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Abstract

A large number of pairs of countries exhibit a dyi@apattern in which: (i) Fertility
in both countries declines across time; (ii) Iniyiamne country has higher fertility and
lower per-capita income than the other; (iii) Imd, as per-capita incomes converge,
fertility rates in the poorer country become lowrean in the richer one.

This article documents the prevalence of such dycenand offers a
theoretical model in which these dynamics emergeogenously. Assuming
differences in the degree of utility substitutioetwween consumption and rearing

children across countries generates all three caemde of these dynamics.
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1. Introduction

In 1965 the output per-capita ratio between Spaththe UK was 0.463. By the year
2000 this ratio rose to 0.807. A switch of the ‘tHiey Dominance” between these
two countries accompanied this convergence: Theld\Bank data show that until
1984 the total fertility rate (TFR) in Spain waglmer than in the UK, but since then
the TFR in the UK exceeds that of Spain. Sincalitgrin both countries has been
mostly decreasing since the 1960s — the resultymgqmics display the “Backslanted
X" shape, captured bigure 1.1
Figure 1 about here

More World Bank data, analyzed in detail in sec®oof this article, show that
such a joint output and fertility dynamics can barfd among a substantial number of
pairs of countries. In this article | show how agte factor can be responsible for the
three different components of these “Backslantedextility dynamics: (i) Fertility in
both countries A and B declines across time; (iijidlly A has a higher fertility and
lower output per-capita than B; (iii) Later, asmuitconverges, fertility in A becomes
lower in B. Specifically, this factor is that thadividuals in A have a stronger
preference for consumption, rather than for reaand educating children, compared
to their counterparts in B.

Although he growth literature offers many articleging to account for the
observed fertility dynamics, the “Backslanted X'rtiidy dynamics has not been
noticed by this literature yét The ability of most of the theoretical articlesthmat
literature to account for this phenomena is limibedause the models in those articles
deal with the dynamics within a single country &nel exogenous factors in them are
constant over time. Due to that, these articlesliptea unique negative link across
time between fertility rates and per-capita outpldng the growth path of the

economy’ Therefore, these articles can account for the kBanted X” fertility
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dynamics only if they assume, as done in the ctiaditle, cross country differences
in model parameters, rather than in initial comdis. Accounting for the
“Backslanted X” fertility dynamics merely by assumgicross country differences in
initial conditions is still a challenge for futuresearch.

In the theoretical model developed in this artidlee co-existence of
endogenous consumption, investment and fertilityessly limits the ability to
analyze in detail the transition towards the stestdye, which is an essential part of
the Backslanted X dynamiésThus, several simplifying assumptions are takethén
current model, making the accumulation of humartabhfhe sole source of growth.
This growth process is gradual since acquiring atloe is assumed costly, where the
total cost of education increases with the amodirgducation acquired. Following
Galor and Weil (1996) | assume that the cost ofimgachildren is increasing in the
parental income. This assumption makes the fertiites decline as the economies
grow. It is also assumed that individuals deriviéitytfrom consumption, from the
number of children they have and from the futurdfave of these children, which
depends on their education. Assuming the indivlualcountries A and B differ,
ceteris paribus, in the degree of the substituitnontility between consumption and
offspring future welfare generates the dynamicsidiesd above.

More specifically, assuming that country B indivadsi have a weaker
preference for consumption and therefore a stropgeference for children welfare,
compared to country A individuals, makes the invesit in children education in
country B larger than in A. Consequently, countremjoys a faster growth process
than country A. Later, due to diminishing returosstale, the growth in country B
slows down and the income gap between the two desnstarts to narrow. The
resulting fertility dynamics are as follows: in theitial stages of growth the

individuals in the richer economy B choose to héswer children, compared to
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country A individuals. Later in time, as incomescountry A gradually catch up with
those in B, the importance of income differencesaasleterminant of fertility

differences falls. At this stage the dominant dffac the fertility ranking among the
two countries is country A individuals’ strongeeference for consumption.

