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Abstract:
This research challenges the notion that the latdi the twentieth century was a period of
global demographic convergence. To be sure, tgrtitites fell substantially during the period,
but with considerable unevenness. The decline tal tiertility across population-weighted
countries was sufficiently disproportionate thatwesen-nation fertility inequality, estimated
using standard measures of inequality, did notrbégidecline until at least 1995. Regression
analysis also suggests that only very recentlylaggiing nations begin to catch up with early
adopters of low fertility. Contrary to findings fro health inequality research, counterfactual
models indicate that sub-Saharan Africa has hadeatgr impact on fertility inequality than
China. The trend in fertility inequality, where c@mgence appears to be a relatively new
phenomenon, stands in stark contrast to inequalibther domains, such as income, education,

and health.



Global Demographic Convergence? A Reconsider ation of I nequality in National Fertility
Estimates

Using an innovative approach to the problem of glalemographic change, along with an
improved dataset, Wilson (2001) provided a valugjlentitative assessment of the extent to
which the fertility revolution has become a trulplgal phenomenon. His summary finding, that
the last fifty years have witnessed a steady isgr@athe share of the world’s people living
under conditions of rising life expectancy and deag fertility, led him to describe the period
as one of ‘global demographic convergence’. Riging converging life expectancy is generally
confirmed by a growing body of empirical reseamwhere a number of studies have applied a
wide range of convergence tests and conclude that of the period from 1920 to 2000 was one
of convergence in average life expectancy (BedReiljpson, and Soares 2005; Bourguignon
and Morrison 2002; Easterlin 2000; Goesling anélfaugh 2004; Neumayer 2003, 2004;
Pradhan, Sahn, and Younger 2003; Ram 1982, 1998, 26e Cornia and Menchini 2006 for an
exception). But beginning around 1990, the trendhtd health convergence reversed itself, due
in large part to declining male life expectancyeimstern Europe and Russia and the spread of
HIV/AIDS primarily in sub-Saharan Africa, (Goeslimgd Firebaugh 2004; Neumayer 2004).
Using United Nations life expectancy projectionguhayer (2004, see Table 2) suggests that
the current trend toward divergence will once again toward convergence, possibly as soon as
2015. The between-nation trend in life expectaridyiréh from 1955 to 2000, then, was one of
convergence in the sense that health inequalitylevesr in 2000 than in 1955, and only very
recently did the decline in inequality begin tdlséad reversed itself. The decline has been
uneven, however, and the current and near futwleslto be a period of continued divergence

because of health declines in Eastern Europe dn&aharan Africa.



We know much less about level and change in betwa&non fertility inequality. While
Wilson’s (2001) research confirms that fertilityga around the world have been falling, so
much so, in fact, that by 2003, half the world’'®ple lived in countries or regions with below
replacement fertility (Wilson and Pison 2005), ttiteesn’t necessarily mean that fertility rates
are converging. As it is conventionally defineetween-nation studies, convergence occurs
when the relative difference between countriesanesvariabley declines. In other words, only
if variance around the mean is declining, and priopaally faster than the decline in the mean,
can we conclude that national fertility rates aveverging and, unfortunately, to my knowledge,
no study has directly modeled the between-natidilife trend in this way. By piecing together
studies in this area we can, however, develop fannmred hypothesis and doing so provides
some evidence to challenge the notion that then§bf the twentieth century was a period of
fertility convergence.

Consider first what we know about the rise of tredern fertility revolution. Fertility
was already low in 1950, but continued to declseemuch so, in fact, that a number of countries
are now well below replacement level fertility (Keh Billari, and Orteg 2002). During the last
fifty years nearly all less developed countries @4y also began the transition, but in two rather
distinct waves (see Figure 1). The first wave @& fieriod included most of the nations of Asia,
Latin America, and the Caribbean. The second iredduduch of West Asia and North Africa
and since the 1990s, sub-Saharan Africa. But tlagtss two waves have not included all
countries in each region, as several nations int Wgis. and many in sub-Saharan Africa have
yet to begin the transition to low fertility. Where couple the two observations, first that many
developed countries with already low fertility i35 continued to experience further fertility

decline during the ensuing fifty years, and secomal, a rather large number of high fertility



countries have yet to begin the transition, thelente suggests little, if any, convergence
between high and low fertility countries. But begldhe tails of the fertility distribution, the
middle of the distribution has experienced drametti@nge over the last half century, with a
large number of countries entering the transitiorirgy this period, but with considerable
variability in the timing and pace of decline (Baagts and Watkins 1996; Bongaarts 2002;
Bryant 2007). An additional source of variatiortire middle of the distribution comes from
countries staging for the fertility transition, whet has been observed that fertility increased fo
a decade or more just prior to the onset of feytdecline in nearly all LDCs (Dyson and Murray
1985; Garenne 2008).
FIGURE 1 ABOUT HERE

