables
will be used as well. We will include measures on religion, education, urbanization and
oil exports in order to analyze their specific effect on the demand for children. As for
supply-specific variables, a child mortality measure will be used as a proxy for the gen-
eral medical environment. Finally, the use of a time trend variable allows for tracing the
n¢; and np; function over time. Alternatively, time dummy variables may be included in
order to control for any time-specific effects on both functions.

4. Data

This section deals with the choice of the data. Table 1 shows the descriptive statistics of
the variables in use, while Table 2 offers some examples for several countries in different
world regions and time periods.

There are at least three ways to measure fertility: population growth rates, total fertil-
ity or net reproduction rates. While population growth rates are problematic, as they are
influenced by immigration and age structure, total fertility rates do not account for child
mortality. That leaves us with net reproduction rates (NRR). The NRR is the hypothetical
number of surviving girls a woman could give birth to in her lifetime. It is calculated as
the sum of all age-specific fertility rates times the probability of reaching the correspond-
ing age.® Because the NRR covers only girls, the actual number of surviving children

6 Formally, the NRR may be written as:

7
NRR = »  ASFR{ - SR
i=1

where ASFR‘II is the age-specific probability of women between 15 and 19 giving birth to a daughter; ASFRg is
the age-specific probability of women between 20 and 24 giving birth to a daughter, etc. ASFR? finally denotes
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is approximately twice as high. A useful trick is to think of NRR numbers as pairs of
children. Data on NRR has been taken from the Demographic Yearbook of the United
Nations (United Nations Statistics Division 2001). The source contains an NRR num-
ber for every fifth year between 1953 and 1998, a maximum of 10 observations for each
country. Altogether, data for 152 countries is available, but as some values are missing,
the total number of observations is 1358.

GDP per capita is used as a proxy for income, as it is estimated by Maddison (2003).
The values are noted in purchasing power adjusted dollars of 1990. It is thus possible
to compare those numbers between countries and over time. In fitting the data to the
assumption of a normal distribution, logs are taken of all values of GDP. However, in
Tables 1 and 2, non-logarithmic values are reported.

Table 1: Descriptive statistics — Net rate of reproduction, GDP per capita
(PPP Dollars of 1990), infant death rate (%), education (years), ur-
banization (fraction), heavily dependent on oil (dummy), Catholics
(fraction), Muslims (fraction)

Variable Mean Sd.Dev. Min Median Max  Numb.
Net Rate of Reproduction 1.80 0.60 0.50 1.90 3.30 1358
GDP per capita 4467 5381 258 2351 42916 1358
Infant Death Rate 9.20 6.10 0.40 9.00 26.30 1208
Years of School 4.40 290 0.00 3.90 12.20 868
Urbanization 0.45 0.25 0.02 0.43 1.00 1090
Oil Exporter 0.13 0.33 0.00 0.00 1.00 1358
Catholics 0.32 0.36  0.00 0.13 0.97 1358
Muslims 0.27 0.38 0.00 0.02 1.00 1358

the age-specific probability of women between 45 and 49 giving birth to a daughter. SR? is the probability
that a daughter reaches the age of the mother. In this version of the NRR as well as in the in the Demographic
Yearbook, ASFR? and SR;’Z denote five-year numbers.
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Table 2: Examples, 1963 and 1993 — Net rate of reproduction, GDP per
capita (PPP Dollars of 1990), infant death rate (%), education
(years), urbanization (fraction), heavily dependent on oil (dummy),
Catholics (fraction), Muslims (fraction), Assignment probability
(based on specification (6) from Table 4)

Country NRR GDP/c. InfD. School Urb. Oil Cath. Mus. APr.

