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Abstract

Inthisarticlewe provide an overview of traditional and recent methodsfor thein-
vestigation of period fertility, emphasising in particular aspects of the analysis that
arerelevant in contemporary low and lowest-low fertility contexts. For this purpose,
we present anew approach that i ntegratestraditional measuresof fertility, such asthe
TFR, inaversatile manner with (a) the tempo adjustment of fertility that correctsfor
distortionsdueto therapid postponement of fertility, (b) life-table measures of fertil-
ity that eliminate influences caused by the parity composition of the population, and
(c) methods for cohort completion and projection that provide a consistent and de-
mographically correct mapping of recent period fertility patterns on the future
childbearing behaviour of women still in their childbearing years.

1 Introduction

Demographic trendsin contemporary devel oped countries are frequently charac-
terised by alow level of fertility and arapid postponement of childbearing. In addi-
tion to posing important social, economic and demographic challenges, these trends
have al so prompted demographersto reconsider important methodol ogical issuesre-
lated to the measurement of fertility. In particular, two aspects have deserved consid-
erable attention in recent research: First, when fertility is being delayed or antici-
pated, period measures can be substantially different from cohort measures during
extended periods. The difference between these levels is the tempo effect or tempo
distortion. Second, when fertility behaviour is parity dependent, asisthecaseinlow
fertility contexts, period fertility needs to be studied in connection with the period
parity distribution of women. While various methods have been developed to ad-
dressthese two issues, such asthe adjusted total fertility rate (Bongaarts and Feeney
1998) or parity-progression ratios and fertility tables (Feeney and Yu 1987; Lutz
1989), there has been no integration of these approaches. Nevertheless, thisintegra-
tion into aunified approach to the measurement of fertility is desirable, particularly
in applications investigating low fertility contexts with rapid postponement of
childbearing and markedly different childbearing trends across parity.

In this paper we discuss several established and new demographic methods that
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provide an integration of tempo adjustment and parity-specific analyses based on
fertility tables. Our presentation is based on a specific model of fertility that has a
long tradition in demography: the age and parity fertility model (e. g., Park 1976;
Quensel 1939; Rallu and Touleman 1994; Whelpton 1946). In combination with
tempo adjustment, which wasintroduced for the age and parity model by Kohler and
Ortega, (2002, henceforth KO) thismodel providesanew and unified “tool-kit” that
can be devel oped for two related purposes. First, analyses based on tempo-adjusted
fertility tablesremovetempo distortions and parity composition effectsfrom the ob-
served period fertility pattern and therefore provide an improved indicator of the pe-
riod quantum of fertility and anew decomposition of period TFR trendsinto changes
in the quantum of fertility, the mean tempo effect, and the parity composition effect.
Second, appropriate applications of fertility tables allow a demographically correct
and consistent projection of the level, timing and distribution of the completed
fertility of cohorts who have not finished childbearing, conditiona on the future
paths of quantum and tempo.

2 The age and parity fertility model

Demographic measuresof fertility almost alwaysrequirean explicit model of fer-
tility behaviour that specifiesthe determinants of childbearing. This dependence on
an explicit model is particularly important in the context of tempo adjustments that
arebased on acounterfactual idea: what would thefertility measureshavebeeninthe
absenceof changesinthetiming of childbearing. AsHeckmann (2001), for instance,
says, “in order to be precise, counterfactual statements have to be made within a
model. Ambiguity in model specification implies ambiguity in the definition of
counterfactuals and hence of causality” (p. 4).

In this paper we postul ate that “age” and “ parity” are the most important aspects
determining fertility behaviour. Our analyses are therefore based on an age and par-
ity model of fertility. While additional factors are clearly of potential relevance for
fertility behaviour as well, such as the duration since the last birth, demographic
modelsof fertility that include these aspectsare often difficult to analyse and/or pose
considerable problemsin their empirical implementation dueto high demand on the
availability and quality of data. The specification of the appropriatefertility model is
therefore characterised by a trade-off between model complexity, model transpar-
ency and empirical robustness. In light of thistrade-off, the age and parity model of
fertility is avery attractive compromise because it includes the most important di-
mensions of fertility behaviour, age and parity, while it maintains the analytic sim-
plicity of life-tables and the empirical robustness associated with the use of vital
registration and related aggregate popul ation data.

Thebasic measure of fertility inthe age and parity model are age- and parity-spe-
cific childbearing intensities (a.k.a. rates of the first kind or occurrence-exposure
rates) that determinethe “risk” that awoman of parity j at age a experiences another
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birth and progressesto parity j + 1. Wedenotetheseintensitiesasm; (a). Inthisnota-
tion, and throughout this paper, the subscript j therefore refersto parity, and the in-
tensitiesm; (a) indicatetherate at whichwomen of parity j havebirthsof orderj + 1.
Formally these intensities are defined as the instantaneous probability of transition
from parity j to parity j + 1 for awoman age a:

m;(a) = Alimo Pr(birth of order j+ 1 between des a and a+ Aa| age a, parity j)
a—» a

While the fertility intensities can be defined for a continuous age variable as
above, practical work relieson adiscrete characterisation of ageintervals. Generally
one-year or five-year intervals are used, and the analyses presented in this paper all
use one-year intervals.

The estimation of fertility intensities is based on occurrence-exposure rates. a
count of the number of births occurring to a particular set of women during atime
unit divided by a measure of exposure, that is, number of person-years lived by
women in the particular category during the same time unit. In the case of period
analysis based on the age and parity model, we need information regarding (a) the
number of births during a calendar year classified by birth order and age of the
mother, and (b) ameasure of exposure by age and parity of the women. The former
informationisfrequently provided directly by thecivil registration system. Thelatter
information requiresinformation about the population by parity inageinall calendar
years. While few countries provide thisinformation directly, it is generally possible
to reconstruct the parity distribution over time by assuming that mortality and
migration are independent from parity.

The primary advantage of childbearing intensities is that they constitute occur-
rence-exposureratethat relatebirthsof order j + 1 towomen of parity j who areat risk
of giving birth of children of order j + 1. Thisisnot the case of incidencerates, where
the denominator isameasure of exposure of all womenin the age category.* Thereis
astraight relation between incidence rates and childbearing intensities. If we denote
by f; (a) theincidence rate for women of parity j and age a, by E(a) the exposure, or
person years lived, by women of age a irrespective of parity, and by E;(a) the subset
of personyearslived, or exposure, by womenwho areat parity j, thentherelation bet-
ween the different type of fertility rates can be expressed as

. B,(a) E,(a) B,(a) [, (a)
fj(a): E/ 7 L _ .
(a)  E(a) E,(a) E(a)

m;(a), 1

where B; (a) isthe number of birthsoccurring to women agea and parity j. Childbear-

1 We use the term incidence rate following the tradition of Finnés (1980), Hoem (1978) and
Borgan and Ramlau-Hansen (1985). Lotka and Spiegelman (1940) and van Imhoff (2001)
have also used the term frequencies. These rates are also called rates of the second kind, re-
duced events or just rates.
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ing intensities can thus be converted into incidence rates viaa simple multiplication
of intensities with the fraction E; (a)/E(a) that reflects the proportion of exposure
contributed by women of parity j to thetotal.

It isimportant to note that incidence rates do not provide a pure measure of cur-
rent fertility trends, but rather an interaction of past and current fertility trends. In
particular, past births are precisely the events that determine the proportion of
women who are at parity j at each age a. If fertility is stable over time, thisisnot a
problem, but when fertility is changing incidence rates are hard to interpret. Hence,
since the goal of period analyses of fertility isto identify current characteristics of
fertility behaviour in agiven calendar year, childbearing intensities are preferable to
incidence rates. Thisis especially the case during periods when fertility change is
rapid, and the current fertility trends constitute a break with earlier patterns.

3 Tempo distortions in childbearing intensities

Thetempo (or timing) and quantum of fertility arethetwo primary dimensions of
individuals’ fertility behaviour: they determinethe average number of children born
to women and the ages when these births occur for women of different parity. At the
aggregatelevel thesetwo dimensions, quantum and tempo, areintertwined. In partic-
ular, shiftsinindividuals' timing of childbearing, i. e., changesin the tempo of fertil-
ity, are associated with shiftsin the date at which births occur. The number of births
occurring inayear that ischaracterised by tempo changes, therefore, differsfromthe
number of births that would have occurred in this year in the absence of the timing
change. Correcting for these“missing” or “excess’ birthsin acalendar year isthere-
fore the basic idea behind the adjustment for tempo effects (or tempo distortions):
tempo effects are defined asthe proportional changein fertility ratesand period fer-
tility measuresthat are dueto shiftsin thetiming of fertility. Thesetempo distortions
affect incidence rates, childbearing intensities, and all derived measures such as
TFR, etc.