In a recent study, Casterline (2001) modeled tlve jpé fertility decline in less developed
countries from 1950 to 2050 and found a signifidawel of inter-country and intra-regional
variation in the pace of fertility decline. So mudriation, in fact, that in his view “what is most
impressive is the inter-country variability in tamount of [fertility] decline" (Casterline 2001:
26). In another recent study, Crenshaw et al. (206@d a growth rate regression model (a
conditionalp-convergence model, discussed in more detail l&deigst human ecology and
evolutionary theory in the context of change ittiligy rates. In all of their conditional models,
the evidence suggested convergence. But conditnodetls are, in a sense, counterfactuals.
They tell us what the size and direction of chaimgé would have been if not for the
contaminating influence of the independent varisblWghile they did report a non-significant
zero order correlation (.03) between 1965 TFR drahge in the TFR from 1965 to 1990, this
was for a reduced set of LDCs and not for the wdtidally, data from Wilson and Pison (2004,

Figure 1), which displays the cumulative distribuatiof the world’s population by fertility level



in 1950-55, 1975-80, and 2003, suggests that aesighificant change in the middle of
cumulative distribution, the overall range doesaympear to have declined over the period. In
1950-55, the lower bound of the TFR was about 2teedipper bound was close to 8. By 2003,
the lower bound of the TFR had declined to aboand the upper bound was about 7.

It is clear that both the onset and rate of feytiiecline have shown remarkable cross-
national variation (Casterline 2001). | argue thatobserved variation in between-country
fertility decline for much of the last fifty yeapmints to divergence, rather than convergence. In
this article, | begin to fill the gap between Wité® (2001) finding of a global decline in mean
fertility (TFR)', the Crenshaw et al. (2000) finding of what appéarbe, if anything, divergence
among LDCs from 1965 to 1990, and the findings a$t€rline (2001) and Dyson and Murray
(1985) that the fertility transition has been highheven, with rising and falling fertility during
the period (see also Garenne 2008). Using Unitdtbhaestimates, | provide a robust
convergence-divergence test of the magnitude aedtdin of change in fertility inequality from
1955 to 2005 for a near census of the world’s aoesyand people. The rest of the paper will
proceed as follows: section one discusses compeéhgitions of convergence and its
measurement; section two describes the data arghtsaised in this analysis; section three
presents analysis and discusses the results foeggence tests; and in section four | briefly
draw some conclusions.

Defining and M easuring Conver gence
Students of convergence have employed a varietjatitical methods to test for convergence
within and between countries across a broad rahgmlicators and domains. Perhaps two of the

most common methods, referred tgasonvergence ang-convergence, measure growth rates



and variance, respectively. A third method, usirepsures of inequality, estimates the spread of
a distribution and adjusts for known shortcomingghwhe o-convergence method.

S-convergence. In the classical definition, where it was origigadpplied to income
inequality, convergence occurred when the growti aanong poor nations was greater than the
growth rate among rich nations (Sala-i-Martin 192@06). The condition where former
laggards, fueled by higher growth rates, catch itp fermer leaders is referred to @&s
convergence because it is typically modeled usmdghary least squares regression where the
annualized growth rate over the study period isagged on the observed rate at base
measurement (Barro and Sala-i-Martin 1991, 1998 dquation fof-convergence is

In(Yin/Yio)/ T = o+ Sa(Yjo) +e; 1)
where In is the natural log, subscrptefers to thgth country at base measurement, subsgript
is thejth country at second measurement, T is the nunfberaws from base to second
measuremenf; is the convergence coefficientjs the constant, arglis the error term for the
jth country. A negative sign on the convergencefaoeht indicates lagging countries are
catching up with leading countries (converging)jle/a positive coefficient indicates laggards
are falling farther behind (diverging)Applied to fertility, 5-convergence occurs when trate
of decline among countries with high fertility erger than the rate of decline among low
fertility countries. This form of convergence prdgs us with a useful tool for measuring change
within the fertility distribution and allows for éhpossibility that the rank ordering of countries
on their level of fertility has changed over tifhe.
o-convergence. An alternate specification of cross-national cageace, referred to as
convergence because it is estimated using theathéviation, tells us about the overall spread

of the fertility distribution (Sala-i-Martin 199®&jeumayer 2004). If the repeated cross-sectional



