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Fertility is an important determinant of long-run population growth and labor market
conditions. The present study focuses on the effects of time and space dynamics on the description
of fertility in Sweden. These effects were expected to be generated by labor mobility across
municipalities. The influence of time dynamics in postponing or accelerating childbearing was
assessed by considering two different effects of earnings. Firstly, the effect within one generation
was considered by comparing a family’s current earnings with their earnings in the recent past and
expected earnings in the future. The second effect, referred to previously as the Easterlin
hypothesis, was examined through the generations by comparing a household’s earnings for a
younger generation with earnings of the parental generation. The hypotheses were tested for the
period 1981-2008. The study involved estimating space and time dynamics by using the SAR(2,1)
model and the general method of moments for aggregate panel data. By comparing different
specifications, positive spatial autocorrelation of fertility was identified. Current earnings appeared
to have a negative effect on fertility rates within municipalities, and in the long-run, across them.
The inverted Easterlin hypothesis was weakly supported within municipalities. The study makes an
important theoretical contribution through the application of a stationarity condition and evaluation
of the long-run effect in the direct, indirect and total forms of the SAR (2,1) model with second-

order autoregressive and first-order spatial disturbances.
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1 Introduction

During the 20" century, a dramatic decline in fertility was observed in
developed countries, which was associated with the introduction of contraceptives
and increased female labor market participation. Despite the overall downward trend,
the variation in total fertility rates (TFR) differs from one country to another. Fertility
varies as a consequence of economic events and changes in the cost of raising
children. In this paper, fertility time and space dynamics in Sweden are analyzed,
particularly in relation to the labor market.

The short-run effects of these factors can be assessed by examining two effects
of earnings, in which children are regarded as “normal goods” in the maximization of
household utility (Becker and Barro, 1988; Becker, 1960). The income effect assumes
that a larger income encourages families to have more children. Childbearing can be
viewed as “household production” and is considered a substitute for female labor
market participation. Thus, higher wages raise the opportunity cost of having a child.

Current income and changes in expected earnings contribute to the effect of
earnings, implying that a higher income helps a family to deal with the direct costs of
childbearing. Thus, in the present study, we anticipated that the postponement or

acceleration of childbearing occurs in the short-run in Sweden because the Swedish



completed cohort fertility rate is rather constant, but the variation in total fertility rate
Is about 10% higher than in other Nordic countries during the studied period.

In the long-run, the age structure of the population may affect the total fertility
rates and economic explanation of this phenomenon. This principle, known as the
Easterlin hypothesis (Easterlin, 1966), relates to a negative response of fertility to
increasing labor market tightness caused by increasing numbers of people of working
age. According to this hypothesis, decisions about childbearing, which presumably
primarily concern the young generation, are made on the basis of the income
potentials of the young generation compared to previous generations.

Labor mobility, which has exhibited a positive trend over the last few decades in
Sweden (Eliasson et al., 2007), contributes to the space dynamics of fertility.
Growing flows of in- and out-migrated people increase the probability of finding a
partner, which may lead to marriage or cohabitation, and having a child. In addition,
these labor flows generate earning flows across space and affect families’ income
potentials for childbearing.

New econometric instruments, such as spatial econometrics for panel data,
allow a more in depth study of these problems than previously possible, by taking
into account the diffusion of fertility norms and the influence of economic factors
across space. Municipalities can be considered as open demo-economic systems.
Interactions between adjacent municipal labor markets, resulting from the flow of in-

and out-migrated people, affect the labor market equilibrium as well as the spatial
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income distribution. In particular, a gain in local labor market tightness, caused by
the entry of a large young generation, can be smoothed by increasing labor mobility,
but it would worsen the situation in surrounding labor markets. Thus, the inverted
Easterlin hypothesis is expected to be supported in the spatial dimension when
considering income potential coupled with tightness of surrounding labor markets;
increasing tightness reduces peoples’ opportunities to find a good job or compete for
higher earnings.

The spatial effect of earnings can be explained in terms of the influence of the
average annual income per capita in surrounding municipalities on the total fertility
rate in a certain municipality. This includes the effect of migrants, whose earnings
are considered statistically to be in the place (municipality) of work, despite the fact
that they may have their families in other municipalities.

One important study which measured fertility in the spatial dimension is that of
Waldorf and Franklin (2002), who tested the Easterlin hypothesis by assuming the
fertility among 18 Italian regions was governed by spatial diffusion. Two types of
spatial diffusion between units are considered, namely space interaction of fertility
norms and labor mobility, which both influence fertility.

The purpose of the present work is to study how the labor market situation, as
measured by households’ earnings, influences fertility, taking into account dynamics
in time and space. Space diffusion is assessed by global and local spillover effects.

Transition of fertility norms across municipalities gives a first-order spatial
4



autocorrelation. Influence of the relative cohort sizes in surrounding municipalities
on fertility norms in a given one and cross-municipal influence of the space diffusion
of income generated by labor mobility are assumed to be a local form of spillover.
Time dynamics are examined by considering a second-order serial autocorrelation of
total fertility rates and testing the direct effect of the Easterlin hypothesis and the
effect of current earnings in a given municipality. Measurement of space diffusion is
based on two types of weight matrices to avoid multi-correlation among the
explanatory variables. The row-standardized contiguity weight matrix is used for
lagged total fertility rates, whereas matrices with spherical distances weighted by
population size are applied for estimating the influence of average annual income per
capita and relative cohort size on fertility rates.