Recent methods that alow the empirical identification and quantification of
tempo distortions are all based on fertility modelsthat include age, parity and period
asthe only determinants of fertility behaviour. In addition to sharing an underlying
ageand parity model of fertility, all recent adjustment procedures assumethat period
effects affecting the quantum of fertility in a calendar year—such as economic
booms or crises, or family policy changes—exert aproportional influence on fertil-
ity ratesat all ages. That is, period-specific quantum effects are assumed to increase
or decrease rates by the same factor across all ages.

Important differences between adjustment procedures exist with respect to the
fertility rates on which the adjustment isbased. Bongaartsand Feeney (1998, hence-
forth BF) and Kohler and Philipov (2001, henceforth KP) use incidence rates (rates
of the second kind), while KO have proposed to use childbearing intensities (rates of
the first kind). In either case, the identification of tempo changes is derived from
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shiftsin the first moment, or in thefirst and second moment of the schedul e of fertil-
ity rates. If theanalysesuseincidencerates, asin BF and KP, thefirst and second mo-
ments are often referred to asthe period mean age at birth and variancein the age at
birth. Themean ageat birth, u« jf , andthevarianceintheageat birth, var jf , arecalcu-
lated respectively as

T
L@ )
(a-u)) - f,(a)
Var) = za Zaf/(a) ) (3)

inthe casewhen agea isgiven asthe age attained during acalendar year.? If theanal -
yses are based on childbearing intensities, as in KO, the parity-specific intensity
schedule mean age and variance, denoted u " and Var ", are obtained by replacing
theincidencerates f; (a) in Egs. (2-3) with the corresponding childbearing intensi-
tiesm; (a).

The measurement of tempo distortions has ashort history. Bongaarts and Feeney
(1998) (BF) introduced the concept of thetempo-adjusted total fertility rate, denoted
TFR’, based on asimple model of fertility change that allows for shifts of the inci-
dence rate schedule to younger or older ages over time. In the BF model, tempo
changes are therefore constant across all ages and the shape of the incidence rate
scheduleisinvariant over time. BF show that tempo adjustment inthismodel isfeasi-
bleinamanner quitesimilar to Ryder’'s(1964) translation formulafor thelinear case,
and they establish that tempo distortions are proportional to (1-r jf ), wherer jf isthe
annual increase in the period mean age at childbearing for agiven birth order.

Theintroduction of thetempo-adjusted total fertility ratein BF has spurred acon-
siderable controversy about the appropriateness and usefulness of this procedure
(Bongaarts and Feeney 2000; Kim and Schoen 2000; Schoen and Jonsson 2003; van
Imhoff and Keilman 2000). Whilethereisabroad agreement that the BF adjustment
isinnovative, simple and useful asafirst approximation, some of its problems have
led to reformul ation and extensions. Kohler and Philipov (2001) (KP), for instance,
have extended the BF adjustment so that tempo changes r J-f (a) can be different for
each ageand parity. Specifically, thetempo change r; (a) in KP canvary withagein
a systematic manner as

Wi _ f —f
rl(@)=y] +6! (a—a))

where a J-f is the mean age of the adjusted incidence rate schedule, y J-f is the mean
change that impliesincreases or decreasesin the mean age of the adjusted schedule

2 When using age-period or age-cohort incidence rates we have to add 0.5 to the mean age.
When using age at the beginning of the year we have to add 1.
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by anannual amount of y J-f ,ando J-f isthevariance changethat impliesan annual pro-
porti onzgll increasein the standard deviation of theincidencerate schedul e by afactor
of exp® i - Within the KP framework, the BF-adjusted TFR isaspecial caseinwhich
thetempo changes are constant acrossall age categories and the shape—and specifi-
cally the variance—of the fertility rate schedule does not change over time. A mea-
surefor the extent of variance changesin the KPframework can therefore be derived
fromtherelativeincreasein the variance of thefertility schedule per year, quite simi-
lar to the approach taken in the BF framework to use the annual change in the mean
age at birth to infer tempo changes from the trend in the mean age of the incidence
rate schedule.

In addition to adjusting summary measures of fertility, such asthe TFR, KP also
develop the tempo adjustment on the level of age- and parity-specific fertility inci-
dencerates, f; (a). At each ageand parity, an adjusted age- and parity-specificfertility
rate can thus be calcul ated as

fi@=f(@/MN-r/ (@]

wherer;, (a) isthetempo change at age and parlty j that isestimated based onthe an-
nual change [ n the mean age at childbearing (u ; ) and the proportional changeinthe
variance(Var; ) of the period incidence rate schedules (see KP for adetailed discus-
sion).

Thereliance of both the BF and KP modelson incidence rates, however, isunfor-
tunate since the inference about tempo change based on incidence rate schedulesis
affected by the dynamics of the parity composition of the population. Thisinfluence
of the parity distribution leadsto potentially non-negligible biasesin the estimates of
tempo distortions. In particular, fluctuationsin thelevel, mean and variance of thein-
cident rate schedule are not only the result of period-specific changesin fertility be-
haviour, but result from theinteraction of present fertility behaviour (asmeasured by
intensities) and past fertility behaviours (as present in the parity composition of the
population).

Thefollowing two examples exemplify the problemsthat potentially result from
thisinteraction. First, consider the case of adelay in first births combined with are-
duction in quantum prior to the calendar year of interest (denoted asreference year).
Thisisacommon scenario in many countries, and it is a particularly common case
when analysing lowest-low fertility countries of from a contemporary perspective.
Additionally assumethat thetiming and quantum of fertility stabiliseinthereference
year and are constant in subsequent periods. This combination of (a) a declinein
quantum associated with adelay of childbearing prior to thereferenceyear and (b) a
subsequent constant pattern of fertility timing and quantum implies that many
women in thereferenceyear had their first birthswhen the fertility rateswere higher
and births took place earlier. As a consequence, the proportion of women at parity
zero at older agesis “out of equilibrium” with too few women in that category as
compared to asituation where the fertility quantum and tempo had been constant at
their present levelsalso prior to thereference year. Astime progresses, therefore, the
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proportions of older women at parity zero will increase and therewill beashiftinthe
mean ageat birth for parity oneand above. Thisshift occursdespitethefact that there
are no further changes in the birth intensities, or the parity-specific quantum and
tempo, subsequent to thereferenceyear. An observer whoisnot awareof thejointin-
fluenceonincidenceratesof population composition (or past fertility behaviour) and
present fertility behaviour (asreflected in period childbearing intensities) might in-
terpret thisshift in mean age at first birth asatempo change and implement the BF or
KPadjustment of thetotal fertility rate. Infact, however, thisadjustment erroneously
corrects for changes in the timing of fertility in a situation where there have been
none: our example assumes that childbearing intensities, and thus parity-specific
tempo and quantum, are constant during and after the reference year.

Second, consider a situation that arises through a drastic decline in the quantum
of first-birth fertility, while the quantum at higher paritiesremains unaltered ascom-
paredto earlier periods. Thisnew patternimpliesthat fewer young women attain par-
ity one. Asaconseguence, the mean age at second birth as estimated from period in-
cidence schedules will increase over time because there is a declining number of
young womenwho areat risk of having asecond child. Thisincreaseinthemean age,
however, is not due to a change in fertility behaviour of women who are at parity
one—it merely resultsfrom the compositional change caused by adeclining fraction
of women who experience afirst birth. Moreover, in the application of the BF or KP
adjustment of the TFR theincrease in mean ageisinterpreted as atempo change for
second births, resulting in anincrease of the adjusted ascompared to the observed to-
tal fertility rate. Asin our first example, however, this adjustment is erroneous be-
cause there have been no changes in parity-specific fertility behaviour for second
births, and the observed changein the mean age of the period incidencerate schedule
isonly dueto theinteraction of tempo and quantum across different paritiesin deter-
mining these rates. Similar examples can also be devised for the calculation of
variances, where theinference variance changes based on incidencerates can also be
misleading.