1963

Liberia 2.0 1204 180 06 021 0 002 021 0.13
Mali 1.9 543 208 02 012 0 0.01 0.80 0.00
Peru 24 3334 136 31 050 0 095 0.00 0.62
Korea, Rep. 2.1 1316 70 44 031 0 004 000 097
Afghanistan 1.7 723 21.1 09 009 O 0.00 099 0.00
India 1.8 779 157 1.5 018 0 001 012 0.15
Italy 1.1 7262 40 48 061 O 083 0.00 1.00
Sweden 1.1 9917 .5 77 075 0 0.01 0.00 1.00
United States 1.6 12242 25 92 071 0 030 0.01 1.00
1993

Liberia 2.1 1193 200 23 048 0 0.02 021 045
Mali 24 737 159 07 025 0 0.01 0.80 024
Peru 1.5 3034 75 69 070 0 095 0.00 1.00
Korea, Rep. 0.8 10232 1.1 101 076 0 0.04 0.00 1.00
Afghanistan 2.1 476 163 1.1 019 0 0.00 099 0.10
India 1.4 1399 78 42 026 0 001 012 1.00
Italy 0.6 16436 07 66 067 0 083 0.00 1.00
Sweden 1.0 16545 05 112 084 0 0.01 0.00 1.00
United States 1.0 23616 0.8 122 077 0 030 0.01 1.00
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Figure 1 plots the evolution of the relationship between logarithmic GDP per capita
and the NRR in the sample data. The line represents a nonparametric estimation of the
relationship.” The simple bivariate plots already reveal a striking reversal of the relation-
ship between income and net fertility. While there was a positive relationship for poor
countries in 1953, the relationship is negative for all levels of income in 1998.

Several additional variables are used for the estimation of the demand for children and
the Malthusian constraint. The infant death rate, taken from the Demographic Yearbook
(United Nations Statistics Division 2001), serves as a proxy for the medical environ-
ment. Schooling data has been taken from the Barro-Lee data set on educational attain-
ment (Barro and Lee 2000). The percentage value of urbanized households, the number
of physicians per 1000 and Gini-coefficients are from the World Developing Indicators
database (World Bank 2008). The percentage values of Catholics and Muslims are taken
from a data set of a paper by La Porta et al. (1999). Finally, a dummy variable indicates
whether a country is heavily dependent on oil or not. If the earnings of oil exports ex-
ceed 10% of GDP, a country is defined as heavily dependent on oil. The data about oil
dependency are from Ross (2001); the United Arab Emirates were added by the author.

Figure 1: Net reproduction rate (NRR) and logarithmic GDP per capita for
six points in time between 1953 and 1998; the line denotes a non-
parametric LOESS estimation with o = 0.8
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7 The method in use is a local regression with a variable bandwidth known as LOESS. A tricubic kernel and a
span of a = 0.8 is used. See Simonoff (1996) for a detailed description.
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Figure 1: (Continued)
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5. Results

5.1 The basic model

The first specification contains the NRR as its left-hand variable, and GDP per capita as
the only exogenous variable included in both functions. Each point in time from 1953
to 1998 is examined separately. The results of these estimations for three points in time
are reported in Table 3. In line with expectations, the GDP per capita coefficient in the
constraint function is positive, while it is negative in the demand function, a result that
also holds for the remaining points in time. Assuredly, the results are somewhat arbitrary,
as the constraint and the demand function could be interchanged.

In 1958, for example, an increase in logarithmic GDP per capita of 1 relaxes the
Malthusian constraint by 0.369 NRR points. Accordingly, doubling non-logarithmic GDP
per capita relaxes the Malthusian constraint by about 0.256 pairs of children (log(2) -
0.369). As NRR numbers can be thought of as pairs of children, this corresponds to about
0.5 surviving children. At the same time, doubling non-logarithmic GDP per capita led to
a decrease in the demand for children of about 0.6 surviving children (2-log(2) - —0.463).

The standard deviation of the slope coefficient follows a specific pattern over time in
both functions. In case of demand, the estimation becomes more precise as time passes; in
case of the constraint, the estimation becomes less precise. The alternative hypothesis of
a linear relationship between GDP per capita and NRR (instead of a switching regression
model) can be rejected by a likelihood ratio test on the 1 % level in all periods except 1998
(rejection fails narrowly on the 5 % level) and in all periods by a Wald-Test.