standard deviation increases, we say that courgreediverging ory and if the variance
declines, we conclude that countries are converdihg standard deviation has been used to test
for o-convergence in incomes (Sala-i-Martin 1996), ihtamd child survival rates, and life
expectancy (Neumayer 2004), to mention just a Teve. utility of the standard deviation in
longitudinal design, however, is its appraisalr@quality under the condition of a relatively
constant mean, but as has been well documentethebe TFR for the world has been anything
but constant over recent decades. When the medisdfending down, the standard deviation
might also be decreasing, but this doesn’t neciéggsaean that the distribution is becoming
more equal. Only if the standard deviation is dasireg fasterelative to the mean is the fertility
distribution becoming more equal. This highlightsimportant limitation of the standard
deviation for measuring the spreadYpiamely, its failure to meet the condition of scal
invariance. Students of convergence have ofteretuta alternative distributional measures that
capture change in the varianceYolvhile not violating the tenets of a measure ofjuredity.
Inequality. Inequality is a measure odl ative disproportionality concerned with the
uneven distribution of goods or services acrostsunia population (Firebaugh 2003). For the
present study, inequality refers to the relativiiedences, across countries, in national TFR
estimates. The distinction between absolute aradivelchange in fertility is important for
understanding change in inequality because thestarod to affect between-nation fertility trends
quite differently. When considering change in téeel of inequality, it is possible that the
absolute gap between countries with the highest@amest TFR might be decreasing, while
inequality is simultaneously increasing. Considher tivo countries in Table 1, where the
absolute decline in fertility was larger for Coyn& and therefore the fertility gap between the

two countries decreased. Now consider the relatiamge, where the rate of change for



Countries A and B was 17 and 25 percent, respégtiBecause the rate of change in fertility
was greater for Country B, the relative differebeéween the two countries, measured using the
ratio of Country A fertility to Country B fertilityincreased even though the absolute difference
between the two countries decreased. It is impbttakeep in mind then, that an absolute
decline in fertility gaps is neither a necessaryaisufficient condition for declining fertility
inequality. In keeping with studies of between-nation inetjyah other domains, such as
income and life expectancy, | focus on relativéedlénce and change in fertility, and so, unless
otherwise noted, all reported results refer totieanequality’
TABLE 1 ABOUT HERE

Following recent research on international and glatequality in income and life
expectancy (Bourguignon & Morrison 2002; Firebad§®9, 2003; Firebaugh & Goesling 2004;
Goesling 2001; Goesling & Firebaugh 2004; Korzemevand Moran 1997), | report results for
a number of inequality indexes which can be exgegs summary form using the following
equation:

I = Zipif(r) (2)

wherel is the index of inequality; = X, /X is the fertility ratio of theth unit (fertility
for thejth unit divided by the world average fertilityy;= ni/N;, the population share of i
unit; f = the functional form used to measure variancdXaf(r;)=0 whenr; = 1 for allj’s
(Firebaugh 1999; Firebaugh and Goesling 2004). tmua establishes a standard formula into
which various summary measures of inequality cam&erted.

Perhaps the simplest measure of inequality is dleicient of variation, calculated as
the standard deviation divided by the mean. Othesisures of inequality widely used in cross-

national convergence analysis include, among othieesgini coefficient, the Theil index, and



the mean log deviation. While each of these measfranequality differs slightly in

formulation, their functional commonality is thaetmean o¥ is included in the denominator,
making them scale invariant (Allison 1978). In tresearch | estimate change in the level of
inequality using three population-weighted measofesequality: the gini coefficient, the mean
log deviation (MLD), and the Theil IndéX.use these three measures because each tells us
something slightly different about fertility inedug and, taken together, help us to identify the
source of change in the fertility distribution. TliD is more sensitive to change at the bottom
of the distributiofi, and the gini is relatively more sensitive to ajain the middle of the
distribution, where a large increase or decreasieargini would suggest that the greater source
of change in inequality is due to movement amongufadions with TFR’s close to the world
mean. Like the MLD, the Theil index also uses thgedfY, but does a secondary log adjustment
that offsets the over importance of low tail uniégving the Theil more sensitive to change at
the top of the distribution (Allison 1978). Greatelative growth or decline in the MLD or the
Theil would locate the source of change in fetilitequality in low and high fertility countries,
respectively.

Data and Methods

Data. Data for this analysis cover the period from 1852005 and rely on estimates from the
UN Population Division’sNorld Population Prospects. The 2006 Revision.” United Nations
fertility estimates are extensive and thereforeytaon coverage for this analysis is unusually
high. I include 195 countries covering well overf#cent of the world’s peopfeViissing data
were listwise deleted, so each nation is measwexy dive years from 1955 to 2005. For much
of the analysis, | rely primarily on two variabléise total fertility rate and national population

estimates. UN fertility and population estimates available in 5 year intervals (1950-55, 1960-



65, etc.), but to simplify tables, figures, andcdission, | use the right endpoint for all five year
interval estimates. For example, 1950-1955 estisnate referred to throughout as 1955, 1985-
1990 estimates are referred to as 1990, etc. Untbsswise noted, all fertility, life expectancy,
and population data are derived from the UN quingeestimates. From the population
estimates | constructed population shares (the oétihe population of countijyto the total

world population) where the sum of the shares exjudl. Population and fertility estimates for
many LDCs, particularly for the earliest yearsha study, clearly contain measurement error,
and we should therefore interpret trends for eapiégiods with some caution. However, given
that this study is looking at broad, macro-levehtis, it is unlikely that even improved data
would significantly alter the substantive conclusi®@f this analysis.