In order to avoid the above problems associated with the use of incidenceratesin
the adjustment of fertility, Kohler and Ortega (2002) (KO) proposed an extension of
tempo adjustment to an age and parity model in which age and parity-specific child-
bearing intensitiesarethe basic measure of fertility. Sincetheseintensities constitute
occurrence-exposure rates, distortions due to shiftsin the parity distribution of the
popul ation are absent. Changesin the mean age u ]m and variance Var j“ of theinten-
sity schedules over time can therefore provide an inference of timing changesthat is
not affected by changesin the parity distribution of the population. Based on thisin-
sight, KO specify an age-specific tempo change r J-m (a) that is analogous to the KP
variance effect framework as

r@=y; +6;-(a-ay),

wherea;" isthe mean age of the adjusted intensity schedule, y " isthe mean change
and 6;“is the variance change that affect the mean and variance of the intensity
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schedule over time.® Once an estimate of the age- and parity-specific tempo change
r;" (@) hasbeen obtained from the evol ution of mean and variance of intensity sched-
ules over time, tempo-adjusted childbearing intensities can be calculated from the
observed intensities as

m(a) =m (a)/(1-r]"(a)),

thatis, inanidentical manner asin the KP-extension of the BF framework for tempo
adjustment.

Tempo-adjusted childbearing intensities then provide a versatile building block
of abroad range of fertility measures. For instance, the relation between incidence
rates and childbearing intensities in Eq. (1) suggests an alternative definition of
tempo-adjusted incidence ratesthat i s derived from tempo-adjusted childbearing in-
tensitiesm; (a) as
E, (@)
E(a)

Tempo-adjusted incidence rates are thus obtained by combining the observed
parity distribution in a calendar year with tempo-adjusted childbearing intensities
that remove the tempo distortions from fertility rates (net of influences resulting
from changes in the parity distribution). The tempo-adjusted incidence rates in
Eqg. (4) are therefore preferable to the adjusted incidence rates in the BF and KP
framework since (a) they avoid the above problems due to the estimation of tempo
changesfromincidencerates, and (b) they have adesirableinterpretation astheinci-
denceratesthat would have been observed at ageaif there had been no tempo change
in acaendar year, conditional on the parity distribution observed in the period.

The adjusted incidence rates f;'(a) and childbearing intensities m (a) are illus-
tratedin Figure 1 for Italy and the Czech Republic for theyear 1995. Table 1 reportsthe
underlying estimatesfor the sum, denoted qjm , themean u ;“ , and thevarianceVar J-m of
the adjusted intensity schedules along with the annual mean change and variance
change estimated for the year 1995. Table 1 shows that the mean change in both Italy
and the Czech Republic is largest for first births, and it is considerable larger in the
Czech Republicthanin Italy dueto afaster pace of fertility postponement. At the same
time, there is almost no tempo change for second births in the Czech Republic,

fa)=

m (). 4)

3 Inmany instances, variance effects can presumably beignored in terms of their overall influ-
ence on adjusted summary measures of fertility (such asthe TFR), and tempo changes can of -
ten be assumed to be equal across all agesin acaendar year (asisthe case in the BF frame-
work). Inparticular, variance effectsare present if tempo changesvary acrossage. If thetempo
changes rjm(a) arerelatively smaller below and relatively larger above the intensity schedule
mean age, that is, if variance effectsare present and 6;“> 0, the standard deviationintheinten-
sity scheduleincreasesover time. Thestandard deviation declinesover timeif é'j“< 0. Theneed
to consider such variance effects ari ses because changesin the timing of fertility do not neces-
sarily imply parallel shiftsin the parity-specific schedules of childbearing intensities (or inci-
dence rate schedules).
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Tablel:
Sum, Mean age and variance of adjusted intensity schedulein 1995 for Italy and the Czech
Republic, and estimated man change and variance change

Italy Czech Republic
Parity 0 1 2 0 1 2
Ssumq" 1.65 2.79 0.97 2.36 2.10 0.63
Mean uf' 31.03 27.37 26.74 27.00 26.37 24.38
VarianceVar ;" 5.33 6.29 5.89 5.21 5.34 5.17
Mean changey " x 10 2.03 1.22 -0.25 3.30 0.34 -1.59
Variance changed" x 1000 3.15 6.25 6.20 1.19 16.48 -5.65

Note: Incontrast toincidencerates, it is possible, asin the above exampl es, that the mean age for intensity schedules
ishighest for parity zero and then declinesfor higher parities.

and there is even a modest anticipation of fertility for third births. The variance
change is higher for second than for first births in both countries, and in Italy it re-
mainshigh asofor third birthswhilethereisareduction inthe variancein the Czech
Republic for third births. Figures 1(a, c) also reflect this pattern. The adjusted inten-
sities substantially exceed the observed intensities for first births, while the differ-
encesare substantially smaller for second and third births. Moreover, higher parities
also reveal the presence of variance changes. Thisis most clearly visible for second
birthsin the Czech Republic, wherethereisamarked annual increasein thevariance
(61"=0.016). Asaconsequence, the age-specific tempo changer," (a) is even nega-
tiveat very low ages, indicating an anticipation of births, and the adjusted intensities
are below the observed intensities. At age 24 a cross-over occurs, and above age 24
the proportional difference between the observed and adjusted intensities increases
with age and the pace of postponement is most rapid for women who are at risk of a
second birth at relatively old ages. Figures 1(b, d) additionally depict the KO-ad-
justed incidence rates defined in EqQ. (4). Thelevel of theseincidence ratesis below
that of childbearing intensities since thelatter result from the former by multiplying
with thefraction of exposurethat was contributed by women with different paritiesat
each age (EQ. 1).

For incidencerates(Figures 1b, d) and childbearing intensities (Figures 1a, c), the
tempo effects can beinterpreted asthe percentage by which each observed rate must
be adjusted to remove tempo distortions. A comparison of the schedulesin Figure 1,
however, reveals that even a large tempo adjustment in childbearing intensities at
some age a and parity j, which isdue to marked changesin individuals' fertility be-
haviour at this age and parity, may have asmall effect on incidence ratesif the pro-
portion of exposure contributed by parity | women at thisageislow. In addition, the
comparison between Italy and the Czech Republic al so refl ectsthe different age-pat-
ternsof fertility between Southern European and CEE countries, wherethelatter still
exhibit substantially younger mean ages of period incidence schedules.
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Figurel.
Adjusted and observed schedules of childbearing intensitiesand incidenceratesin Italy and the
Czech Republic, 1995

(a) ltaly: childbearing intensities (b) ltaly: incidence rates
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4 Life-table measures of period fertility

Thegoal of analysing period fertility isto describethefertility behaviour of asyn-
thetic cohort that experiencesthefertility rates—either specified as childbearing in-
tensitiesor asincidence rates—that prevail in agiven calendar year. In this paper we
particularly focus on life-table measures to describe period fertility. Life-table mea-
sures are probably the central tool of demographic analysis, and most commonly
used measuresin demography such aslife expectancy, total fertility rate, parity pro-
gression ratios, net reproduction ratios, can al beinterpreted aslife-table measures.
Period life-table measuresare al so synthetic measuressincethey do not refer toareal
cohort but to asynthetic cohort (Vallin and Caselli 2001). Thissynthetic cohortisas-
sumed (a) to experiencethe observed or adjusted period ratesover itslife-course, and
(b) not to be subject to mortality (exceptions are measures such as the net reproduc-
tion rate that include mortality). Life-table measures thus provide a unifying frame-
work for the study of both period and cohort demographic indicators, and they are
particularly suitable to the analyses of fertility within the age and parity model.
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Theinnovationin our discussion of life-table measuresof fertility isthe combina-
tion of these measures with the tempo adjustment of childbearing intensities dis-
cussed in Sections 2-3.* The analysisisthen based on fertility tablesthat constitute a
specia case of multiplicative life-tables in the sense that multiplicative calculations
based on childbearing intensities provide the probabilities of subsequent transitions
towardshigher paritiesintheageand parity model. Standard fertility measuresbased
onincidencerates, such asthe TFR, are additive becausethey are obtained by adding
age-specific fertility rates over age (and/or over birth order). Fertility tables have
been previoudly studied by Park (1976), Lutz (1989), Rallu and Toulemon (1993a),
Giorgi (1993) and De Simoni (1995), and they have been devel oped as a useful tool
to organise childbearing intensities and to compute summary measures of fertility.
Typicaly, afertility tablewill include columnsfor (a) the number of women, by age,
at different paritiesj,j =0, ... , J (b) the number of births of order j + 1 that occur to
women of parity j between agea and a + 1, and () the probability that awoman of
ageaand parity j experiences an additional birth prior to agea + 1. Programsto cal-
culatefertility tables and the rel ated measures discussed in this paper are available at
http://www.ssc.upenn.edu/~hpkohler.