The main contribution of this paper is the analysis of spatial interdependence of
fertility in an open municipal demo-economic system using a panel of data. In
contrast to previous studies, the present work considers the Easterlin hypothesis in
terms of the long-run impact of earnings and, at the same time, assesses the
relationship between current earnings and fertility. The use of panel data allows
space diffusion of fertility norms to be monitored as a function of time in “three
dimensions”. The effects of earnings on fertility are related to factors such as skill
characteristics of labor markets and labor flows. In contrast to other papers,
municipal level data is analyzed, which gives more detailed results than studies at

national or regional levels. The theoretical contribution of the paper is in the
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application of stationarity conditions in the SAR(2,1) model and the derivation of the
long-run effects of the explanatory variables in direct, spatial and total forms.

The paper is structured as follows. Section 2 describes the main econometric
methods for dynamic models of space and time; previous studies of fertility in spatial
diffusion; studies of the Easterlin hypothesis for Sweden; and results concerning the
impact of earnings on fertility in Sweden. Section 3 explains the methods used for
estimation and post-estimation interpretation, e.g., to evaluate the short- and long-run
effects within and across municipalities as well as total effects. A stationarity
condition for the estimated model is also discussed. Section 4 describes the data set.
Section 5 details the empirical specification. In section 6, the results are presented

and then summarized in the final section.

2 Previous Literature

Spatial econometrics of panel data has gained increasing popularity as a new
rapidly growing branch of econometrics, since in many cases, the importance of
nearest neighbors on social and economic behavior and activity seems self-evident.
The derivation of the estimated model, approach to estimation and post-estimation
analysis, as well as interpretation of the model and results, have been detailed in
earlier papers by Anselin (2002), Brueckner (2003), Elhorst (2001), LeSage and Pace
(2010), and Yua and Jong (2008). Brueckner (2003) classified spatial interactions

according to a spillover model, whereby spatial units reciprocally affect each other,
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or a resource-flow model, in which they share some limited resources. Labor
mobility may be considered from both points of view. It exhibits a spillover effect
when labor mobility increases matching of couples, and consequently, fertility. It can
also be interpreted as a model of common resource sharing, such as a total earning
potential of the labor market. It is useful that, analytically, both models give rise to a
spatially lagged econometric specification (Anselin, 2002, p.250), since it is not
possible to attribute labor mobility to purely one effect.

Elhorst (2001) has provided a thorough analysis of first-order autoregressive
panel data models in both space and time, including a taxonomy of the models,
approaches for estimation and determining stationarity in the time conditions, and a
spatial equilibrium correction model, which provides the static long-run equilibrium
relationship between endogenous and explanatory variables.

The paper of Yua and Jong (2008) gives a better understanding of the general
approach for employing stationary time conditions in spatial modeling. LeSage and
Pace (2010) have provided an interpretation of the direct, the indirect (spatial) and
total effects, which has been accepted by other researchers as a standard approach for
spatial models. The interpretation can be problematic because the indirect effect is
specific for each pair of spatial units and the size of the effects matrix depends on the
number of units. Thus, LeSage and Pace (2010) suggested measuring the spatial
effect compared to the direct and total effects. The average direct effect is interpreted

as a mean of diagonal elements. The indirect effect for unit i of a variable x is defined
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as the sum of off-diagonal elements j=1,...,N of row i and the average indirect effect
is the mean of i=1,...,N indirect effects. The average total effect is calculated as the
sum of the average direct and indirect effects.

Several studies have considered spatial diffusion of fertility from the perspective
of spreading knowledge about contraception (Bongaarts and Watkins, 1996; Weeks
et al.,, 2004; Woods, 1984). These papers have mainly focused on developing
countries or historically remote time periods of developed countries. There are
substantially fewer papers reporting investigations of space dynamics of fertility in
developed countries (de Castro, 2007, McNicoll, 1980, Waldorf and Franklin, 2002).

The Easterlin hypothesis for cross-sectional and panel data is a popular
approach for interpreting the effects of earnings on fertility. Macunovich (1998)
reviewed 185 published articles incorporating 76 empirical analyses of the Easterlin
hypothesis and concluded that the results were mixed. Such ambiguous results may
be due to testing the Easterlin hypothesis in the absence of other controls and the
assumption that households’ incomes and male earnings are interchangeable.
Waldorf and Byun (2005) performed a meta-analysis of 334 empirical papers to test
the Easterlin hypothesis, which showed a more robust negative effect, despite
positive effects being more frequent. A negative effect or inverted Easterlin
hypothesis implies that a more numerous young generation than parental generation

is related to a higher total fertility rate, when the young generation is of fertility age.



The importance of the relative cohort size, R, as an indicator of relative
economic status depends on the age range defining the young generation.
Researchers have varied the upper boundary from 29 to 34 years in order to
maximize the correlation between fertility and age structure. Waldorf and Byun
(2005) concluded that the use of a broad age range for the young cohort increases the
likelihood of a negative correlation.