Figure 2 graphically illustrates the estimations for 1958 and 1998. The dashed line
represents the demand for children, the solid line the Malthusian constraint. The gray
scales of the observation points indicate the probability that an observation belongs to
the demand function as calculated by Eq. (14) in the appendix. While in 1958 the ma-
jority of the observations are likely to be determined by the constraint, in 1998 almost
all observations are determined by demand. Owing to the lack of constraint-determined
observations in 1998, the position and the slope of the constraint function are determined
only imprecisely in the latter period.
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Table 3: The determinants of the NRR (1) — Maximum likelihood estima-
tion of the switching regression model; separate estimation in 1958,
1978, 1998 (1) to (3); pooled sample (4), time trend (5), time fixed
effects (6). Standard errors from 2"? derivatives in parentheses; *
significant at 5%, ** at 1%. All fixed effects in (6) are jointly signifi-
cant at 1% (LL-ratio and Wald)
1958 1978 1998 all (1) all (2) all (3)
Constraint
Constant —0.407 0.797 0.378 —0.287 —0.502 —0.130
(0.444) (0.608) (0.802) (0.204) (0.192)%x (0.188)
Time-Trend 0.013
(0.002)
Log(GDP/c.) 0.369 0.233 0.294 0.375 0.374 0.355
(0.066)** (0.089)xx* (0.123)x  (0.030)** (0.028)*x (0.027):x
Variance 0.077 0.107 0.071 0.111 0.098 0.093
(0.014)x* (0.032)%x (0.032)%  (0.009)*x (0.008)x (0.007)x:
Demand
Constant 5.899 6.398 4.760 6.051 6.060 5.379
(1.196)#% (0.835)x* (0.334)%x (0.245)*% (0.214)*x (0.214)*x
Time-Trend —0.016
(0.002)
Log(GDP/c.) —0.463 —0.536 —0.407 —0.511 —0.464 —0.477
(0.140)#x (0.095)x:x (0.040)*x (0.028)x% (0.024)*x (0.025)x
Variance 0.489 0.449 0.213 0.414 0.358 0.354
(0.132)#x  (0.092)#* (0.029)*x (0.024)** (0.020)*x (0.020)x*
Log-LL 63.60 91.51 83.32 931.81 867.31 834.36
n 130 130 150 1358 1358 1358
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Figure 2: A graphical representation of the 1958 and 1998 estimations from
Table 3; the Malthusian constraint is represented by the solid line,
the demand for children by the dashed line; the gray scales denote
the probabilities that an observation was determined by the de-
mand for children (black: AP; = 0, white: AP; = 1)
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By pooling the data, the shifts of the demand for children and the Malthusian con-
straint may be analyzed over time. The resulting autocorrelation, which violates the
assumption of independence of the residuals, should not be a matter of concern, as the
number of points in time (10) is very low compared to the number of units (152). The
fourth column in Table 3 reports the estimation of the switching regression model in a
pooled sample. The results are very similar to the period-by-period regressions.

Specification (5) includes a time trend both for the demand and the constraint function.
The time trend measures the number of years since 1953 (for example, in 1998, the time
trend has a value of 45). In line with expectations, the constraint function moves upward
over time, and the demand function moves downwards.® On average, the Malthusian
constraint relaxes by 0.013 NRR points per year, leading to an increase of 0.585 NRR
points over the whole sample period. The demand for children decreases by 0.016 NRR
points per year, leading to a decrease by 0.720 pairs of children over 45 years. Finally,
instead of a time trend, specification (6) uses dummy variables for each point in time.
Again, the coefficients for GDP per capita are very similar.

8 Including a time-GDP interaction term—thereby allowing the slopes of the demand and the constraint func-
tions to change over time—does not increase the likelihood enough to pass a likelihood ratio test.
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5.2 Specific explanatory variables

Thanks to its parametric nature, the switching regression framework allows the inclusion
of additional variables. As mentioned above, including function-specific variables solves
the identification problem. Table 4 shows some results with specific explanatory variables.
The first specification includes three demand-specific variables: The ratio of Muslims,
the ratio of Catholics and a dummy variable indicating whether a country is a major oil
exporter or not. All three variables are significant and have the expected sign: other things
being equal, the demand for children in a completely Muslim country is 0.638 NRR points
higher than in a non-Muslim country. In a completely Catholic country, the same value
is 0.407 compared to a non-Catholic country. Similarly, being heavily dependent on oil
exports increases the demand for children by 0.756.