The basic measure of fertility in the age and parity framework, denoted
n Fj(@9,2,), istheprobability that awoman whoisof agea, and parity j experiences
at least n additional births between exact ages a, and a,. On the aggregate level, this
probability isequal to the proportion of women of parity j and age a, who experience
at least n addition births prior to age a,. Thisprobability isparticularly simpleto cal-
culatefor one additional birth, whereit isalso denoted asthe conditional parity pro-
gression probability p,(ay, &), as

p](aooal)zlﬁ;(aoaal) = 171_[:;10 exp.:fm;(aﬂ (5)
=1l-exp [*zz;lo m (a)}.

Theconditional parity progression probability p(a,, a,) in Eq. (5) isthusequal tothe
probability that awoman who is of age a,and parity j experiences another birth and
progressesto parity j + 1 prior to age a,. This parity progression probability is*“con-
ditional” because it depends on theinitial age and parity of the woman.

When the second age limit in expression (5) is set to the upper limit of childbear-
ing ages w (say, age 49), the probability ,F;(a, ), or shorthand ,F; («) equals,
Park’s (1976) lifetime probability of at least n additional births for awoman whois
ageaand parity j. Thislifetime probability can also denoted as p;(a) for the special
case of n=1, that is, in the special case when it measures the life-time probability

4 Of course, life-tablemeasuresof fertility can al so be cal cul ated based on standard chil dbearing
intensities that are not adjusted for tempo distortions.

5 The programs are written in the freely available R package for statistical analyses and
graphics; see http://www.r-project.org. An aternative method for the calculation of fertility
tablesisthe LIPRO program by van Imhoff and Keilman (1991).
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1Fj(a,w)of atleast oneadditional birth after ageafor awomanwhoisat parity j.

Thesumof all adjustedintensitiesisdenoted in KO asthe parity-specificlevel ef-
fect,q;, defined as q; = E‘;’:a m (a), and it isrelated to the conditional parity pro-
gression probability asq; =—log(1 - p,(«)), where« isthe lower limit of childbear-
ing ages (say, age 15).

Whilethe cal culation of the progression probabilitiestothenext childin Eg. (5) is
relatively simple, the application of life-table fertility measuresto several paritiesis
more complicated since it needs to account for the different transitions to the first,
second, third, ...birth. Fertility tables provide a useful way of organising and pre-
senting these calculations. In general, afertility table will therefore include the con-
ditional parity progression probabilities p,(a, a +1), the number of women of parity |
and exact age a, D;(a), and the number of births occurring to those women between
agesaanda+1l, b(a a+1).

Thefirst stepin building afertility tableisthe conversion of childbearing intensi-
tiesto transition probabilities. Although the simplest approach is the direct estima-
tion of birth probabilities instead of intensities as in Rallu and Touleman (1993b),
thisisnot easily combined with tempo adjustments. The aternativeisthe simple ex-
ponential formuladerived from Eg. (5) that yields the tempo-adjusted age- and par-
ity-specific probability of birth, p,(a, a+1), as

p,(@a+1)=1-exp [fm; (a)} , (6)

where m (a) is the adjusted childbearing intensity at parity j and age a. The
tempo-adjusted age- and parity-specific probability of birth, p;(a,a+1)in Eq. (6)
can then be used to calculate the remaining life-table measures. In particular, the
births b; (a,a+1) and the parity distribution D, (a) table are iteratively calculated
over age using the formulas

b.(a,a+1)= D (a) p,(a,a+1)

D (a+1)=DJ(a)-(1-p,(a,a+1)+D, (@) p, (a,a+]1)

=D (a)-b,(a,a+)+b, (a,a+]1)

withtheinitia conditionsD, ()= NandD; (a)=0for >0, whereN istheradix of
the fertility table that equals the size of the synthetic cohort.®

6 Inthisiterativecalculation of thefertility table, it iscommon that thelast parity category, J, in-
cludes parities J and above. In this case, the formulas are dlightly different for thislast parity

and are given by by (@) = 21D, @)+ D, (a+ )] — {J)(/"];( )
,(a)/E(a

D,(a+1)=D,(a)+b, (a,a+1l),

where E,(a)/E(a) isthefraction of exposure at age contributed by womeninthelast parity cat-
egory J and the term f;(a)E(a)/E,(a) represents the fertility incidence rate for women condi-
tional on being in thelast parity category.



Hans-Peter Kohler and José Antonio Ortega 69

Two examplesof fertility tablesbased on thetempo-adjusted intensitiesaregiven
in Table 2 and 3for Italy and the Czech Republic in 1995. The primary advantage of
thesefertility tablesisthat many summary measurescan be constructed directly from
the table births. For instance, the numbers of births of order j, + 1toj, + 1 occurring
between age a, to a, inthe synthetic cohort isdefined by rectangular sumsof birthsin
the table [see also De Simoni 1995] as

a-1 )
b]"72 (ao’al) = za:an Z;:]l bj(a’a—i_l)
=2, biaa).

j=in 7
Thesumsb;, j,(ag, &;) then provide abuilding block for many life-table fertility
measures. The most important of thesefertility measuresisthe period fertility index.
This index represents a tempo-adjusted version of the PATFR index introduced by
Rallu and Touleman 1994, and it isequal to

PF=b, ,(a,w)/N,

where J is the highest parity in the fertility table. The period fertility index is thus
equal to the sum of al births occurring in the fertility table divided by theradix N.

The primary advantage of this period fertility index (PF) isits direct interpreta-
tionintermsof synthetic cohort fertility: itisequal tothetotal fertility of womenina
synthetic cohort that experience the tempo-adjusted childbearing intensitiesinacal-
endar year throughout their childbearing ages. This period fertility index isimpor-
tant becauseit provides asummary measure of the overall quantum of fertility inthe
age and parity model. Its equivalent on the parity-specific level is conditional parity
progression probability p;. Theseindicators of the quantum of fertility are free both
of tempo and compositional distortions, asisdesirable for quantum measures, since
their calculation is based on tempo-adjusted childbearing intensitiesinstead of inci-
dence rates.’

Several additional fertility measurescan bederived fromthefertility table. Forin-
stance, the period fertility index can also be calculated based on Park’s (1976) life-
time probability of n additional birthsfor women at the beginning of their reproduc-
tiveyearsasPF= Eﬁ —1 nFol(a,w), wherePark’slifetime probability of nadditional
births is calculated as |, Fq(at,w)= b, ; (a,w)/ N. Parity progression probabili-
tiesfrom parity j toj + 1 can also be directly obtained the lifetime birth probabilities
i+ = j uFola, w)/Fola, w). A further useful measure is also the cumulated sum
CF(a) = by 5(«r, a— 1)/N that provides the cumulative fertility up to age a.

7 Fertility tablesare generally calculated for women who are at parity zero and at the beginning
of their childbearing years (age ). While convenient and commonly performed, thischoiceis
merely aspecial caseof afertility table. Inparticular, alternative choicesareuseful to calculate
theadditional birth probability for womenwho areageaand parity j, denoted ,F;(a), suitablein
the context of cohort completion. The cal culation of these additional birth probabilitiesrequire
similar calculations asthosein Tables 2 and 3, but performed for women who areinitially of
ageaand parity j and followed only until agew and the birth order j + n (or alternatively, until
parity J). KO denote this subgroup of women as the synthetic cohort age a and parity j.
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Figure2:
Cumulated proportions of women at different paritiesin Italy and Czech Republic based on
1995 tempo-adj usted childbearing intensities
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Park’slifetimeprobabilitiesof at least j + 1 birthsfor Italy and the Czech Republic
areshownintherow “sum per women” in Tables2—3. Intheltalian example, the pro-
portion of women having an additional birth at parity and are equal to .81 and .5,
which implies a childlessness of about 19% and a parity progression probability
>, 0f .62. Only about 10% of women have athird child, and fourth births are almost
absent inthe synthetic cohort. The calculationsfor the Czech Republicyieldlifetime
birth probabilitiesof one, two andthreechildrenat 0.91, 0.62 and 0.09, respectively.