Several cross-sectional studies have tested the Easterlin hypothesis in different
countries, such as Artzrouni and Easterlin (1982), Baird (1987), Pampel (1993),
Wright (1989) and Sevilla (2007). Most of these papers (except Artzrouni and
Easterlin (1982) and Baird (1987)) have reported that the inverted Easterlin
hypothesis, i.e., a positive relationship between fertility and the proportion of the
young generation, applies for Sweden.

Pampel (1993) concluded that the institutional structure, such as family policy,
together with increased female labor force participation, influence the relative
economic status of the cohort, which explains the negative effect of the cohort size.
Hence, the relative cohort size positively influences fertility only when it is
associated with poor opportunities for employment, higher wages, and promotion.
Pampel proposed that state policies to keep unemployment at a minimum and
guarantee jobs, as well as policies against sex discrimination in the labor market, an
effective child-care system and the length of maternity leave helped to explain the

insignificance of the cohort size effect on fertility. This conclusion is important for
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understanding the effect of earnings on fertility in Sweden, where family policy plays
a major role in reducing the costs associated with raising children. The substitution
effect on childbearing is weakened in Sweden not only because maternity benefits
are closely related to woman’s pre-birth earnings, encouraging women to be
employed before childbearing, but also women are able to return to the labor market
despite having small children due to the supportive child-care system. Studies based
on Swedish micro-data support the positive effect of earnings on fertility (Andersson,
1999; Hoem, 2000).

The skill level of the labor force also affects the studied relationships. On the
one hand, women who achieve higher levels of education generally receive higher
salaries, which increase the opportunity costs of childbearing and, consequently,
reduce the demand on children. Thus, the proportion of high- and low-skilled women
employed in a local economy will affect the fertility rate. On the other hand,
Andersson et al. (2003) found that women with university education have a higher
probability of having a third birth than women with lower education levels. This may
in part be due to the family policy in Sweden, where women with a university
education generally have better opportunities than others to combine work and family
as a result of higher salaries and more flexible working hours. Education and
childbearing have been shown to be highly related from a household productivity or

investment point of view (Becker and Barro, 1988). Thus, the status of university
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cities is usually controlled in regression analyses of fertility (Andersson et al., 2003;

Westerberg, 2006).

3 The research strategy

Three different hypotheses are tested in this paper. The first is the Easterlin
hypothesis, which assumes that the dynamics of age structure affect the tightness of
the labor market and considers the role of income potential of the young generation
relative to the older generation in explaining decisions concerning childbearing. The
cohort ratio is the main explanatory variable. The second hypothesis concerns the
short-run effect of earnings, in which the present income potential of households is
compared to their earnings in the recent past and expected earnings in the future. This
hypothesis predicts an increase in total fertility rates during macroeconomic boom-
periods or better family policy regimes and local labor market conditions. The main
explanatory variable considered in the second hypothesis is income. The third
hypothesis concerns spatial effects on the relationship between fertility and age
structure and between fertility and current earnings. The existence of autocorrelation
of fertility rates across municipalities, generated by labor movements and “earnings’
flow”, is presumed. The hypotheses are considered assuming the spatial diffusion of
fertility rates. The endogenous variable in the model is the annual total fertility rate

within a certain municipality.
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In the assumption of employing only conditional spatial terms in the model our
research strategy is based on the Arellano-Bond linear dynamic panel-data estimation
for LAG type of spatial modeling, instead of the maximum likelihood method. This
assumption is reasonable since childbearing is a lagged process in relation to factors
affecting decisions concerning fertility. The model is estimated for different sets of
municipal variables as discussed further below.

Spatial reaction functions can be incorporated into a lag model as either a global
form of spillovers or spatial autocorrelation, or as a local form of spillovers, using
spatial lag as an explanatory variable. Global and local form spillovers can be
combined in one model, but in such a case, the problem of multicollinearity arises,
since exogenous variables are included explicitly in a local form and implicitly in a
global form. To avoid this problem, distinct weight matrices can be used for lagged-
dependent and explanatory variables.

The model, in which fertility has a spatio-temporal lag structure and the spatial
influence of age structure and income are extracted, has a linear form. The weighted
lagged total fertility rate (W-TFR) reflects the recent space-autoregressive
dependence of fertility rates due to the possible balancing of age-gender inequality
and interactions between people living in different municipalities who potentially
form matches during work and leisure. Even though both the cohort ratio R and

income | are implicitly included in the specification via the global form of spillover
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W-TFR, their spatial influence may be extracted by incorporating local-form
spillovers or spatially weighted variables V-R and V-I.

Several types of matrices for summarizing the spatial morphology of fertility
across municipalities are empirically tested on the best approximation of diffusion of
fertility rates, using incomes and cohort ratios as the main explanatory variables. As a
result of this test, two approaches suggested by Waldorf and Franklin (2002) and
based on a matrix of contiguity W and a set of matrices V(t) with spherical distances
between municipalities weighted by population, are chosen for use in the model.
These approaches are convenient for reducing multicollinearity and in the latter case,
taking account of the influence of larger (in terms of population size) cities.

The row-standardized matrix W is constructed under the assumption that
fertility is a spatial stationary process, where the covariation of fertility rates in two
municipalities is purely a function of the distance between them. Here, w;;= 1/k;, if
municipalities defined by indices i and j (i, j = 1,..., N) share a common border, where
ki is the number of municipalities bordering i and N is the total number of
municipalities, otherwise w;;= 0.