Table 4: The determinants of the NRR (2) — maximum likelihood estima-
tion of the switching regression model; demand-specific explanatory
variables (1) to (3); constraint-specific variables (4); specific vari-
ables for both functions (5), (6). Standard errors from 2"! deriva-
tives in parentheses; * significant at 5%, ** at 1%

1) (2) 3) @ ) (6)

Constraint
Constant —0.446 —0.197 —0.892 1.333 1.803 1.847
(0.190)+  (0.250)  (0.388)%  (0.224)x% (0.220)x (0.441)%x
Time-Trend  0.014 0.007 0.006 0.005 0.003 0.004
(0.002)#% (0.003)%x* (0.004) (0.002)*x (0.002)*  (0.003)
Log(GDP/c.) 0.365 0.346 0.449 0.224 0.188 0.190
(0.027) %% (0.034) % (0.053)*x (0.026)** (0.025)** (0.048)x
Infant Death —0.049 —0.061 —0.064
(0.005)** (0.005)** (0.009)

Variance 0.104 0.119 0.110 0.076 0.075 0.069
(0.008)*x (0.012)%* (0.016)#* (0.006)*x (0.006)+* (0.010)x*x
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Table 4: (Continued)
D (2) 3 4) )] (6)
Demand
Constant 5.700 5.659 4.895 6.309 5.859 4.689

(0.173) %% (0.205)#x (0.264)*x (0.234)x% (0.177)%x (0.274)*x
Time-Trend —0.016 —0.021 —0.015 —0.014 —0.013 —0.015

(0.001)#% (0.002)#* (0.002)*x (0.002)** (0.001)*x (0.002)sx*
Log(GDP/c.) —0.472 —0.419 —0.308 —0.498 —0.500 -0.277

(0.020)%% (0.027)%% (0.037)%% (0.027)%% (0.021)% (0.039)%%

School y. —0.077 —0.083
(0.012) % (0.013)

Urban —0.427 —0.097 —0.165

(0.104) %% (0.112) (0.121)

Oil 0.756 0.798 0.501 0.793 0.562
(0.068) % (0.070)s%% (0.072) (0.074) %% (0.077) %3

Catholic 0.407 0.428 0.286 0.420 0.321
(0.046)xx (0.047)%x (0.052) (0.048) %% (0.055) 3

Muslim 0.638 0.651 0.429 0.770 0.484
(0.063) %% (0.065)%% (0.085)+x (0.071) %% (0.085)%x

Variance 0.208 0.181 0.152 0.381 0.202 0.152

(0.011)*% (0.010)#* (0.010)*x (0.023)** (0.011)*x (0.010)x*

Log-LL 630.06 481.29 292.06 721.01 470.59 228.75
n 1358 1090 762 1208 1208 664

The second specification adds an urban variable, which turns out to be significant and
shows the expected sign. A completely urbanized country tends to have a demand for
children that is 0.427 NRR points lower than a rural country. The third specification also
includes the average years of schooling. Including education data further decreases the
sample size. An additional year of schooling decreases the demand for children by 0.077
NRR points. At the same time, including educational data lowers the coefficients of GDP
per capita, suggesting that part of the negative correlation between GDP per capita and
the demand for children was driven by the negative correlation between education and
the demand for children. The religion coefficients are similar here, compared to those in
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the more parsimonious specifications, while the coefficient on urbanization still has the
expected sign, but is not significant any more.

On the constraint function, the fourth specification includes the infant death rate. As
expected, a higher rate tightens the Malthusian constraint. An increase in the infant death
rate by one percent point tightens the constraint by about 0.05 NRR points.’ Finally,
the two last specifications include the same demand-specific variables as in (1) to (3).
Altogether, an inclusion of the infant death rate does not change the size of the demand
coefficients significantly.

The last specification is the most extensive formulation. Its graphical representation
is given in Figure 3. For ease of comparison, the observations are plotted in the same two
dimensional GDP per capita and NRR space as in Figure 2. However, the calculated as-
signment probabilities are based on the multivariate estimation of specification (6). While
it is still true that poorer countries are more likely to have a constraint-determined fertility,
there are interesting exceptions to the rule. Consider, for example, South Korea (KOR)
and Liberia (LBR) in 1963 (all data for these countries can be found in Table 2). The
GDP per capita was about the same in 1963 in both countries (Liberia: 1204 $, Korea:
1316 $), as was the Net Rate of Reproduction (Liberia: 2.05, Korea: 2.11). The sharp
differences behind the superficial similarities are reflected in very different assignment
probabilities. Liberia’s assignment probability in 1963 was 0.13, indicating that Liberia’s
fertility was likely to be determined by the Malthusian constraint. On the other hand,
Korea’s assignment probability was 0.97, indicating that Korea’s net fertility was almost
surely determined by demand. These differences arise from differences in the explana-
tory variables. Child mortality, for example, was much higher in Liberia than in in Korea,
indicating a lower Malthusian constraint function in the latter country. On the other hand,
the demand for children was likely to be lower in Korea than in Liberia, due to a higher
level of education and a lower ratio of Muslim population.