Since the article focuses on the fertility dynanotshe last few decades, the
relevant growth in education for most OECD and naditicome countries is the
growth in secondary and tertiary education. Tablshbws the large increase in
secondary schooling enrolment during the few pastades. As the table shows, even
in 1970 secondary schooling enrolment still did moiceed seventy percent in
developed countries such as the UK, France or NoriMae relevant education costs
in this case are the secondary and tertiary sampalition and forgone labor earnings
of young individuals in the secondary educationsaggd above. In addition, it should
be noted that International Labor Organization dgatav non-negligible rates of child
labor (out of the entire population aged 10-141960 even in countries like Austria
(7%), Spain (7.7%), Italy (10.9%), Greece (15.1%] Rortugal (22%).

Table 1 abourt here

Accounting for different economic outcomes by thaltwral differences
between societies is an approach that dates bdeksita hundred years to Webber's
1904 classical study tying the spirit of capitalismthe Protestant ethic. Weil (2004)
offers a detailed survey on the vast literaturetiom relations between economic
growth and culture that has developed since tham most recent important article
following this approach and related to the cureticle, Fernandez and Fogli (2005)
show that cultural effects have a significant dffat female fertility and employment.
They do so by looking at a large sample of US woraed proxying some of the
cultural factors affecting their fertility and enoginent decisions by the average

fertility and education levels in the homeland doyiof their mothers. Controlling by
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a regression analysis for the typical explanat@nyables of fertility and employment,
such as each woman's own education, yields thahersdt homeland average
education and fertility (lagged by twenty yeargngicantly affect the fertility and
employment of their US daughters.

The difference between countries in individualitytiparameters is taken in
this article as given. The important task of acdmgnfor such differences, for
example — by presenting them as norms and convetitaid rose endogenously in the
past and persist onwards to the time of the frtdiynamics upon which the article
focuses, is beyond the scope of this article. Thennmeason for that is that there is no
reason to assume that the exact reason for theenafuthe preferences has any
bearing on the dynamics that spring from them. Aapimportant reason for that is
the intention to stick in this article to the stardl modeling in the macroeconomics
dynamics literature where utility functions are e¢iratationary. Finally, by nature,
preferences are unobservable which renders our lkdge of them quite scarce,
limiting thus the study of their sources. This irdr@ lack of data is possibly one of
the main reasons why the vast literature connec#ognomic outcomes to
preferences or cultural factors have traditionadlfrained from taking the extra step
of accounting for the sources of these factors.

Section 2 shows some statistics on the prevalehite Backslanted x fertility
dynamics. In section 3 a dynamic macroeconomic mnaslepresented and its
equilibrium and dynamics are analyzed. To deliter argument of this article in the
most efficient way | use a version of the Hazan Beddugo (2002) model. Unlike
Hazan and Berdugo (2002), the current article isanming at generating multiple
steady state equilibria and therefore certain sfrogtions were inserted here into

their model. In section 4 the implications of thedal for the dynamics of cross-



country fertility differences is analyzed and sewti5 offers some concluding

remarks.

2. Statistics on the Dynamics of Cross-CountryikigrDifferences

In order to learn about the prevalence of this typtertility dynamics, some data was
collected for the fifty countries with the highgstr-capita GDP in 1975 among the
countries for which the World Bank provides fetyiland output data for both 1975
and 2000. Countries with population less than 10D Were taken out of the sample.
In all of the countries in the sample, except fog tJSA, fertility, measured by the
Total Fertility Rate (TFR) has decreased throug/loat period.
Table 2 about here

Table 2 shows a mobility matrix for the rankingstiee TFR between 1975
and 2000. As the table shows, only two countriexn@any and Austria, were among
the ten countries with the lowest fertility both 1875 and in 2000. A great deal of
mobility is expressed by the fact that each celhglthe main diagonal of this matrix
contains less than five countries and none of tigethe largest in its row, with the
exception of the lowest row. Of particular interesght be two large jumps from the
first tenth (ranks 1-10): One to the third tentlnks 21-30) by Luxemburg and
another to the fourth tenth (ranks 31-40) by theAUAIso note the large jump from
the third tenth to the first tenth made by four mimies: Hong-Kong, Spain, Hungary
and Greece. The relatively large number of sevamttes in the bottom tenth in
both periods is due to the fact that this is th& l@w of this matrix and not an
indication of decreasing mobility along the ranking

Not limiting the sample to countries for which tiéorld Bank offers GDP
data for 1975 would allow into the sample the tit&ms economies in Central and

Eastern Europe. However, the World Bank provide§519FR data for these
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countries and using this data here would strengthdstantially the already large
mobility in the matrix. In fact, the entire lowdsttility tenth in the year 2000 would
consist of eight such countries (together withyltahd Hong Kong) while in 1975
none of them enters that tenth.