Row-standardized weight matrices V(t) based on spherical distances between
municipalities are used to summarize the spatial morphology due to the influence of

cohort ratio and incomes on fertility:
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Pop; (t)/d;

K 0= Z Pop, (t)/d;, )

where dj; is the spherical distance between municipalities identified by the indices i
and j. A standard approach (Anselin, 2002) was employed to construct the weight
matrix for the situation where a variable potentially affects the spatial interaction,
I.e., In our case, the population size of the municipalities. In a panel data analysis,
larger cities cannot be controlled directly by using a dummy variable or incorporating
population size (approximately constant for a given unit) into the model. The set of
vij, J=1,...,N for a given i allows higher weights to be ascribed to larger cities, and
thus dynamics associated with the size of the municipality are captured in the weight
coefficients.

The corresponding panel data matrices have the form w, =1.®W,?
andv,; =1, ®V,(t), t=1,..,T, where T = 28 for the period 1981-2008, and It is an

identity matrix of dimension T.

4 Data
Municipality level data for 276 municipalities over the period 1981-2008 are

included in the analysis (Statistics of Sweden)®. A description of variables and

2 ® is a Kronecker product

* The table A3 provides some information about constructing data with respect to restructuring of municipalities in
1992.
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descriptive statistics are presented in Tables Al and A2 of the appendix. The
dependent variable TFR (Statistics of Sweden) is defined as the sum of the age-
specific fertility rate (SFR) for women aged 16-49 yrs living in the municipality, as

given by Equation (2).

49
TFR =) SFR, (2)

i—16

Based on previous results by Macunovich (1998) and Waldorf and Byun (2005),
the cohort ratio (R) is defined as the number of men aged 35 to 64 yrs divided by the
number of men of aged 15 to 34 yrs and is calculated as a 3-year smoothed cohort
ratio as shown in Equation (3). The mean age of men at the birth of their first child,

which increased from 26.66 in 1970 to 31.46 in 2006, is also examined.

Rjt = Z Mas 64, jr/ z M15—34,jr (3)

{
arss’ e’

Whereas R measures the relative effect of earnings between generations, the
average income responds to the effect of earnings in the short-run dynamics and
across municipalities. The average income per capita in each municipality for people
aged 20 and above is deflated by CPI (1981=100) and converted to a logarithm
because of its log-normality (In(l)). It is assumed to be strongly positively correlated
with the average earnings. Income in the data could not be separated by gender; thus,

only the mean household effects of earnings on fertility could be measured. The

proportion, relative net migration and relative total flow of in-/out-migrated women
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in the age range 16-49 yrs are considered in the specifications. Preliminary analysis
suggested that the relative total flow of in-/out-migrated women is the most highly
correlated variable to total fertility rates among the other variables characterizing
migration.

To allow for different skills characteristics of local labor markets, the proportion
of women with a primary and secondary education of 9 years and less (ISCED97 1)
(in the age range 16-49 yrs), the proportion of women with post-graduate education
(ISCED97 6) and the proportion of women with post-secondary education of 3 years
or more (ISCED97 5A) (aged 20-49 yrs) are included in the model. Thus, boundary
skill groups are taken into account in the model.

There are several reasons which can cause the cohort ratio to appear
insignificant after including control variables, even though the correlation between
them is not high. A larger young generation is obviously connected with greater
mobility as the acquisition of education is a key reason for the relocation of young
adults. In addition, a higher proportion of the young generation compared to other
age groups correlates to a greater proportion of low-skilled people due to a larger
number of people aged 16-19, who have not completed their education. However, the
proportion of highly skilled people may also be greater among the young generation,
particularly, due to increasing accessibility of educational programs over time.

The status of marriage or divorce in fertility was not examined because Hoem et

al. (2006) have already published conclusions about the insignificance of these
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factors on fertility. The proportion of employed women was also not taken into
account because of a lack of data for the entire period. However, previous studies
have provided a justification for including this information in the analysis (Berinde,
1999; Westerberg, 2006). Following earlier papers, variables such as size of labor
force, mean age at first birth and earned income quintiles are expected to be
important. These variables are included in some of the specifications.

It is important to eliminate business cycle components from the analysis. Gross
domestic product (GDP) in constant prices for Sweden (indexmundi.com) was

considered a suitable variable for reflecting business activity changes.

5 Empirical Specification

Space dynamics are taken into account in the model through lagged terms.
Residuals are assumed to be not spatially autocorrelated. The total fertility rate
dynamics are considered to involve a stationary process with a cyclical component,
which required incorporating at least two time lags. Both explanatory variables of
interest - income and the cohort ratio - also contain cyclical components. The cyclical
component of income is related to business cycles, whereas the cyclical component
of the cohort ratio can be explained by demographic cycles. The cohort ratio
exhibited a trend associated with aging of the population. Preliminary analysis of the
data on income, migration and educational levels showed that they also followed

some trends. These findings support the use of a model which incorporates
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explanatory variables as lags. This is achieved by applying the Arellano-Bond
method of estimation for panel data models with a spatially lagged dependent
variable. This method is based on the generalized method of moments (GMM),
which allows the evaluation of asymptotically efficient estimates under the
assumption of autocorrelation between explanatory variables and errors when a

stationary process is considered.