Theperiod fertility index obtained from thefertility tablesfor Italy and the Czech
Republic (Tables 2 and 3) equals 1.43 (Italy) and 1.63 (Czech R.), indicating that a
synthetic cohort experiencing the 1995 tempo-adjusted childbearing intensities
would have 0.2 children morein the Czech Republic as compared to Italy.

The distribution of women by parity at the different ages, D;(a), also follows di-
rectly from the fertility table (see aso Figure 2). If the childbearing intensities re-
mained constant long enough—which implies that there are no quantum or tempo
changes at any parity after the year for which the fertility tableis calculated—these
proportions would be the ones observed in the population. The D;(a) proportions
therefore reflect the equilibrium distribution that is defined asthe parity distribution
by ageinthestable population. Thefinal parity distribution attained by women at the
end of childbearing inthe stable popul ationisreflected in thelast row of thefirst four
columnsinTables2 and 3. In Italy, thefinal proportion of women at parity zero, one,
two and three or morein the 1995 synthetic cohort are0.19, 0.31, 0.40 and .1, respec-
tively, indicating that especially the progression probability after the first child is
low. About 50% of women therefore remain at parities zero or one. Thefinal parity
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distribution in the Czech 1995 synthetic cohort is0.09, 0.29, 0.53 and 0.09, whichis
consistent with the substantially higher parity progression ration from thefirst to the
second child, and a low probability to have a third child. Two children, therefore,
emerges as the most common parity in the Czech synthetic cohort, whichisin stark
contrast with Italy where there is amore even distribution among parities zero, one,
two and three or more.

Itisalso possibleto obtain birth-interval measures, since the mean birth interval
from parity j to parity j + 1isequal to the difference between the mean age at birth at
parity j + 1 minusthe mean age at birth at parity j for the women who had additional
children. This can be computed by splitting the number of births between agea and
a+ linthe genera fertility table into two columns: those by women that had addi-
tional children, , b;(a,a+1), and those by women that remained at parity j + 1,
1b;j(a,a+1). They are given respectively by

+bj(a,a+h=b;(a,a+1- p;(a,w) and
1bj(a,a+D=b;(a,a+1)[1-p;(a,w)],

where p;(a,w)= j;1F;(a, ) isthe additional birth probability defined in Eq. (5)
that awomenwho isof agea and parity j experiencesat |east oneadditional birth. Us-
ing the above separation of birthsinto , b;(a,a+1)and , b;(a,a+1), we can then
estimate the mean ages at birth for women who progressto thej + 1st child and those
who do not and remain at parity j. Subtracting the former from the mean age at the
next birth, we obtain the mean birth interval for the transition for parity jtoj + 1
(Feichtinger 1987). In Table 4 we show an example of the calculations. We observe
that those women who progress to second birth were much younger when having
their first birth than those that did not (27 versus 31.8 yearsin Italy, and 22.9 versus
26.5inthe Czech Republic). The sameappliesfor progression tothird birth. Because
of this, the difference between the overall mean ages at birth would be an underesti-
mate of the birth interval in the synthetic cohort. The mean birth intervals obtained
are therefore 4.38 years from first to second birth and 4.87 from second to third in
Italy, and 4.84 and 5.12 in the Czech Republic.

5 Period fertility analysis

Period measures of fertility areimportant because they can belinked to the num-
ber of birthsinacalendar year. In particular, whenever weareinterested in the conse-
guences of period fertility, it isusually the number of birthsthat matters (Calot 2001
a,d; Schoen and Jonsson 2003; Touleman 2001, van Imhoff 2001): itisthenumber of
birthsthat determinesthesize of future generationsand thustheimpact of current pe-
riod fertility behaviour on future labour market conditions, shortagesin the housing
market, or strains on pension systems due to ageing, etc.

The basic purpose of demographic analysisin thiscontext isthe separation of the
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different factorscontributing to thenumber of birthsinacalendar year. Inthissection
wediscuss severa period fertility measuresthat are suitablefor period analyses, and
we suggest a new decomposition of period fertility that provides alink between the
different layers of influences on the number of births: age composition, parity
distribution, and tempo effects.

Table4:
Mean birth intervals, fir st to second and second to third birthsfor Italy and the Czech Republic
(estimated from 1995 tempo-adjusted childbearing intensities)

Italy Czech Republic
Women Women not Women Women not
progressing to progressing to progressing to progressing to
next child next child next child next child
Transition first to second child
Mean age at 1% birth 26.97 31.85 22.87 26.52
Mean age at 2 birth 3135 27.71
Birth interval 4.38 4.84
Transition second to third child
Mean age at 1% birth 28.63 32.16 25.38 28.19
Mean age at 2™ birth 33.50 30.51
Birthinterval 4.87 512

Inastatic context wherethetiming and level of fertility remain constant over long
periods of time, the life-table measures of period fertility discussed in the previous
section and the conventional period fertility measuresyield identical results. Inthis
stable case, for instance, the TFR isequal to the period fertility index PF. Whilethis
stable scenario may beinteresting for formal demographic analyses, it isnot agood
representation of reality. Fertility ratesare clearly not constant over time, and in par-
ticular, the level aswell as the tempo of period fertility are subject to—sometimes
even very rapid—changes. In this context of changing fertility patterns, the equality
of life-table based measures and incidence-rate based measures of period fertility no
longer holds.

Despite our preferencefor life-table measures of fertility that are based on child-
bearing intensities (see Section 3), we begin our discussion of period fertility analy-
seswiththetotal fertility rate (TFR). It iswell known that the rational e for introduc-
ing the total fertility rate is the fact that it is not affected by the composition of the
population by age (e. g. Kuczynski 1932). The TFR isdefined asthe sum of age-spe-
cific fertility ratesfor all ages. It has been defined at the parity-specific level asthe
sum of theincidencerates for aparticular parity:

TFR; =Za fia)
TFR, =, TFR,
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The relationship between the TFR and the number of births has extensively been
studied by Ryder (1964, 1980) and Calot (1984, 1985). Calot, for instance, usesthe
term mean generation size for the factor that trandates the TFR into births, while
Ryder (1980) denotes asage distribution factor the factor that convertsthe TFR into
the crude birth-rate. Obviously, mean generation sizeisequal to the age distribution
factor multiplied by the average population size (or mean exposure).

The second factor influencing the number of birthsin a given calendar year, not
reflectedin previous analyses, isdueto tempo effectsthat arisefrom changesinindi-
viduals' timing of fertility. Thisinfluence of tempo effects can be assessed using an
appropriately tempo-adjusted period fertility measure that is comparable to the ob-
served TFR. In the context of the age and parity model of fertility, it ispreferable not
to use the BF-adjusted TFR, but instead define a KO-adjusted TFR that is based on
the tempo-adjusted incidence rates f/'(a) (see Eq. 4) as

TFR) =2, f/(a)
TFR' =), TFR]

ThisKO-adjusted total fertility rate has the interpretation as the TFR that would
have been observed in a calendar year if there had been no changesin the timing of
fertility inthat year, conditional onthe parity distribution of the population in the pe-
riod. Thatis, the TFR hastheinterpretationthat isdesired for theadjusted TFR, and it
avoids any distortionsin the adjustment that occur if incidence rates are used for the
estimation of tempo changes. Since the KO-adjusted TFR is based on childbearing
intensities it entails three key advantages: first, it provides a more direct link to
life-table measures and individual fertility behaviour (seebelow); second, itisequal
to the period fertility index if the age-distribution in a calendar year is equal to the
equilibrium distribution associated with the period tempo-adjusted intensities; and
third, the underlying inference of the tempo change is based on intensity sched-
ules—instead of incidence-rate schedules as in BF—which avoids potentially
misleading estimates due to compositional influences.