Weights. A great deal of debate over level and change ibajlmequality has stemmed
from decisions surrounding data weights. Early issidf between-nation income inequality,
conducted primarily among economists, treated eaahntry equally because the principle units
of interest were economies. More recently, socislsgentered the debate and argued that if the
substantive focus is on the economic welfare ofviddals, rather than economies, then the
more appropriate approach is to weight countriepdpulation size (Firebaugh 1999, 2003;
Korzeniwitz and Moran, 1997). Doing so ensures ¢ghehange ifY for a large country like
China has a greater impact on the inequality ttead a change i for a much smaller country
like Jamaica. Because my focus, as was Wilson'81R0s on change in the TFR for the world,
all estimates are adjusted by population sharessamioted otherwise. | use the term
international inequality (Milanovic 2005) when referring to pdation-weighted, between-

nation inequality.
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Implicit in this analysis, as with all studies aternational inequality, is the assumption
of zero within-nation variance in fertility. Thermevariance assumption is made for two reasons:
1) when national fertility estimates are weightgdobpulation size, every person is assigned the
mean TFR for their country, and 2) because inteynat inequality is, by definition, only
concerned with population-weighted, between-nadiifierences in some variab¥ If we had a
longitudinal measure of the within-nation variafed FR for a share of the world’s countries
equal to those for which we have the national M@, we could use a method similar to
analysis of variance and estimate the sum of thieinvand between-country components to
arrive at an estimate gfobal inequality. Because of data limitations, at thagnp, | am only
able to measure international inequality, but tlesar that a significant portion of global fetli
inequality is due to the within-country component.

Convergence and Inequality Analysis

Figure 2 plots the cross-sectional correlation leetw1955 TFR and the annualized rate
of change in TFR from 1955 to 2005. The countryghiged correlation failed to produce a
statistically significant relationship between i@ifTFR and subsequent change in TFR while the
population-weighted correlation is negative andistiaally significant. The latter correlation
indicates that highly populous nations with higttifigéy had a larger relative decline in TFR than
did populations with lower fertility in 1955. Acading tof-convergence resultspuntries were
neither converging nor diverging over the lasyfifears, whilepopulations appear to have
converged. The country-weighted model suggeststi@awing the 1955 TFR for the average
country tells us nothing about fertility decline over th&sequent fifty years, due to the lack of

correlation between the two variables. Alternagly&howing the TFR in 1955 for@opulation,
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where countries are weighted by population sidks tes a great deal more about the pace and
direction of decline over the last fifty years.
FIGURE 2 ABOUT HERE

An often overlooked limitation to the cross-sectibgrowth regression approach is that it
ignores all variation occurring between base awcdrsg@ measurement. The implicit assumption
with the cross-sectional growth model is that cleafog the entire period is monotonic, when the
intra-period correlation between the fertility gribwate and initial fertility might instead be non-
linear. To explore the possibility of contradictamyderlying trends during the fifty year period, |
estimated piecewise regressions that reduced thsurament period to ten year intervgls.
convergence results for the world indicate thatftiiefifty year correlation for the world masks
decidedly uneven underlying trends (first colummtoéfficients in Table 2). When the
convergence coefficient is broken down into fivparate 10 year periods, we see that the only
period of statistically significant convergence Viiasn 1995 to 2005.

Two additional lines of reasoning with regard te fflobal trend iff-convergence
warrant consideration. The first is that much lilseinfluence over the distribution of life
expectancy and income, China, with its substadeatographic weight, might be a key driver
behind the recent world fertility trend (Goeslin@02; Firebaugh 1999, 2003; Firebaugh and
Goesling 2004; Goesling and Firebaugh 2004). Thersgstems from Figure 3 where, contrary
to most of the rest of the world, the weighted oegi mean TFR for sub-Saharan Africa has
proven to be remarkably stable over much of thiehal of the twentieth century. Perhaps
convergence and divergence in fertility is moréoaysof China’s demographic pull in
population-weighted trends or of the relative stubiness of African fertility to respond to the

larger global trend toward fertility decline. Resurom two additionaB-convergence
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estimations, one that excludes China, and andtia¢eikcludes the nations of sub-Saharan
Africa, are reported in Table 2. Contrary to chaimgmternational inequality in income and life
expectancy, where China has been a major contriboit@cent convergence, the exclusion of
China had a surprisingly small effect on the obsdmvorld fertility trend. While the exclusion
of China weakens the statistical significance effifty year growth coefficient, the sign is still
negative. In the piecewise regressions, removingdould only have secured the decade of
1955-65 from one of uncertainty to one of unequatativergence. Possibly the more important
story regarding theate of fertility decline over the last half centurytise braking effect that the
nations of sub-Saharan Africa appear to be exedimgconvergence, where the counterfactual
simulation indicates that without these nationessfnational convergence would have begun a
full twenty years earlier.
TABLE 2 ABOUT HERE