To show how unique is this mobility in the fetylliranking Tables 3, 4 and 5
show similar matrices for the mobility in the ran§s of per-capita output (measured
by constant 1995 US $), Female Labor force padiain (as a percentage of the 15-
64 female age group), and schooling (measured byenmliment in secondary
schooling), respectively. In almost all of theskyficountries these three variables
have increased between 1975 and 2000.

Tables 3,4,and 5 about here

Table 6 presents the results of an OLS regresbased on this sample, which
shows that the TFR in the year 2000 is negativelyetated with per-capita GDP in
2000, but also positively correlated with per-cap@DP in 1975. Both signs are
highly significant. While the negative sign of pmapita GDP in 2000 is consistent
with the standard results of most models of feytiind growth, the positive sign of
per-capita GDP in 1975 implies a large prevalericthe “Backslanted X” fertility
dynamics. Specifically, this positive sign impligsat being a “fast grower” (as the
UK is with respect to Spain, for example) is catetl with higher fertility.

Table 6 about here

There are 1225 different pairs of countries is tample. In each pair denote
the countries by A and B, where A is the countrghwthe higher 2000 per-capita
GDP in that pair. Letr denote the year in which A’s per-capita GDP hasnbihe
closest to B’s 2000 per-capita GDP among the y&£a68-2000. For 803 of the 1225
possible pairs A’'s TFR in yearis larger than B’s TFR in 2000. Such a magnitude

can imply that neutralizing the wealth effect rdsehat the richer countries have a
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stronger preference for having children. Howevechsa magnitude can also imply

that there is a time trend, independent of outgutdics, of lowered fertility.

3. The Model

Consider a small, open, overlapping-generations@uoy that operates in a perfectly

competitive world and faces a given world interas¢. Time is infinite and discrete.

3.1 Production

In every period the economy produces a single gibatl can be used for either
consumption or investment. Two factors of produt&xist in the economy: physical
capital and efficiency units of labor. The prodantifunction satisfies the neo-

classical assumptions and given by:

Q= F(Ks, Lo) = Lif(ky), 1)

whereK; andL; are the period amounts of physical capital and labor efficiencytain

in the economy, respectivellg, = Ki/L; andf(k) = F(k;, 1). Given these assumptions

the firms’ inverse demand for capital is the fuonti

F=f'(k), @

wherer is the world interest rate. From (2) it follows tha

k=f(r)=K. ®)



Since F(K;, Ly) satisfies the neo-classical assumptions it alddshthat the

return to one efficiency unit of labor satisfies:

we = f(k)- (k) = w. 4

3.2 Individuals

In each period a generation oindividuals is born and lives for three periodscla
individual has a single parent. Individuals witldngeneration are identical in their
preferences. A generation born at a certain parddis denoted “generatiafi. In
each period each individual is endowed with a sitighe unit

In their first life period 1), the members of generatibmare children. The
parent of each child allocates a fraction denotgdzly of the child’s time to
schooling. Each schooling unit costsutput units:

In their second life periodt)( the members of generatidorare adults. They
work, have children and save. Each such individireides her time unit between
rearing children and working. The amount of labfficeency units each of them has
is denotedy and is an increasing function of the amount obstihg this individual

has received as a child. Specifically:

a=1+bzg, (5)

whereb > 0. Thus, if a member of generatiballocates her entire periddime to

working she will earn the amouht given by:

ly=aw= (1 +bzi)w. (6)



In their final life period {+ 1), the members of generatibconsume their savings.
Individuals derive utility from consumption, frorhé number of children they
have and from the potential future income of tledildren. The preferences of each

member of generatianare given by:

Ur = aIn(Cia) +AN(NY) + #An(lera), (7)

wheren; denotes the number of children each member ofrgéort has. Rearing
children costs the fractionof each adult’s timé& Thus, each member of generation
works in period for 1 —zn; time units, implying thaty must be constrained to being
less than X The resulting constraint on the consumption géaeratiort individual

whose potential income Isis:

Cs1 = (1+ IT)St+1 = (1+ I'_)[(l— n, )It —nz, h]- (8)

Note that the term in the square brackets is thengs this generatioh
individual acquires in periott its first term is the income this individual reces
from her workwhile the second term is the cost of acquirintyme units of schooling

for n; children.

3.3 Optimization
Each member of generatiordecides how many children)(to haveand how much
schooling @) to give to each of these children so as to maentine utility function

given in (7), given her potential income,and subject to (5), (6), (8),<0n; < 1/zand



0 < z £ 1. In order to avoid some undesired solutionsh& dptimization problem

several assumptions shall be now taken.

Assumption 1:4 > . This assumption is required to make the offspsiragnount of

education, an increasing function of the parental incoine,

ph_

Assumption 2:z>7b7= Z. By making the time cost attached to the quartity
W

children, z, sufficiently large, this assumption ensures tiiet quality of children
would be sufficiently large too. Specifically, ihgures that; > 0 at each period even
if the parent has the lowest possible potentiabime. Although this assumption and
its consequences are not important to the objedtfvihis article, it simplifies the

analysis significantly.

Assumption 3:z<(ﬂ_;;ﬂh =z . Note thatz' >z sincef > y. Making the
W

cost on the quantity of children sufficiently smeliminates the case where although
the parental income is the lowest possihle,w, parents choose the maximal amount
of schooling for their childreng = 1.

Given these assumptions, the optimal solutiorzfandn; is:

Oy BB By
(/B_y)bh Z]’b (9)

Tt:

1 otherwise
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ﬂ‘?’_ bl,
a+f bz, -h
n = (10)
B I,

a+ﬂ'zlt+h

if 1,<1”

otherwise

Assumption 1, together with > w and Assumption 2, ensure thaandn; are
strictly positive. Also note that; is increasing if; and thatn, is decreasing ir.
Assumption 3 ensures that> w, implying that the economy can indeed be in the
rangel; < I". Showing than, < 1/z holds whenl; > |” is trivial. To see that, < 1/z
holds also whei <1 note that:

|**

It >w> : (11)

Pl
z
where the second inequality follows from AssumptofThis leads to:

p-y b7 _ B
(12 " arp b —h  (a+p)

where the left inequality follows from being decreasing inand froml;>1".

3.4 Dynamics

Applying (6) in (9) and simplifying, yields the folving dynamical system:

* * %

p z-2 zZ -z

_ if Tiq < 5 ET*
18_7 zZ —Z (13)

V4
Z*
T, =

otherwise

H
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Note that in the range 0 51 < 7 the slope of this dynamical function exceeds unity
sincez > z andp > y. The intercept of this dynamical function is betwezero and
unity due toz <z<z . In addition, note thaf < 1, due t& <z<z . The economic
meaning of these results follows directly from #@®nomic meaning of assumption 1
to 3 discussed in sub-section 3.3. In additioriplibws from these results that the
dynamical system has a unique and stable steattyejailibrium at = 1. Figure 2

shows this system.

Figure 2 about here

The slope and the intercept of this dynamical fiomcin the range 0 €., < 7
are both increasing imr as follows from straightforward differentiationedring in
mind thatz andz "~ depend ory too. This result shall be used in the next sectio

Applying It = (1 +b)w in the lower row of (10) yields the value wfin this

steady state equilibrium.

4. Fertility Dominance
Let n and n/ denote the period fertility rates in countries andj, respectively.
Country i has “Fertility Dominance” over country in periodt if n >n'. The

following analysis shows how the fertility domina&ncan shift from country A to B
as country A’s income per-capita approaches thd.ofo make the analysis more
efficient | assume that in both countriest f + y = 1. | also assume thag = 0 in

both economies. A slower growth of A with respeatB shall be achieved by

assuming that”* > ¢ which implies that the individuals in A have aosiger taste
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for consumption compared to those in B. It is assdirthat/ is identical in both
countries. This implies thaf' < j#, which makes country B grow faster than A.