9 The infant death rate is used because its data has the same coverage as the NRR. However, one could argue
that the infant death rate is already included in the NRR, thereby causing a potential endogeneity problem. In the
appendix, the benchmark estimation is repeated using the number of physicians instead of the infant death rate as
a proxy for the Malthusian constraint (specification 8). As there is a lack of complete time series for the number
of physicians, the estimation relies on average values for each country. However, we get qualitatively very
similar results to the benchmark estimation: More physicians increase the Malthusian constraint, while all other
coefficients remain almost unchanged. It is often argued that the infant death rate also influences the demand
for surviving children. (Kalemli-Ozcan (2003), for example, argues that there is a precautionary demand for
children, and that, if the mortality rate decreases, uncertainty falls and thus the demand for surviving children
decreases.) This is confirmed by our data: Specification (7) in the appendix includes the infant death rate in both
the demand and the constraint function. While the coefficient of the infant death rate continues to be negative in
the constraint function, the coefficient is significantly positive in the demand function.
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Figure 3: A graphical representation of the assignment probabilities gener-
ated from estimation (6) in Table 4; 1963 and 1993; the gray scales
denote the probabilities that an observation was determined by the
demand for children (black: AP; = 0, white: AP; = 1)
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6. Conclusion

This paper estimates a simplified version of Easterlin’s supply-demand framework using
a switching regression technique. In 1953, many poor countries had not yet completed the
demographic transition. Accordingly, the determination of net fertility in these countries
was very different than in post-transitional countries. Income, for example, generally had
a positive impact on net fertility in poor countries, while it has a negative impact today.
Easterlin’s supply-demand framework offers an explanation for this fact by attributing
the positive relationship to Malthusian “supply” factors and the negative relationship to
“demand” factors.

Using switching regressions, this paper empirically traces the shifts in the Malthusian
constraint and demand in a panel data set of 152 countries from 1953 to 1998. The
switching regressions technique, originally developed for the analysis of disequilibrium
markets, allows for the estimation of these two elements without observing them, relying
purely on the data on actual net fertility. Also, the method makes it possible to identify
additional factors affecting the Malthusian constraint and demand, such as the source of
income, urbanization, religion or the medical environment.
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Several variables are found to affect the Malthusian constraint: Doubling non-
logarithmic GDP per capita relaxes the constraint by between 0.3 and 0.5 surviving chil-
dren. An increase in the infant death rate by one percentage point tightens the constraint
by 0.1 surviving children. Over the whole sample period, the constraint relaxes by be-
tween 0.3 and 1.6 surviving children. At the same time, doubling the non-logarithmic
GDP per capita decreases the demand for children by between 0.4 and 0.7 surviving chil-
dren. An additional year of education decreases the demand for children by about 0.16
surviving children. Also, the demand for children increases if a country has a high per-
centage of Muslims (1.0 to 1.3) or Catholics (0.6 to 0.8), or if it is heavily depended on oil
exports (1.1 to 1.5). The effect of urbanization on the demand for children is significantly
negative in some specifications, but not in others.

Over time, a combination of higher GDP per capita, a decrease in the infant death rate
and an increase in education explain part of the shift from the Malthusian constraint to
the demand for children in many countries. In addition to that, there is an unexplained
upward shift over time in the Malthusian constraint and a downward shift in the demand
for children. The cumulation of these shifts is sufficient to explain the reversal of the
relationship between income and the number of surviving children over the sample period.