Figure 3 graphs the country-weighted (because eaghtry is weighted equally) and
population-weighted trends in the mean and standewdhtion of the TFR for the last half
century. The population-weighted standard deviatvas virtually flat until the mid 1980s, after
which it began a slow decline. The unweighted stashdeviation followed a quite different
trajectory,increasing until the early 1980s, before beginning a dediveg has not reversed
itself. Weighteds-convergence suggests that while the overall treom fL955 to 2005 was one
of convergence in the sense that the standardtaevia 2005 was smaller than the standard
deviation in 1955, the precise period of convergdmas only been the last two decades.
Although they disagree on the exact period of cogemece S-convergence ang-convergence
do both agree that only rather recently did coesthiegin to converge toward a common TFR.

FIGURE 3ABOUT HERE
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Turning to the inequality trends, we see in Tabth& inequality increased
monotonically from 1955 to 1995 for three summamasures of inequality. The inequality
coefficients concur with the regression convergesuedficient for the most recent decade,
where both suggest that nations only began to egewee in about 1995. The Theil registered
the largest percentage increase (99 percent) dthend0 year period of rising inequality (1955
to 1995), suggesting that the single biggest soofcévergence in the TFR was the delayed
onset of the fertility transition for many LDCs. &MLD registered the greatest percentage
decline (7 percent) for the most recent 10 yeaodesuggesting that what is most responsible
for the recent decline in fertility inequality wdee slowing of fertility decline in developed
countries with already low fertility. So while Aéa appears to have been a major factor in the
trend towardgs-divergence and rising inequality, a slowing in tektive decline in fertility
among nations with low and below replacement fertdppears to have played a larger role in
the recent convergence of the fertility distribatioom 1995 to 2005. Somewhat surprisingly,
but in full support of thg-convergence ang-convergence findings, change in the middle of the
distribution, largely comprising the countries ihwxex in the second wave of the fertility
transition, had a relatively modest influence atilfey inequality (as measured by the gini
coefficient). That the inequality trend is due lange at both ends of the distribution is in line
with previous research on two accounts. Firstjlitgrcontinues to decline among countries with
already very low fertility (Kohler, Billari, and @¥g 2002; McDonald 2006), though at an ever
slower pace. Second, the movement toward highglitieamong nations with already high
fertility is in line with previous research findirigat most countries experience a noticeable
increase in fertility just prior to sustained, letggm declines (Dyson and Murphy’s 1985;

Garenne 2008).
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A notable limitation with the univariate cross-sentl estimation of inequality employed
here is the absence of statistical inference. Qrechave estimated inequality for each cross-
sectional fertility distribution, we would like toe able ascertain the likelihood that the observed
change ifl is due to chance. Confidence interval estimates/ais to make just this sort of
statistical inference about the inequality trenesegated from the repeated cross-sectional
distributions. Ifl at time T, falls outside the confidence interval of then we can cautiously
conclude that the changelifrom Ty to T, is not due to chance (Moran 2006). In Table 3, |
report bias corrected, bootstrap confidence intessamates for the Theil index. The 1955 Theil
index estimate of .057 falls outside the confideintervals beginning in 1985, allowing us to
cautiously conclude that with a thirty year intdrthe observed change in the Theil index of
inequality was significant.

Finally, using United Nations medium variant prajecs, | extended the analysis in
Table 3 from 2005 to 2050. The results, not rebhtere, suggest that the high water mark for
fertility inequality was near the turn of the tweiiirst century and the projection data indicate
that the population-weighted fertility distributievill continue to decline in the coming
decades.

TABLE 3ABOUT HERE

Results from the analysis of the overall and ipeaiods-convergence angt
convergence fertility trends, coupled with the inality trends for the period from 1955 to 2005,
give rise to one last question within the scopthisf article. How does fertility inequality
compare to inequality in other dimensions of depsient over recent decades? Some scholars
have argued that not only are fertility rates cogireg, but they are doing so more rapidly than