The overal influence of tempo effects on the period TFR can then be measured
viaamean tempo effect, denoted r, that is defined as

U TER )
where TFR is the observed and TFR” is the KO-adjusted period total fertility rate.
Thismean tempo effect isinterpreted asthe fraction of birthsthat “missing” (r > 0)
or“inexcess’ (r <0) inacaendar year dueto thefact that there have been changesin
individuals' fertility timing during that year. The mean tempo effect is zero if there
arenotempo changesacrossall parities, or if parity-specific tempo changes compen-
sate each other. Moreover, this mean tempo effect can al so be seen asaweighted av-
erage of al parity- and age-specific tempo effectsin childbearing intensities, and it
can be calculated separately for each parity or age-parity combination (for afurther
discussion, see Ortegaand Kohler 2002).
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Table5:
Summary period fertility indicatorsfor Italy and Czech Republic, 1995

Italy Czech Republic

First births | Second births | All births | First births | Second births | All births

Observed TFR 0.61 0.43 118 0.56 0.51 125
BF-adj. TFR 0.79 0.54 1.50 0.82 0.72 1.79
KO-adj. TFR 0.76 0.50 140 0.82 0.53 1.52

Table 5 reportsthe 1995 total fertility rate, the BF-adjusted TFR and the KO-ad-
justed TFR for first, second and al birthsin Italy and the Czech Republic. In both
cases, the observed TFR for first births suggests achildlessness of about , and the ad-
justed TFRsindicate asignificantly higher level of first-birth fertility. The samealso
pertains to the overall TFR, where the observed TFR indicates lowest-low fertility
levels and the adjusted TFRs suggest somewhat higher levels between 1.4 and 1.8.
However, there are also important differences between the BF and KO adjustment,
and except for second birthsin the Czech Republic, the BF-adjusted TFR exceedsthe
KO-adjusted TFR by 4-36% on the parity-specific and by 6.8% (Italy) and 17%
(CzechR.) ontheoveral level. Thesedifferencesresult from the estimation of tempo
changes based on either incidence rates (BF) or childbearing intensities (KO), and
our arguments suggests that the former calculationslead to an “over-adjustment” in
the above example due to distortions in the estimation (for related discussion, see
also Smallwood et al. 2000; van Imhoff and Keilman 2000).

Thethird and final factor in our decomposition, the effect of parity composition,
can beremoved by using the period fertilityindex that iscal culated from the multipli-
cative fertility table (see Section 4). We can then define a parity distribution effect,
denoted d, as

= B -1 (8)
TFR

that is, asthe ratio of the KO-adjusted period total fertility rate, TFR”, which is af-
fected by the period parity composition, and the period fertility index, PF, that isnot
affected by this parity composition. The parity distribution effect d is positive when
the parity composition isfavourableto high fertility and therefore increasesthe total
fertility rate ascompared to the stable population. Itisnegativeif the parity composi-
tionisdecreasing the TFR ascompared to the stable population, and iszeroif the pe-
riod parity distribution by ageisequal to the equilibrium distribution. Asisthe case
for the tempo effect, the parity distribution effect can be defined separately for the
different parities and also for each age-parity combination (see Ortega and Kohler
2002). If afertility regime—defined in terms of childbearing intensities—prevails
for asufficiently long time, the parity composition of the popul ation convergesto the
equilibrium distribution and the equalities TFR = TFR” = PFand d = 0 hold.

d
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Theabovefactorsin Egs. (7—8), which account for the influence of age structure,
parity composition and tempo distortions on period fertility, therefore provide aco-
herent decomposition of the observed TFR into its demographic components as

TFR,=(1-r)- (1 +d,) - PF, 9)

wherer, isthemean tempo effect, d, isthedistribution effect, and PF, isthe period fer-
tility index in calendar year t. Moreover, combining this expression with the mean
generation size G,, we obtain adirect relation between the period fertility index and
the number of birthsin acalendar year as

B, =G,-(1-r)-(1+d,PF, (10)

The number of birthsis thus derived from the period fertility index by considering
threefactors: the parity distribution effect d,, thetempo effect r,, and the mean gener-
ationsizeG,.

The period fertility index in this decomposition is a measure of the quantum of
fertility sinceit isequal to the completed fertility of a synthetic cohort experiencing
the tempo-adjusted period childbearing intensities. The tempo effect then reflects
the extent to which the timing of fertility is changing during a calendar year, and r,
expresses the influence of these tempo changes on fertility as the fraction of births
that are“missing” (r > 0) or “in excess’ (r <0) in the year due to apostponement or
anticipation of childbearing. The distribution effect summarisesthe influence of the
population parity distribution on periodfertility, and it expressesthisinfluence asthe
relativeincrease (d > 0) or decrease (d < 0) in the KO-adjusted total fertility rate due
to the fact that the parity distribution in acalendar year isless (more) favourable to
fertility than the equilibrium distribution in the stable population. Finally, the mean
generation sizerelatesthe period TFR to the number of birth in acalendar year. The
decomposition in Eq. (10) therefore provides adirect link between the period fertil-
ity index (PF) that measuresthe quantum of fertility and the number of birthsthat oc-
cur in acalendar year. Trendsin the annual size of the birth cohort can therefore be
immediately decomposed into the different factors contributing to the partition in
Eqg. (10): thequantum of fertility, thetiming of fertility, the parity distribution and the
mean generation size.®

8 A minor caveat of the above decompositionisthe sensitivity of the partition to the sequence of
operations. The partition is different if the effect of parity distribution is removed before the
tempo effect, which isalso possible. For instance, one reviewer of this paper suggested to use
the order “age, parity-composition, tempo”, since thefirst two effects are statistical whilethe
third effect isbehavioural. We prefer the decomposition in Egs. 13-14 becausetheinterpreta-
tion of thetempo effect refersto theactual proportion of birthsbeing missed andisthusclosely
related to the BF and KP tempo adjustments.
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Table6:
Decomposition of thetotal fertility rate and number of birthsin period fertility index,
parity distribution effect and mean tempo effect

Italy Czech Republic
1985 1995 1985 1995
First births
Conditional parity progression probability pg 0.864 0.808 0.926 0.905
Parity Distribution effect d -0.002 -0.063 0.033 -0.090
KO-adj. TFR 0.862 0.756 0.957 0.824
Mean tempo effect r 0.239 0.194 0.039 0.326
Observed TFR 0.656 0.610 0.920 0.555
Mean generation size G x 1000 418.7 440.2 68.1 80.2
#of births x 1000 2745 268.5 62.7 445
All birth orders
Period fertility index PF 1.627 1.425 1.978 1.632
Parity Distribution effect d -0.007 -0.015 0.056 -0.067
KO-adj. TFR 1.615 1.404 2.088 1.523
Mean tempo effect r 0.139 0.157 0.072 0.177
observed TFR 1.391 1.184 1.937 1.254
Mean generation size G x 1000 415.0 443.9 70.2 76.6
# of births x 1000 577.3 525.6 135.9 96.1

Source: Council of Europe (2000) for number of birth; own cal culations based on ODE data for decomposition

Table 6 provides the decomposition of the total fertility rate and the number of
birthsin Egs. (13-14) for Italy and the Czech Republic for 1985 and 1995. Thefirst
row reveals the conditional parity progression probability, py(c, w) or p,, whichis
our measure of the quantum of first-birth fertility in acalendar year. The probability
exceedsthe corresponding total fertility ratefor first birthsby morethan 30%in Italy
in both 1985 and 1995, and it exceeds the TFR, by 65% in the Czech Republic in
1995. These differences between the observed TFR and the quantum of first-birth
fertility can beaccounted for asfollows. In Italy, there hasbeen only amodest reduc-
tion due to a parity distribution effect in 1985, and the KO-adjusted TFR is amost
equal to p,; however, there has been asubstantial mean tempo effect, and the changes
in the timing of fertility reduced the Italian period total fertility by aimost 24%. In
1995, the parity distribution has become more unfavourable to first-birth fertility in
Italy due to the recent decline and delay of fertility, and the parity distribution pre-
vailingin 1995 impliesthat the KO-adjusted TFR isreduced by 6.3% ascompared to
the conditional progression probability. At the sametime, the mean tempo effect has
slightly diminished in 1995 as compared to adecade earlier, and the reductionin the
total fertility rate due to timing changesis*“only” 19.4%. In combination, these fac-
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torshave caused adeclineinthetotal fertility ratefor first birthsby almost 7% during
1985-95. Theeffectsof thisdeclineontheactual number of first birthsin 1995, how-
ever, has been partially compensated by alarger mean generation size that is due to
morewomen at primary childbearing ages, and asaresult, the number of first births
in 1995 isonly 2% below that of 1985.