The cyclical component of income is modeled using two different approaches.
The first approach involved a model with time-specific fixed effects, whereas the
second approach employed GDP growth as a control variable for time and business
cycles. The development of the spatial first-order and serial second-order panel data
model SAR (2,1) for the estimation is presented below in explicit vector form (4). It

combines global and local forms of spillovers:

TFR, =@ TFR ,+ o, TFR , + YW, TFR, , + 7R, +vVR,,+0Inl _,
+3V; Inl_ + X B +g,

(4)

where 7z, 6 are parameters associated with the cohort ratio and log-income,
respectively, v and 9 are time-space autoregressive parameters of the local form of
spillovers, ¢, and y are parameters associated with the time- and space-lagged total

fertility rate, respectively, and ¢ is a normally distributed, reciprocally independent

vector of errors of size N.
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OTFR,
OTFR,

The short-run effect of the lagged TFR is described by =yW +ol, . The

marginal effects of the cohort size ratio and log-income on fertility are

OTFR, =vwW'+zl, and ﬂ:&vwelhﬂ respectively. The first term in these
oR, , oin(l,,)
expressions corresponds to spillover or indirect effects, whereas the second term

reflects a direct effect of a lagged variable on fertility rate.

The long-run effects presented in Equations (5-7) are derived in Appendix 5.
Equations (5-6) give the long-run spatial effects under conditions of a non-zero
parameter of the spatially lagged variable. If local spillover parameters v and 9 are
insignificant Equation (7) can be used to estimate the long-run effects of the cohort
ratio and earnings by substituting 7 and & in place of . These formulae imply that
even if the short-run spillover effect is absent or the parameter of the spatially
weighted variable is equal to zero, the non-zero long-run indirect effect exists in the
presence of direct effect. Interpretation of the results and the estimated values of

average direct, indirect (spatial) and total effects are given in the next section.

/

a;%: (@Y 00l = W) (W +1,) (5)
oTFR [, & . T

S :_((1_;%”“ — W) (19V+49IN)_ (6)
OTFR [ 2 L]

WZ_((l_kz_ll(pk)lN_yW) ,8:| (7)
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We consider linear coefficients of elasticity e=b§where b to represent the
y

estimate of the parameter for explanatory variable x. The average value of the
endogenous variable y alters by e percent when x changes by one percent. Assuming
a stationarity condition for TFR, the bounds for autoregressive parameters of the

model are defined by Equation (8),

¢1+7ﬂii\/(¢1+7ﬂi)2+4¢2|<1 (8)
: |
where {4}, 1=1,...,N is a set of eigenvalues of the matrix W. The proof of the
inequality is shown in Appendix 6. The estimated models are tested for the absence
of serial autocorrelation in residuals. Wald values, which are used for accepting or

rejecting the hypothesis that each parameter is equal to 0, are shown for each model

in Table A4.

6 Results

The results of the estimation for two sets of variables and two types of cyclical
component of income are presented in Table A4. The basic specification for the
period 1981-2008 included the relative cohort size R, log(l) and the proportions of in-
/out-migrated women aged 16-49 yrs. A more detailed specification for the period

1985-2008 included the same explanatory variables and, in addition, the educational
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levels of women, i.e., the proportion of women aged 16-49 yrs with more than 3
years post-secondary education and the proportion of women aged 16-49 yrs with
less than 9 years education.

The main finding is that the parameter of the weighted lagged TFR is significant
and positive in both specifications. This suggests a spatial positive autocorrelation of
TFR applies across municipalities. It means that declining or rising fertility in one
municipality affects neighboring municipalities in the same direction. However, the
factors generating this spatial autocorrelation could not be extracted separately.
Estimated values of the parameters for one specification of the time-specific model,
presented in column 8 in Table A4, are shown in Table 1 and discussed in detail
below.

For the specification shown in Table 1, the parameter of the spatially lagged
TFR is greater than the time-lagged variable (0.032 and 0.430, respectively). This
result may be wrongly interpreted as showing a larger role of the indirect effect in
fertility dynamics than the direct effect. However, the average short-run effect of
interactions between municipalities, calculated according to the LeSage and Pace
approach (2010), is 0.014, which is less than the time-lagged parameter or the direct
effect. Thus, the indirect effect and the direct effect in the short-run explain 0.014
and 0.032 percent of relative changes in total fertility rates, respectively. This means

that both reduction and growth of fertility occur in related municipalities on average
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because of demographic, economic or other reasons. In this case, the long-run effect
Is absent as the process is considered to be stationary.

Overall, the results weakly support a direct effect according to the inverted
Easterlin hypothesis for the analyzed period (1981-2008) because the estimate of the
cohort ratio parameter is significant for all the specifications which did not include
other labor market characteristics (labor force skills and mobility). However, for the
specification considered in Table 1, the parameter for the cohort ratio is not
significant. For example, for specification 5 (Table A4), the estimated parameter of
the cohort ratio is equal to -0.198, which explains a 0.16% reduction in TFR when R
increases by 1%. The spatially lagged term is not significant in all specifications.
However, taking into account the equilibrium condition in the long-run, the direct
effect explained 0.19%, indirect effect 0.16%, and total effect 0.35% of the relative
change in fertility.