other dimensions of development (see for exampbdlés, Billari, and Orteg 2002, page 641,
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Wilson and Pison 2005, page Because the inequality coefficients derived fromledvariant
measures of inequality are readily comparable adraficators irrespective of the scale from
which the inequality coefficient is derived, we aanpirically test this assertion. In Figure 4, |
compare the international inequality trend in faytico the inequality trends for income
(measured as GDP per capita in PPPs), educatians(géschooling completed), and health (life
expectancy at birth). All three indicators are coonig used in ‘standard of living’ and ‘quality
of life’ indexes. The standout finding from thisneparison is that while fertility rates diverged
over most of the last half century, population-virggl nations were converging on per capita
income, educational attainment, and life expectadyirtht®. From 1960 to 2000 the gini
coefficient declined by 6 points for income, byddnts for education, and by 7 points for life
expectancy. Over the same period the gini coefftdier fertility increased by 9 points. So while
the populations of the world, in aggregate, werh@ng increasingly homogeneous in three
diverse quality of life indicators, the oppositesneue of fertility.
Beyond just change in inequality, another cleded#nce between the four indicators in
Figure 4 is the sizable variation in the levelre#quality. Next to life expectancy, fertility
inequality, though rising, is still noticeably lom#an inequality in either education or income.
FIGURE 4 ABOUT HERE

Discussion and Conclusion
The object of this research was to provide a robogiirical assessment of the extent to which
fertility rates have converged or diverged overl##e fifty years. This research builds on
Wilson’s (2001) finding of a global decline in fdity by testing for two types of convergence.
Recognizing that a study of convergence is essndia analysis of inequality between nations

(Peacock et al. 1988), | also included three measoifrinequality. Together, the analysis
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estimated both the rate of convergence and alsogelsan the distribution of fertility over the
last half of the twentieth century.

S-convergence analysis suggests that the overadl faerthe last fifty years was one of
convergence, but the piecewise regression resaiftodstrate that only very recently did the rate
of decline in fertility among late adopters excéaelrate of decline among early adopters.
convergence shows a much longer stall, where areajaple decline only began in about 1990,
fully twenty years after the beginning of the deelin the world mean. The inequality analysis
confirms the finding that convergence only begdatireely recently, in about 1995, but contrary
to f-convergence angconvergence, inequality analysis found that thelitgrdistribution
increased steadily for the whole period from 1953995. It appears then, that fertility
convergence across nations is a relatively newqienon, but one that is being driven by the
twin effects of the recent onset of fertility dediamong highest high fertility nations and the
relative slowing of fertility decline among the lest low fertility nations. The data indicate that
the high water mark for fertility inequality wastaeved around the turn of the®2dentury and,
barring major unforeseen shocks, this trend wilitocaie unabated in coming decades.

This research makes four important contributiomstAt quantifies global variation in
fertility such that we can now state with greateswaacy the extent to which the world as a
whole has participated in fertility decline oveetlast fifty years. Wilson and Airey (1999: 127)
claim that "our theories should combine the glotslre of the forces leading to [fertility]
transition and the unique path-dependent couréaied within each society.” | argue that the
guantification of between-nation fertility inequslpresented here fills a clear gap in our
knowledge of the global trend in fertility inequgliWhile we have long been aware of

significant between-nation variation in the onsel eate of fertility decline (c.f. Bongaarts and
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Watkins 1996; Bongaarts 2002; Casterline 2001; €aatl Watkins 1986; Dyson and Murphy
1985), the estimates here quantify the magnitudedaection of fertility inequality over the last
half of the twentieth century in a way that helpgpinpoint global turning points in macro-level
variation in fertility.

The second is a two-fold methodological contribaitidhis research demonstrates the
benefit of using multiple measures for assessiegttanging nature of between-nation fertility
inequality. Having only relied on the fifty yeaross-sectional regression analysis, we would
have concluded that the last half of the twentesthtury was one of convergence. Results from
the piecewise regression, as welbasonvergence and inequality analysis, make clesdrahly
rather recently did national fertility estimateglreto converge. These findings stand as a
reminder to researchers of the importance of pojpmaveights, where unweighted analysis is
appropriate when the unit of interest is countaird weighted analysis is appropriate when the
unit of interest is populations. Estimates presghtre found that population-weighted results
generally tended to favor convergence, indicatingj larger populations have been converging
more so than the average, unweighted nation.

Lastly, this analysis represents the long overdumace of fertility into the larger debate
regarding international and global inequality. Moybeyond income, global inequality research
is now asking questions about processes underigmgroader diffusion of quality and quantity
of life (Becker, Philipson, and Soares 2005), ardemal and ideational diffusion in truly world
models (Meyer, Boli, Thomas, and Ramirez 1997; MeRamirez, and Soysal 1992). Rising
fertility inequality over much of the last half deny stands in stark contrast to inequality in most
other areas, where it has generally been declimingome time. The counterfactual models

estimated in Table 1 point to another way in wHhattility inequality differs from trends in other
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development indicators. China appears to have hdaomodest effect on fertility inequality,

but its influence on income and health inequaldg been significant (Goesling 2001; Firebaugh
1999, 2003; Firebaugh and Goesling 2004; GoesliwigFarebaugh 2004). Sub-Saharan Africa,
on the other hand, has had a noticeable brakimgtedh fertility convergence. Some researchers
have recently begun to argue that the nationstwfSaharan Africa will play an increasingly
important role in global inequality in life expeoty (Neumayer 2004) and income (Dollar
2005), such that Dollar (2005) speculates aboutAlrecanization” of poverty and
underdevelopment. So clearly there are some afedsavage between fertility inequality and
inequality in other domains, yet there are alsodrtamt areas of overlap. Demographic change,
occurring in successive waves that lead to rismdytaen falling inequality, is true of both life
expectancy (Vallin and Meslin 2004) and fertilineguality.