The Czech pattern in 1985 is characterised by an observed total fertility rate for
first birth that isalmost equal to the period quantum. In 1995, however, asubstantial
gap between these two measures arises. This wedge between the observed fertility
level and the quantum of first-birth fertility is due to a depressing effect of a parity
distribution effect (d =—-9%) and alarge mean tempo effect (r = 33%). Inthe Czech
case, the depressing effects of tempo changes and parity distribution on first-birth
fertility are only partially compensated by an increased mean generation size, and
there has thus been a decline in the number of first births by 29% during 1985-95.

The parity distribution effect for first births in the Czech Republic is consistent
with our earlier examplesdemonstrating the di sadvantages of using period incidence
rates(Section 3): if thereisamarked declinein the quantum of first-birth fertility, po-
tentially combined with a postponement of fertility, the parity distribution becomes
unfavourable to fertility because many women in childbearing ages will have had
their children when fertility washigher and earlier. Thisexertsadepressing effect on
period fertility measures based on incidencerates, such asthe TFR for first births. If
thecurrent fertility pattern, definedin termsof childbearing intensities, prevailsfor a
sufficiently long time, therewill thus be anincreasein the KO-adjusted total fertility
rate (and also in the observed TFR) because more women will be at risk of having
their first child at higher ages.

The bottom part of Table 6 performs the same decomposition for all birth orders
combined, and in many waystheresult are quite similar. There hasbeen virtually no
parity distribution effectin Italy in 1985, and the observed total fertility rateisbel ow
the period quantum primarily due to tempo changes (r = 13.9%). In 1995, there has
been a further decline in the Italian period fertility index by 12% as compared to
1985. The observed TFR, however, has decreased by almost 15% because both fac-
tors, the mean tempo effect and the parity distribution effect, exert a stronger de-
pressing effect on the total fertility rate in 1995 as compared to 1985. In particular,
the parity composition effect has risen in magnitude to d = —1.5% and the fertility
postponement has lead to alarger mean tempo effect of r = 15.7%.

In the Czech Republic, the overall parity distribution effect in 1985 was slightly
favourable to fertility (d = 5.6%), and in addition, there has only been a very week
mean tempo effect (r = 7%). These factors thus compensate each other, and the ob-
served TFR in 1985 was only slightly below the period quantum of PF =1.98. The
situation changes substantially in 1995. While the quantum of fertility declines by
about 17% to 1.63 during 1985-95, the observed total fertility rate declines by 35%
toalowest-low level of 1.25. Thislarger declineinthe TFR is caused by two factors:
first, the emergence of an unfavourable parity distribution with “too few” women at
low parities, and second, the onset of arapid postponement of fertility that givesrise



80 Old Insights and New Approaches

to a mean tempo effect of 17.7%. While the effect of the TFR decline on the total
number of births was partially compensated by an increased mean generation size,
there has neverthel ess been amarked decline in the number of births by almost 30%
during 1985-95.

6 Cohort fertility

The investigation of fertility behaviour of individuals born in the same calendar
year is the realm of cohort analyses, and the property of tracing roughly the same
group of individual sover timeisthe primary reason that renderstheseinvestigations
attractive. However, all measures discussed in the previous sections (Sections 4 and
5) are period measures that apply to synthetic cohorts, and these measures do not
necessarily reflect thefertility pattern of any real cohort of individuals. Animportant
advantage of the KO approach discussed in this paper isthat all life-table measuresof
fertility, initially presented in Section 4 for the application to period analyses, are
also availablefor investigating cohort fertility. The only differencefor cohort studies
is that the tempo-adjusted childbearing intensities my; (a) and tempo-adjusted inci-
dencerates f;(a) need to be replaced with their observed counterparts m; (a) and
f; (a). Thisisnecessary sincetempo distortionson thelevel of fertility rates—either
incidence rates or childbearing intensities—are not relevant in the study of cohort
fertility: evenif thereare changesin thetiming of fertility, fertility rates obtained for
cohortsreflect the proper birth rates by which women progress from one to the next

parity.

7 Cohort completion: bridging the gap between period and
cohort fertility

The parity progression approach to cohort compl etion isbased ontheideathat the
most relevant way of obtaining information about the future fertility behaviour of
women still intheir childbearing yearsisto ook at the behaviour of women at therel -
evant agesand paritiesin themost recent periodsfor which dataareavailable. Thatiis,
future childbearing behaviour of women is described by projecting the current age-
and parity-specific period pattern in an appropriate manner on future cohort behav-
iour. Early examples of this approach towards the completion of cohort fertility are
Akers(1965) and Ryder (1980, 1986), which are based on the last period intensities
conditional on parity, marital status and/or birth interval.

The primary task in completing cohort fertility based on parity progression mea
sures isthe extrapolation and projection of the childbearing intensities experienced
by cohorts during the future reproductive years. Moreover, in order to base this pro-
jection of childbearing intensities on the past evolution of intensity schedules, it is
necessary to establish arelation between (a) the childbearing intensities experienced
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by cohortsin future yearsand (b) the adjusted intensity schedule in areference year
T, where the reference year is usually the last calendar year for which period
childbearing intensities are avail able.

Since the KO approach to tempo adjustment—similar to the BF and KP adjust-
ment—assumes that the adjusted intensity schedule is the product of a period-spe-
cific level effect, gj(t), and an age pattern of childbearing intensities, m; (a,t), that
can shift to younger or older ages, these two determinants, combined with specific
assumptions about future tempo and quantum changes, can be used to characterise
theintensitiesexperienced by cohortsinthefuture. KO cantherefore provide general
formulasfor cohort completion conditional on the parity-specific quantum effect in
the reference year and an arbitrary postponement scenario. While this approach can
be applied to any given set of postponement/quantum pattern, KO concentrate on
two particular benchmark scenarios: In the postponement stops scenario it is as-
sumed that any postponement that occursin thereferenceyear T comesto ahalt and
that thereisno further postponement of fertility during theremaining life-courseof a
cohort under consideration. In contrast, the postponement continues scenario as-
sumesthat the mean and variance changes observed in thereferenceyear T prevail in
the future. The period intensity schedule therefore continues to be shifted to later
agesduring thelife-course of cohortswho arestill intheir childbearing years, and the
annual extent of the shift equal sthe mean and variance change observed in therefer-
enceyear T. Both scenarios assume that the parity-specific quantum in the reference
year continuesto prevail inthefutureforalt = T.

Theformal development of the KO framework that facilitates these different sce-
narios is discussed in detail in (Kohler and Ortega 2002). The basic insights, how-
ever, are conveyed quite easily. In particul ar, the postponement continues scenariois
conceptually the same asintroducing tempo and variance changes back into the fu-
ture evolution of childbearing intensities, holding parity-specific quantum constant,
and the future annual mean and variances changes are equal to those estimated in the
reference year T. As a consequence of this re-introduction of tempo changesin the
future evolution of the period intensity schedules, the mean age and variance of the
adjusted schedule change over time and are given by

a;(=ai@)+y;-(-1)
Var (1) = Var}(I')-exp(28)" - (1= T1)),
Wherea (T) isthemean and Var (T) isthevariance of the adjusted intensity sched-
ulein the referenceyear, and a; (t) and Var (t) describe the evolution of this mean
and variance over timefor t = T The mean and variance change in the above rela-
tions, y{" and 4", that determine the future timing of fertility can be specified by the
analyst; for example, in the postponement stops scenario proposed by KO they are
equal to zero, whilein the postponement continues scenario they are equal to themean
and variance change observed in the reference year T. The above relations can then be

used to transform the adjusted intensity schedule in the reference year T |nto an ad-
justed intensity schedule m (a, t) for some future year t that has mean aJ (t) and
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variance Var j“ (t). The observed childbearing intensities—which are experienced by
cohorts at time t—can be derived from this adjusted schedule using the relation
m;(a,t)=(1-r"(a,t)) - m (a,t), wherer{" (a,t) =y "(T) + 6 (T) - (@a—a | (1))
In summary, the KO approach to cohort completion constitutes an improvement
over previous parity progression projectionsin the explicit consideration of tempo.