The shift from a Malthusian determination of net fertility to demand is one of the
interesting and most relevant interpretations of the analysis. Malthusian factors, while
important in 1953, relaxed over time and have lost their significance today; demand fac-
tors, on the other hand, have become more important. This has an important implication
for the analysis of fertility. While the inclusion of Malthusian factors, such as child mor-
tality, is essential for a historical analysis of net fertility, it is less indispensable today.
Obviously, Malthusian factors are irrelevant for most people’s fertility determination in
developed countries, as their fertility is exclusively determined by demand. But also in
many developing countries, net fertility overwhelmingly relies on demand factors.

Future research should analyze this shift from constraint to choice more systemat-
ically. In order to analyze the reduced relevance of Malthusian factors, the calculated
assignment probability is valuable in empirical research, as it allows to separate Malthu-
sian from demand regimes. The switching regression framework itself could be extended
by the inclusion of new variables or by taking into account the work of Dreze and Bean
(1988) and others, who show that, when aggregated, switching regressions merge into a
smoothed nonlinear function. Also, it would be desirable to incorporate a potential birth
control problem into the model. Finally, the switching regression framework could be
applied to individual or household data.
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A Appendix

Al An expression for the assignment probability

With the estimations of the parameter at hand, the probability that an observation belongs
either to the demand or to the constraint can be calculated. Kiefer (1980) proposed the
calculation of the following expression:

APZ- = Pr(nCi < nDi|nAZ-) (13)
Using the Bayes formula,

Pr(B|A) - Pr(A)

Pr(AIB) = =5

Eq. (13) can be written as:

Pr(nailnc: < np;) - Pr(ng; < np;)

PI‘(TLCZ‘ < nDi\nAi)

Pr(na;)
~ h(nailnci <nps) 1L
h(na;)
Using Eq. (11), this can be written as:
Pr(ne: < npinas) = / 9(nas npi)dnpi [h(n az)
nAq

_ fe(nai)(1 — Fp(nas)) (14)
fo(nai)(1 = Fo(nai)) + fo(nai)(1 — Fp(nai))

which allows us to calculate the assignment probability.
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A2 Additional estimations

Table 5: The determinants of the NRR (3) — maximum likelihood esti-
mation of the switching regression model; benchmark estimation
from table 4 (5); infant death rate on the demand side (7); num-
ber of physicians as a proxy for Malthusian conditions (8); Gini-

coefficients in both functions (9). Standard errors from 2"¢ deriva-
tives in parentheses; * significant at 5%, ** at 1%

)] (7 ()] 9
Constraint
Constant 1.803 2.389 0.477 2.296
(0.220)*x (0.186)x* (0.233)x  (0.305)x
Time-Trend 0.003 0.000 0.016 0.000
(0.002)«  (0.001) (0.002)*x (0.002)
Log(GDP/c.) 0.188 0.111 0.208 0.268
(0.025)*x (0.020)xx (0.036)*x (0.038):x
Infant Death —0.061 —0.066 —0.071
(0.005)x* (0.005) % (0.006)
Physicians 0.393
(0.077) %
Gini —0.019
(0.003) %
Variance 0.075 0.086 0.093 0.077

(0.006) 5% (0.006)x

(0.007) 5% (0.007) %
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Table 5: (Continued)
5) (7) 8 )
Demand
Constant 5.859 2.980 5.862 4.207
(0.177)%x (0.314)x* (0.186)*x (0.194)x
Time-Trend —0.013 —0.007 —0.013 —0.012
(0.001)*x (0.001)** (0.001)% (0.001)%x
Log(GDP/c.) —0.500 —0.220 —0.500 —-0.417
(0.021)%% (0.033)%% (0.022)%% (0.019)x+
Oil 0.793 0.687 0.807 0.423
(0.074)%x (0.075)x* (0.077)*x* (0.069)x
Catholic 0.420 0.254 0.434 0.124
(0.048) %+ (0.049)+% (0.049)%% (0.046)#+
Muslim 0.770 0.584 0.741 0.546
(0.071)*x (0.078)xx (0.075)*x (0.060)xx
Infant Death 0.101
(0.011)
Gini 0.027
(0.002)
Variance 0.202 0.168 0.212 0.132
(0.011)*x (0.010)x* (0.012)%x (0.008)x:x
Log-LL 470.59 405.32 529.57 262.35
n 1208 1208 1199 954
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