The study of fertility inequality has much to offée larger debate surrounding stability
and change in global inequality, where fertilitgearch brings a particular wealth of knowledge
concerning the ideational and cultural determinahtiffusion (Lestheaghe 1983, 1995;
Lestheaghe and Vanderho2@®01; Rosero-Bixby and Casterline 1993) that isesshat less
developed in some of the other literatures. Cleahky diffusion of ideational and material
innovations related to health, wealth, and edundasmccurring with greater ease than is
diffusion associated with fertility decline. Bugyond the “diffusionist” and “ideational”
theories, recently work by Bryant (2007) providesedcome reminder of the clear link between
economic development and onset and pace of feriétline. Although sub-Saharan African
fertility has begun to fall in recent decades, Iso dave a number of key development indicators
begun to stagnate or decline in recent years, stiggehat the pace of fertility decline in this

region may continue to only slow converge towaeworld mean TFR.
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While “nearly everything that matters” has beenvarging over the last fifty or more
years (Kenny 2005), fertility stands out for begaheterogeneous. A possible answer to the
guestion of convergence in health, wealth, andelifeectancy is the consistent linkage between
these three domains and the development projeetienthe development project and has been
strongly associated with diffusion in other domgiBsrkovitch and Bradley 1999). But thus far,
fertility appears to have been less consistenkeldl to the development project than other
variables. These findings point to the need foitaatthl research to expand both our
understanding of the determinants of the unevdngidn of the fertility revolution and to help

us better understand the mechanisms underlyin@bémmvergence and divergence.
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Figure 1. Population-weighted Regional Fertilitemds
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refers to the United States, Canada, AustraliaNewl Zealand.
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Figure 2. Average Annual Rate of Change in TFR 5182805, Regressed on 1955 TFR
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Figure 3. Global Mean TFR and Standard Deviation
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Table 1. Absolute vs Relative Difference and Changein TER

1950 2000  Absoluted  Relative

Country A 6.0 5.0 1.0 17%
Country B 2.0 1.5 0.5 25%
Absolute Difference (Fertility Gap) 4.0 3.5
Relative Difference (Fertility Ratio) 3 3.33

NOTES:The absolute difference between Countries A ansllBeasured as the fertility gap (Country
A TFR - Country B TFR), while the relative diffemmnis measured using the fertility ratio (Country A
TFR/Country B TFR). Similarly, absolute change isasured as the simple difference between 1950
and 2000 TFR, while relative change is measurddeapercentage change from 1950 to 2000.
Inequality (relative difference) may be rising exbough the absolute gap between countries is
declining. This condition of opposing trends ocowtgen the relative fertility decline of low fertyi
countries is greater than the relative declineigh tertility countries.
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Table 2. Piecewise Correlations. Average Annual Changein TFR Regressed on
Initial TFR

World, Excluding World, Excluding sub-

World China Saharan Africa
Year B Direction® B Direction B Direction
1955-2005 -.001 ! -.000 VN -.002 !
1955-1965 .001 VN .002 0 .001 VN
1965-1975 .005 0 .006 0 .004 0
1975-1985 -.003 VN .000 VN -.007 !
1985-1995 .000 VN -.002 VN -.003 !
1995-2005 -.005 ! -.004 ! -.012 !
N 195 194 148

&«1m = statistically significant divergences$” = non-significant, cannot say either way, agd <
statistically significant convergence.

NOTES:B-convergence refers to the bivariate correlatiomvben first year TFR and the annualized
growth rate over two time periods. Convergence cadnen high fertility is correlated with low grawt
(declining fertility). The coefficients in the firfive rows are interpreted as the annualized gnawates of
fertility in ten year increments, while the lastwés the annualized growth rate over the entirgédrs.
United Nations fertility estimates are quinquerstah that estimates are for 5 year intervals (€§0-
1955). | refer to the right endpoint of the tempdmngerval to simplify the table and discussionr Fo
example, the first row regression coefficients @-9965) refer to the ten year fertility growth rate
spanning from 1950-1955 to 1960-1965.
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Table 3. International Fertility Inequality Trends: 1955-2005

Gini
MLD Coefficient Theil Index
Index of
Year Upper CI?  Inequality  Upper Cl
1955 .066 A72 .037 .057 .088
1965 .069 175 .030 .059 .100
1975 .084 197 .037 .072 132
1985 .105 .254 .074 102 144
1995 114 .267 .068 114 153
2005 .105 .258 .073 110 162
Percent Change in Inequality B B
1955-2005 59.9 49.9 84.7
Percent Change in Inequality B B
1955-1995 72.5 54.7 99.3
Percent Change in Inequality i i _ i __
1995-2005 7.3 3.1 03.1

 Reported confidence intervals were estimated usiadpias corrected, bootstrap method.