The income parameter is negative in each of the specifications, but the spatially
lagged income is found to be insignificant. For the considered specification
considered in Table 1, the direct effect of incomes in the short-run is equal to -0.319,
whereas it is -0.382 for the long-run. Thus, there appears to be a negative direct
effect of earnings on total fertility rates, or equivalently, a dominant substitution
effect between wages (labor market) and childbearing (viewed as household
production), despite the strong Swedish family policy supporting fertility. This effect

manifests as a postponement or acceleration of childbearing in the short-run. The
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direct short-run effect can be attributed to 0.67% of the variation in fertility.
However, consideration of the total long-run effect increased total fertility rates by up
to 1.49% (the long-run direct and indirect effects are 0.81 and 0.68%, respectively).

Table 1: Estimates of time-space dynamics in the model describing TFR as a
SAR (2,1) process

Variables The average short-run effect The average long -run effect
Coeff. St. dev. Direct indirect Total Direct Indirect Total

TFR 1 0.032* 0.015 0.032 0.014 0.046 0 0 0
Weighted TFR 1.1 0.430%*** 0.032
TFR 2 0.086*** 0.014 0.086
In(le-1) -0.319* 0.154 -0.319 0 -0.319 -0.382 -0.323 -0.706
Weighted In(l.1) 0.328 0.272
R -0.042 0.065
Weighted R 1.1 -0.708 0.610
(The relative total flow of out-/in- 1.328** 0.526 1.328 1.594 1.343 2.937
migrated women aged 16-49);.,
(The proportion of women aged 16-49 0.978*** 0.281 0.978 1.174 0.989 2.163

yrs with more than 3 yrs post-
secondary).1

(The proportion of women aged 16-49 1.067*** 0.274 1.067 1.281 1.079 2.360
yrs with less than 9 yrs education)y.;
Intercept 1.798*** 0.541 1.798
Number of observations
6322
Wald 2 9615
Stationarity Accepted

Note: Asterisks denote p-values of less than 0.0001 (***), 0.01 (**) or 0.05 (*).

Among the control variables tested, the most important is the sum of in- and
out-migrated people in the population, i.e., the relative total flow. A high degree of
labor mobility in both directions may reflect several processes, such as changes in
age-gender structure, levels of education in a municipality, the number of matches
resulting in cohabitation and marriage, and increasing demand and supply values in
the labor market over time. The main factor cannot be extracted, but evidently,
internal migration is positively related to childbearing, giving significant direct,
indirect and total effects in the long-run 1.594, 1.343 and 2.937, respectively. Since
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the numbers of in- and out-migrated people compared to the size of the population is
rather low, the total long-run effect only captured 0.001% of the relative changes in
fertility.

Municipalities with a large proportion of women with educational levels higher
or lower than the mean level exhibited the highest total fertility rates. This result
agrees with previous papers (Anderson et al., 2003; Berinde, 1999) and probably
reflects the low opportunity cost of childbearing that women with low educational
levels experience. The positive estimate for the contribution of highly educated
women can be attributed to the higher benefits they receive during maternity leave
and greater opportunities for flexibility in distributing their time between
employment and taking care of a child. In comparison, the long-run effects of the
proportions of high and low educated women on total fertility rates are higher by
almost two fold and totally explained 0.105% and 0.054% of the long-run variation
in fertility, respectively.

Substituting estimates of the autoregressive parameters and boundary
eigenvalues for W in Equation (8) proves that the process, described in the model, is
stationary. In contrast to a previous study for Italy (Waldorf and Franklin, 2002),
where total fertility rates are linked to changes in the average age of first births, no

such relationship is found for Sweden.
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7 Conclusions

There is no doubt that changes in fertility can be explained by economic factors.
A large number of papers have provided theoretical and empirical explanations of
reproductive behavior, considering female employment and alternative investment
choices, such as gaining an education.

The present paper makes an important contribution by reporting an analysis of
the relationship between changes in childbearing and several factors that are
important for settlements located near to each other. The space autoregressive
component was found to be positively significant in all of the specifications
employed. This suggests that, for a given municipality, the whole set of factors which
can affect total fertility rates, cause it to change in the same direction as in
surrounding municipalities.

The main aim of this paper was to empirically test the relationship between
fertility and earnings in time and space dimensions. The findings support the inverted
Easterlin hypothesis. The results revealed a short-run direct effect, and long-run
direct and indirect effects. In the short-run earnings negatively affect fertility within
municipalities, but an indirect effect across space was not found. The specification of
the model allows the long-run spatial effect to be evaluated in addition to the direct
effect. The results indicated that the long-run spatial effect was negative, which can

be explained by a dominant substitution effect governing the choice between female
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labor supply and childbearing as a household’s production, despite the fact that
family policy in Sweden provides good opportunities to combine them both.

A stationarity condition was adopted in the present study in the form of an
inequality, which defined bounds for the autoregressive parameters by considering
the unit root of the weight matrix for the spatially-autoregressive parameter. Using
these conditions, the stationarity of fertility in time and space dynamics, measured by
total fertility rates, was empirically proved.