Since ' =7¢ =0, z}* and r] are both below unity, as was shown in sub-
section 3.4. It follows from (9) that in that rangds increasing iry. Thus, 7 > 7,

because”* < /7. In periods later thah= 1 the schooling and income differences in
favor of country B widen because in those periddsihcome effect is added to the
preferences effect on schooling. Formally, thisaptured by the positive dependence
on y of both the slope and the intercept of the dynahfienction in the upper row of
(13) that was established in sub-section 3.4.

To study the dynamics of fertility during the stagherer.; < 7 it is useful to
present the formula for, in the upper raw of (10) as the multiplicationtwb factors.
The first one, the fraction in the left side, shadl referred to as the “preferences
factor”, since it merely depends on the parametérthe utility function, and since
these parameters do not appear in the second,fwddiraction in the right side. This
second factor shall be therefore referred to asatwestraints factor”. The preferences
factor is positive sincgg > y and also increasing ia, as follows from standard
differentiation bearing in mind thatMlla = -1. The constraints factor is positive and

decreasing ir.. Therefore,n” > n? already in period 1, since” > o® and despite

the assumption that the parental incomes are thee sa these economies in that

period. In later periods the fertility gam® —n?, increases as the effect of the

increasing income gap (established in the previoaagraph) on the constraints
factor is added to the preferences effect.

At a certain period country B reaches its steatitesequilibrium while
country A is still growing. At this stage, the ifme gap, and therefore the fertility

gap too, narrows. Eventually country A too appreachs steady state equilibrium.
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At this final stage schooling is at its maximal devz = 1, in both countries and
incomes are therefore identical too. Thus, the adiference between the two
countries in this stage is the allocation of resear between consumption and
children quantity. Incomes are identical at thiagst so the only source for the
different allocations is the preference differerBimced” > o while g* = ° country

A individuals choose more consumption and lesslifgricompared to country B

individuals. Formally, this can be seen by noticiram the lower raw in (10) that the

level of steady state fertility is decreasingzin

5. Concluding Remarks

This article shows that if the individuals in cognA have a stronger preference for
consumption over rearing children, compared tarnkéeviduals in country B, then the

following dynamics might arise: A’s growth of outpper-capita would be slower

than B’s; Initially, the fertility rates in A wouldbe higher than in B; Later, as the
output gap narrows, the fertility rate in A is lawdan the fertility rate in B. Thus,

based on this analysis, it is possible that theeseason for third world countries to
have higher fertility today is the same one thaulMianake them have lower fertility

than the currently already developed economiese ansufficient level of income

convergence would be reached .

For generating growth speed differences betweenauies | have assumed
that individuals derive utility not merely from csumption and child quantity, but
also from child quality, and that investment inldhlquality is the source of growth in
these economies. Thus, the stronger taste for ogptgan in A made its growth
slower, compared to B. An alternative mechanisnt tfenerates such output and
fertility dynamics can be based on having investnmephysical capital or in research

and development as the source of growth. In suahodel, assuming that the
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individuals in A have a stronger preference forspré over future consumption,
compared to individuals in B, would generate simimalitative dynamics. Such
modeling, however, would severely limit the abilty go beyond a steady state
analysis and efficiently analyze the dynamic patwards the steady state, as the
phenomena this article addresses requires.