NOTES:International inequality refers to population-weigdh, between-nation inequality. The MLD (Mean Log
Deviation), the gini coefficient, and the Theil é&xdare measures of inequality used to summarizsgread of a
distribution. More unequal distributions will yieldlarger inequality statistic.
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Figure 4. International Inequality: Income, EdueatiFertility, and Health
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International inequality refers to population-weiggh between-nation inequality.

SOURCES: Fertility and Life Expectancy (World Pagtidn Prospects. The 2006 Revision);
Income (Milanovic 2005, Appendix 6); Education (Msson and Murtin 2005).
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! Wilson’s interpretations were primarily based ba median of the cumulative TFR distribution, ratiean the
mean. He also presented less formal measuresttbarakculations present here and so the resultsoargrictly
comparable. For example, he emphasized the fraofitme global population for whom TFR was below
replacement.

2 Note that equation 1 is amconditional model because no additional right-hand side catesiare included.

Crenshaw et al. (2000) used a conditional modehanthey included control variables in their misde

31tis possible for countries to experience mearmeread over the study period (fertility below theaneat base
measurement and fertility above the mean at segwaburement) and yet inequality might remain sté®dda-i-
Martin 1996). Mean reversal to occurs when higkhilfigrcountries have a larger rate of fertilityadme than low
fertility countries and sg-convergence will capture the intradistributionalitehing’ as evidence of convergence.
While g-convergence is a necessary condition for decliimirquality—the only way the distribution ¥fcan
decline is if former laggards gain on former leadeit is not a sufficient condition. By only testifay 4-
convergence, we run the risk of drawing faulty dosions should the two tests yield contradictouits.

* One review questioned whether examining relatisvben-country differences in fertility was morepiontant
than a study of absolute inter-country differen@eg., should a change in TFR from 4 to 2 be regghets more
different than a decline from 6 to 4?). As previgumted, inequality is concerned with relativethex than absolute
differences in Y, and convergence, as it is tradaily defined, is centrally focused oates of change in Y. Beyond
these points, Kohler, Billari, and Ortega (2002)6gdvide further substantive justification for mgsertion that a
large absolute decline in fertility in a high fétyi country might be roughly equivalent to a srealhbsolute decline
in a low fertility country when they observe: “dfdrence in the TFR between 1.0 and 1.3 is equinatethe
difference between 3.2 and 4.2 in terms of stabfmfation growth rates.”

® To save space, | do not present the full formfdagach of the indexes. For a more complete treatnsee
Allison 1978 or Firebaugh 2003.

® The MLD is more sensitive to change in the bottirthe distribution becauséis logged, thus reducing the
importance of higher values df

" Data were downloaded through the UN statisticsahoFhe United Nations Common Database (UNCD), on

October 19, 2007. The source for UNCD data is thiéedd Nations, Department of Economic and Socidhiid,
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Population DivisionWorld Popul ation Prospects. The 2006 Revision, CD-ROM Edition, Extended Dataset, New
York.

8 It should be noted that the dataset Wilson usetiifoanalysis of fertility trends disaggregatedr@hand India
into regions and so his results and those presémiedare not strictly comparable.

° Following Casterline (2001), | used medium variastimates, which assume that fertility rates fbcauntries
will settle around replacement level and will predeat a pace equivalent to the pace measured lowerbiserved
period. Because previous analysis has shown theg tertility decline sets in, the rate of declinften increases
(Bongaarts and Watkins, 1996), the medium variastimates might be considered conservative. Resuks
available upon request.

19 A large body of research has studied between-maiial global income inequality trends and not &ihe
findings agree with each other because of the thétysof income trends to population weights, at®of income
measure, and countries studied. However, evereifetlv international income inequality studies #ajgest rising
income inequality over the recent decades thehasebeen quite modest compared to the fertilitydr@ourguinon
and Morrisson 2002, for example, find that the giméfficient rose by .07 points from 1970 to 1992)r a nice
summary of many of the major studies and findingnt@rnational income inequality trends, see Anand Segal
(2006). Questions concerning the trend in inteamati income inequality do not alter the substarfiiveings
presented here, that fertility has been risingegrapidly at a time when other major indicatorssaadble or

declining.
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