The observed long-run effects of the explanatory variables in the SAR (2,1)
model derived in this paper imply that direct, indirect and total effects should be
considered. It was empirically shown that the spatial effect in the long-run almost
doubles the influences of the log-income and cohort ratio on fertility compared to the
short-run. Thus, the results clearly show that spatial disturbances are important in

modeling fertility processes.
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Appendix

Table Al: List of variables

Total fertility rate (TFR)

Relative cohort size (R)

The proportion of women aged 16-
49 yrs with a given level of
education

e less than 9 years
(ISCED97 1) of
education

. post-graduate education
(ISCED97 6)

. post-secondary
education of more than 3
years (ISCED97 5A)

Income

Income_CPI

Numbers of in- and out-migrated
women

The relative balance of in-/out-
migrated women aged 16-49 yrs

The relative flow of in-/out-
migrated women aged 16-49 yrs

Mean age of woman at birth of the
first child (AAFB)

Population size (100 thou.)

Gross domestic product (GDP) in
constant prices

Total fertility rate by region, gender and period: The data are based on the Historical Population
and Multi-Generation registers. The Multi-Generation Register is updated continuously with links
between mother/child and father/child. The statistics could differ slightly from official statistics
depending on yearly corrections to the registers. Thus, the whole series is updated each year for the
entire period.

The number of men aged 35 to 64 yrs divided by the number of men of aged 15 to 34 yrs smoothed over 3
years.

Women aged 16-49 yrs with a given level of education / total number of women aged 16-49.
Level of educational attainment by region, gender, age, income class and time:

The classification by level of educational attainment follows the Swedish National Educational
classification (SUN)

Total and average income for residents in Sweden on 31/12 in thousands by region, gender, age, income
class and time

Income adjusted by CPI to the basic level in 1981

Numbers of in- and out-migrated women by region, age and time. When calculating age-specific rates per
1 000 of the mean population, the mean population for the year of birth should be used. Age refers to the
age attained by the end of the year, i.e., in principle, the number of years since birth.

(In-migrated women aged 16-49 yrs — out-migrated women aged 16-49 yrs)/Total number of women aged
16-49 yrs

(In-migrated women in aged 16-49 yrs + out-migrated women aged 16-49 yrs)/Total number of women
aged 16-49 yrs

Mean age at birth of the first child by region and time: The data were based on the Historical population
register and the Multi-Generation Register. The Multi-Generation Register is updated continuously with
links between mother/child and father/child. The link between father and child is registered with a time
delay compared to the link between mother and child. Consequently, the numbers are uncertain for fathers
in 2007. The statistics could differ slightly from official statistics depending on yearly corrections to the
registers. Thus, the whole series is updated each year for the entire period.

Mean population (by year of birth) by region, age, sex and time: When summing up the mean population
(e.g., in 10-year groups), any rounded figures are accumulated. This may cause the accumulated figure to
be somewhat higher than the totals. The mean population refers to the mean value of, for instance, the
number of 5-year olds at the end of year n and the number of 6-year olds at the end of year n+1.

Annual percentages of constant price GDP are year-on-year changes; the base year is 1990.

31



Table A2: Descriptive statistics for 276 municipalities during 1970-2008

Variable Obs  Mean  Std. Dev. Min Max
Total fertility rate (TFR) 7452  1.929 0.301 0.91 331
Mean age at birth of the first child, female parents (AAFB) 7452  26.596 1.525 22.33 33.07
Mean age at birth of the first child, male parents (AAFB) 40 29.113 1.566 26.66 31.46
Income to CPI, 1981=100% 4968 58.189 9.427 39.770 180.705
The relative net migration of in-/out-migrated women aged 16-49 yrs 7422 -0.001 0.006 -0.022 0.042
The relative total flow of in-/out-migrated women aged 16-49 yrs 7422 0.061 0.019 0.023 0.205
Relative cohort (R) 7452 1572 0.249  0.952 2.369
The proportion of women aged 16-49 yrs with less than 9 years education 7452  0.044 0.046 0.101 0.231
The proportion of women with post-graduate education 7452 0.002 0.003 0.004 0.047
The proportion of women aged 16-49 yrs with more than 3 years post-secondary education 7452 0.094 0.064 0.030 0.456
Population size (100 thousands) 7452  0.312 0.566 0.028 8.026
GDP in constant prices’ 28 2375 1.825 -2.058 466

! data for the period 1981-2008
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Appendix A3. The municipality restructuring in 1992

In 1992, municipality reform was performed in Sweden, which resulted in the
number and boundaries of municipalities being changed. The municipalities which
were established or annulled as a consequence of this reform were excluded from the
present analysis. Thus, the total number of municipalities included was 276. Weight
matrices based on spherical distances were unchanged by the reform because the
municipal center had the same geographical coordinates. Weight matrices based on
contiguity were changed, but the change in boundaries was not so large as to give
misleading results. After the reform, the individual municipal populations changed
by more than 2% in only 9 municipalities (only in Vaxholm and Varmdo did the
population change by more than 3%), but the total change in population was not

more than 5%. The variables used were merged by Statistics Sweden (SCB).
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Table A4: GMM estimates for TFR. The model with time-specific fixed effects for the period 1981-2008.