As mentioned in the introduction, most of the ergtmacroeconomic models
with endogenous fertility can account for the “Bslelkted X” fertility dynamics only
if they assume cross country differences in modeblmeters, rather than in initial
conditions. The reason for that is that these lagipredict a unique negative link
across time between per-capita output and otheablas, including fertility, along
the growth path of each single economy. Accounfimghe “Backslanted X” fertility
dynamics merely by assuming cross country diffeeenin initial conditions requires
therefore that the uniqueness of the relation betwaitput and other variables shall
be eliminated. One promising channel for achievihgg goal is to incorporate
endogenous schooling and fertility in a model ahtelogical progress with cross-
country spillovers a la Prescott and Parente (199d)ler such a setting, a relatively
slow growing economy might reach a certain levebofput with a technology that
was not at hand yet for the faster growing coustiden they have reached this
particular level of output. The incentives for sahieg, and therefore fertility choices,
in this relatively slow growing country might thésee be different than those that
prevailed in the faster growing countries when thaye reached this particular level
of output. Such technological progress spilloveas be related to the technology of
producing goods, as in Prescott and Parente (18049 the technology of other
things that affect schooling incentives and faytithoices, such as health technology
in models like those offered by Ehlich and Lui (139Zhang, Zhang and Lee (2001)

or Zhang and Zhang (2005).
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1970 2000

Argentina 34 79
Austria 69 88
Brazil 17 69
Chile 28 75
Finland 71 95
France 66 92
Japan 86 100
Korea Rep. 38 91
Luxembourg 45 80
Mexico 17 58
Netherlands 69 90
New Zealand 76 92
Norway 65 95
Portugal 30 85
Spain 40 93

United Kingdom 67 95

Table 1: Secondary schooling gross enrolment rateg®6) in 1970 and 2000 in
selected countries.
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2000\ 110 | 11-20| 21-30 31-40 41-50

1975
1-10

11-20
21-30
31-40
41-50

1 1 0
4 0 0
3 2 0
2 4 3
0 3 7

ol R M W N
ol O | W o

Table 2: Total Fertility rate (TFR) ranking mobilit y matrix. The matrix shows
Total Fertility rate (TFR) ranking mobility betweel®75 and 2000 for the fifty
countries with the highest per-capita GDP amongcthantries for which the World
Bank provides fertility and output data for both75%and 2000. The ranking in each
year is in ascending order where the rank of 1 goebe country with the lowest
fertility rate in that year and the rank of 50 gdesthe country with the highest
fertility rate in that year.

20001 7 90 | 11-20| 21-30 31-40 | 41-50
1975
1-10 7 1 1 1 0
11-20 3 6 1 0 0
21-30 0 3 4 2 1
31-40 0 0 3 5 2
41-50 0 0 0 2 8

Table 3: Per-capita GDP ranking mobility matrix. This matrix shows Per-capita
GDP (in constant 1995 US$) ranking mobility betwd@&Y5 and 2000 for the fifty
countries with the highest per-capita GDP amongcthantries for which the World
Bank provides fertility and output data for both7%%and 2000. The ranking in each
year is in descending order where the rank of Isdodahe country with the highest
Per-capita GDP rate in that year and the rank o§&8s to the country with the
lowest Per-capita GDP in that year.
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2000|910 | 11-20| 21-30 31-40 41-50
1975
1-10 6 4 0 0 0
11-20 3 4 3 0 0
21-30 1 2 6 1 0
31-40 0 0 1 8 1
41-50 0 0 0 1 9

Table 4: Female Labor Force Participation (LFP) rarking mobility matrix. This
matrix shows Female LFP (as a percentage of thaléemmge 15-64 population)
ranking mobility between 1975 and 2000 for theyfidbuntries with the highest per-
capita GDP among the countries for which the Wdkhk provides fertility and
output data for both 1975 and 2000. The rankingaoh year is in descending order
where the rank of 1 goes to the country with trghbst female LFP in that year and
the rank of 50 goes to the country with the lowestale LFP in that year.

1990si 110 | 11-20| 21-30 31-40 41-50
1970s
1-10 7 2 1 0 0
11-20 3 5 2 0 0
21-30 1 2 5 1 1
31-40 0 1 1 7 1
41-50 0 0 1 2 7

Table 5: Gross enrollment in secondary schooling r&ing mobility matrix . This
matrix shows Gross enroliment in secondary schgatamking mobility between the
1970s and the 1990s for the fifty countries wité kiighest per-capita GDP among the
countries for which the World Bank provides fetyiland output data for both 1975
and 2000. For the 1970s, the average of the WaalikBlata for the years 1970 until
1980 was taken for each country. For the 1990satleeage of the World Bank data
for the years 1997 until 2002 was taken for eaamtry. The ranking in each year is
in descending order where the rank of 1 goes tocthumtry with the highest gross
enrolment in that year and the rank of 50 goeséocountry with the lowest gross

enrolment in that year.
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Coefficient P-Value

Y 2000 -0.35 0.0001

Y 1975 0.22 0.0169

Qil 0.35 0.0084
n =50 R =0.55 Adjusted R= 0.53

Table 6: Total Fertility Rate (TFR) as a function d current and past per-capita
output — a regression analysisThis table reports the results of an ols regressio
results where TFR in the year 2000 is the dependanéble and the independent
variables are the natural logarithm of per-capiPGn the years 2000 and 1975. Oil
is a dummy variable for the five Persian-gulf coig# in the sample. The sample
contains the fifty countries with the highest papita GDP among the countries for
which the World Bank provides fertility and outpldta for both 1975 and 2000.

22



2.5

1.5

1 \
1965 1970

1975 1980 1985 1990

1995 2000 2

005

Figure 1: Total Fertility Rates (TFR) in Spain and the UK Source: World Bank

data.
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Figure 2: The dynamical system.
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Appendix A
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Figure 3: Total Fertility Rates (TFR) in several selected cautries. Source: World
Bank data.
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Endnotes

! Appendix A presents several additional figures shgwsuch dynamics among different pairs of
countries.

%For theoretical articles that study the dynamicdedfility treating it as an endogenous variablel an
analyzing its dynamics within a dynamic macroecoiediramework see for example Becker, Murphy
and Tamura (1990), Galor and Weil (1996, 2000), Gaha Moav (2002) and Moav (2005).

3 Several studies have come near the “Backslanteertlity dynamics when dealing with the reversal
of the relationship between fertility and femaldda participation among OECD countries. This
relation was negative until the beginning of th&d® but has turned positive since. See for example
Del Boca (2002), Adsera (2004) and Apps and Re@84(2 Some of these studies merely document
this reversal and others also provide explanationthe recent positive link, but none of themsrte
explain the transition from the previous negatin& to the current positive one.

* Several articles, e.g., Galor and Weil (2000), idd that that income effects may generate a pa@sitiv
link between per-capita output and fertility. Thissfiive relation, however, is limited to the early
stages of growth and, therefore, is not relevathéocurrent article.

® See for example Barro and Becker (1989) who stheylarge country case, unlike the simpler case
analyzed here, and restrict themselves therefoae malysis of the dynamics around the steady.stat

® As was discussed in the introduction, an imporgamt of the schooling costs spring from secondary
schooling tuition, which is government financedrnst countries during the past few decades, and the
forgone earnings of uneducated young individualsusTmot assuming that the cost of a unit of
education increases with the growth in incomes dasumption taken, for example, by Dahan and
Tsidon (1998) and by Maoz and Moav (1999)] is meeelgimplification. A version of the current
article where the price of education is an incregsioncave function of adults' income yields thmea
gualitative results and is available from author.

"% represents the amount of schooling a child gets. diily reason why it is interpreted as time is to
create an as simple as possible mechanism of dihiing returns to investment in education. Such a
diminishing returns mechanism is important for gating output convergence since under the
simplifying assumptions of this model human captumulation is the sole source of growth.

8 The purpose of assuming that rearing children quatents' time is to make the (alternative) cost of
rearing children positively correlated with the 4joaepita income in the economy. Alternative
assumptions leading to this property are possitie ©One simple such alternative, that would not
change the equations of the model at all, woulddb@ssume that rearing children requires some
services, such as medical services or schoolingthAseconomy grows, the human capital of the
suppliers of these services increases, making thggaiers more efficient in doing each specifikta
On the other hand, this progress also adds moremamd new tasks to these services. Assuming that
these two contradicting effects on the suppliensetirequired to raise a single child balance one
another, making this time fixed atthe cost of rearing each single child in periczlid still bezl;.

° Note thatz is independent ofx. This is not an important result but merely a bgeurct of the
simplifying assumptions of a log-linear utility fation and a time cost that is lineamin
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