Variables No spatial effects SAR SAR with exogenous spatial interaction effect
1 2 3 4 5 6 7 8
Coeff. St. Coeff. St. Coeff. St. Coeff. St. Coeff. St. Coeff. St. Coeff. St. Coeff. St.
dev. dev. dev. dev. dev. dev. dev. dev.
TFR 1 0.095%** 0.015 0.044**  0.016 0.033*  0.015 0.033* 0.015 0.033*  0.015 0.037*  0.015 0.044**  0.016 0.032*  0.015
TFR 0.148*** 0.014 0.100***  0.015 0.084***  0.014 0.086*** 0.014 0.084***  0.014 0.092***  0.015 0.100***  0.015 0.086***  0.014
Weighted TFR ¢4 0.422***  (0.032 0.431***  0.032 0.423***  0.032 0.430***  0.032
In(l.1) 0.961*** 0.100 0.120 0.130 -0.708 0.194 -0.220* 0.130 | -0.759***  0.200 | -0.848*** 0.203 -0.017 0.156 -0.319*  0.154
Weighted In(l.,) 0.306  0.269 0.247 0.274 0.398 0.279 0328  0.272
R - 0.063 -0.014 0.066 -0.215*  0.059 -0.050 0.065 | -0.198***  0.061 | -0.251*** 0.062 -0.011 0.067 -0.042  0.065
0.225%**
Weighted Ry, -0.660  0.597 -0.458  0.608 -0.639 0.625 -0.708 0610
(The relative flow of | 2.398*** 0.550 1.889***  0.537 1.435**  0.518 1.320**  0.526 1.444**  (0.518 1.902***  0.528 1.893***  0.537 1.328**  0.526
in/out-migrated
women aged 16-49
Yrs)a
(The proportion of 1.677%**  0.265 1.078***  0.263 1500%** 0.284 | 0.978***  0.281
women aged 16-49
yrs with more than
3 years of post-
secondary
education) .,
(The proportion of 1.498***  0.272 1.095***  0.268 1.428*** 0279 | 1.067***  0.274
women aged 16-49
yrs with less than 9
years of education),.,
Intercept - 0349 1.105* 0472 | 4.126*** 0.828 | 1.740%** 0.463 | 4.185***  0.991 5.299%** 1005 | 0.946* 0.551 1.798*** 0541
2.076***
Number of 6596 6322 6596 6322 6596 6596 6322 6322
observations
Wald y2 8406 9007 9963 9612 9936 9388 9007 9615

Note: Asterisks indicate p-values less than 0.0001 (***), 0.01 (**), and 0.05 (*).
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Appendix 5
The long-run effect of an explanatory variable in the SAR (2,1) model

Consider the model SAR (2,1) with a second-order autoregressive
disturbance, a first-order spatial disturbance weighted by a spatial weights
matrix W of size NxN and a first-order lagged common factor weighted by

some spatial matrix V of size NxN.

Y. =Y, 0V, + YWY, +1X,, + VX, +8,, (A5:1)
where & is a “white noise” vector of size NX1, y; is a vector of size Nx1 of
observations of an endogenous variable for every spatial unit at time t, x; is a
vector of explanatory variables at time t, and ¢, 7, 6 and 7 are parameters. If y;

converges to equilibrium, the equilibrium condition is given by the following

equation:

(- — @)1 =y W)y = (71 +5V)x (A5:2)
where | is the identity matrix of size NxN.
Thus, the long-run impact of x on y yields

Y _[(@-a-e)-r W) iV y (A5:3)
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Appendix 6
Stationarity condition in the SAR(2,1) model

Consider the following stationarity condition in the SAR(2,1) model

described in Appendix 5:
Y=Yt oYt YWY 11X + VX +&, (A61)

The vector auto-regression form (VAR) for this model yields:

(yt J _ (%I +yW ¢2Ij[yt_l ]_i_((ni +5V)Xt1j+[8tJ (A62)
Yia I 0 )\ 0 0

where i1 is a vector of units. Let matrix A be defined as

A:(%I T q”é'j (A6:3)

The stationarity condition implies |4j|<1 when 4; (i=1,...,2n) is a
characteristic root of the matrix A, or a root of the characteristic equation

|A—241|=0, which is a polynomial in 4.

ol +yW-11 ol

The matrix A-Al =[
I Al

J has a property of block matrix,

described by Silvester (2000, p. 463). Accordingly,
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ol +yW-4l
I

221= (@) + yW) A = )|

!
A=Al = j”j“ = (@ + YW= A1) (A1) - ]| =

(A6:4)

Let M be a matrix containing the characteristic roots {«} (i=1,...,N) of the
weight matrix W of size NxN. According to the basic properties of a block
matrix, |M|=|W)|, and there exists a nonsingular matrix R of characteristic
vectors of size nxn such that RMR'=W, RR'=1. Using this decomposition and

the given properties, the characteristic equation for A can be transformed as

follows:

221= (@ + YW) 1 - 0,1 = |’RIR™ = (9RIR ™ + YRMR ™)1 - ,RIR | = (AG)
AG:5
\R[/ﬂ (@l +yM)2-g,) |[R™|=0

Since R is a nonsingular matrix and %1 (¢l +yM)A-g,I is a diagonal
matrix, the determinant is equal to zero and A is a root of the polynomial
22— +y) A=,

Thus,

2
2 = 27 i\/(¢;+7/ﬂi) +4p, Ji=1,...,2n (A6:6)

Finally, the stationarity condition can be written as Equation (8).
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