Figure3:
Italy: Projection of fertility behaviour for cohortswho have not finished childbearingin 1996
based on thelevel of fertility and postponement pattern observed in 1996
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identical resultsand are not distinguished from each other. Thefull lineinall graphsindicatesthe projection obtained
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A key advantage in this context isthe ability to incorporate different postponement
scenarios, enabling the KO approach to account for two distinct implications caused
by delaysin childbearing. On the one hand, tempo distortions lead to an underesti-
mation of the probability that women experience another birth conditional on their
current age and parity. Ontheother hand, the presence of afertility postponement de-
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laysthe age at which women are exposed to therisk of higher parity births. Thiscan
potentially lead to areduction of the progression to higher parities, which we denote
asthefertility ageing effect associated with a postponement of childbearing. Thisef-
fect can be partially or totally compensated for if the fertility schedule at higher
paritiesis shifted as a response to the postponement at lower parities.

Figure4:
Czech Republic: Projection of fertility behaviour for cohortswho have not finished childbear -
ingin 1999 based on thelevel of fertility and postponement pattern observed in 1999
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Thestudy of fertility ageing effectsisfeasiblewithin the KO framework by com-
paring the cohort completion under the postponement continues and the postpone-
ment stops scenarios. We illustrate this analysisfor Italy and the Czech Republicin
Figures 3 and 4 using reconstructed cohort dataprovided by the Observatoire Démo-
graphique Européen. In Figures 3(a) and 4(a), for instance, we consider the cohorts
who are 17 and 24 years old in 1996 (Italy) and 1999 (Czech Republic), each of
which constitutesthe most recent period dataavailable. Theanal ysesthen project the
proportion of womenwho will still be childlessintheyears 2000, 2005, 2010 ..., un-
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der the assumption that the 1996/1999 parity-specific fertility quantum isto prevail
inthefuture. Thesecal culationsare augmented in Figures 3(b) and 4(b) with the pro-
jected level of final childlessnessin al cohorts who are till in childbearing agesin
1996/1999.

Thefull lineinthesetwo figuresreflectsthe transition into parenthood that is ob-
tained from the observed childbearing intensities, and these calculations project an
ultimate level of childlessness around 28% in Italy and 25% in the Czech Republic.
However, because the pace of fertility postponement has been quite high during the
1990sin these countries, thisprojectionisdistorted by tempo effectsand doesnot re-
flect thetrue cohort experiencethat isimplied by the 1996/1999 level of fertility. The
unbiased calculations based on the adjusted childbearing intensities with no further
postponement of fertility (dashed lines) project asubstantially morerapid transition
into parenthood and a substantially lower level of ultimate childlessness of about
20% (Italy) and 13% (Czech Republic). Hence, projections based on the observed
childbearing intensities, which aretempo-distorted in periods of afertility postpone-
ment, tend to underestimate the fraction of women who are going to experience at
|east one child given the current level of fertility.

This ultimate level of childlessnessin cohorts does not depend on assumptions
about future postponement patterns in the KO model. However, important differ-
ences exist between the postponement stops and the postponement continues sce-
nario with respect to thetiming of entering parenthood. If the postponement of fertil-
ity isassumed to continue at the pace observedin 1996 (Italy) or 1999 (Czech Repub-
lic), the transition into parenthood is delayed (Figures 3a and 4a). This effect of a
continued postponement on thetransition into parenthood ismore pronounced in the
younger cohort because the postponement continues for a prolonged time until this
cohort reaches the primary ages of childbearing.

In Figures 3(c) and 4(c) we shift our analysisto the combined fertility acrossall
birth orders and report the cumulative cohort fertility for womenwho areage 17 and
24in 1996 or 1999. In both cohorts an ongoing postponement of fertility impliesa
lower cumulative fertility in all future years as compared to the postponement stops
scenario. Thispatternisdueto two factors. On the one hand, entry into parenthood is
postponed towards older ages. On the other hand, the delayed onset of parenthood
shiftsthe beginning of being ‘at risk’ of asecond and higher order birthseven further,
and at theserelatively old agesthe probability of experiencing asecond or third birth
declinesrapidly. Corresponding cal culations from observed childbearing intensities
suggest acumulativefertility that isbelow the postponement stops scenario, and this
difference is due to the tempo distortions in the observed period intensities. How-
ever, therelationisno longer asclear-cut if the postponement of fertility isassumed
to continue. In particular, the observed intensities and the postponement continues
scenario imply an approximately equal cumulative fertility until about 2008 in the
cohort aged 24, and afterwards a continued postponement suggests ahigher cumula-
tive fertility due to some late first and higher order births. In the cohort aged 17 in
1996/1999, the postponement continues scenario impliesacumulativefertility level
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until about 2020 that issubstantially bel ow thelevel suggested by the observedinten-
sities. Duetorelatively |ate childbearing the compl eted fertility inthiscohort will ex-
ceed the completed fertility suggested by the observed data, but it will fall substan-
tially short of the level attained by the cohort in the postponement stops scenario.
Thispattern, whichisillustrated for the cohortswho are 17 and 24 yearsold, pertains
similarly to al cohortswho have not completed fertility as of 1996/1999 (Figures 3c
and 4c). While the completed fertility of cohorts reaches a trough for cohorts born
around 1970 (Italy) and 1975 (Czech R.) and then increasesto levels of 1.4 (Italy)
and 1.5 (Czech R.) for young cohorts under the postponement stops scenario, cohort
fertility continuesto declineinyoung cohortsif the postponement of fertility contin-
ues at the pace observed in 1996/1999. These further declines in the postponement
continues scenario are due to a fertility ageing effect: the number of higher order
birthsisreduced by an ongoing delay of childbearing because women tend to be * at
risk’ of second and higher order births only at ages when the probability of ex-
periencing second, third, and fourth birthsis already quite low.

8 Discussion

Inthisarticlewehave provided an overview of traditional and recent methodsfor
theinvestigation of fertility, emphasising in particular aspectsof theanalysisthat are
relevant in contemporary low and lowest-low fertility contexts. For this purpose, we
have presented a new approach that integrates traditional measures of fertility, such
asthe TFR, in aversatile manner with (a) the tempo adjustment of fertility that cor-
rectsfor distortions dueto therapid postponement of fertility, (b) life-table measures
of fertility that eliminateinfluences caused by the parity composition of the popula-
tion, and (c) methods for cohort completion and projection that provide a consistent
and demographically correct mapping of recent period fertility patternson thefuture
childbearing behaviour of women still in their childbearing years.

Thisintegration is particularly important for measuring and understanding con-
temporary fertility trends. First, the separate analysis by parity emergesasakey as-
pect dueto the different socioeconomic contexts and decision-making processesthat
determine the transition to the first and then higher parity births. Moreover, due the
fact that in many low fertility countries alarger proportion of births occur outside
marriage, it isalso advisableto study birthsirrespective of marital statusand focuson
parity instead. In order to make these analyses possible, vital statistics must provide
the appropriate tabulation of births, which isnot always the case.

Second, we strongly argue in favour of using childbearing intensities, or occur-
rence-exposure rates, for the analyses of lowest-low fertility instead of incidence
ratesor rates of the second kind. In particular, childbearing intensities provideanin-
dicator of period fertility behaviour that is not affected by the parity distribution of
the population, which reflects past fertility behaviours and trends.

Third, we support earlier research arguing that tempo distortions have to betaken
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into account when the timing of fertility changes over time. The estimation of tempo
distortion must be based on explicit model s of fertility and tempo change, and wefa
vour in particular the age and parity model as a suitable framework for these analy-
ses. Most importantly, the evol ution of intensity schedulesinthe age and parity mod-
elsisnot affected by parity composition effects, eliminating therefore an important
limitation of analysesthat are based on incidence rate schedules.

Fourth, wedemonstratethat fertility tablescal culated from tempo-adjusted child-
bearing intensities enabl eresearcherstoisol ate the behaviour determinants of period
fertility from influences due to parity composition and tempo effects. In particular,
we propose the period fertility index, which reflects the completed fertility of asyn-
thetic cohort experiencing the tempo-adjusted period childbearing intensities, as a
natural measure of the overall quantum of fertility in acalendar year, and we suggest
the conditional parity progression probability as the corresponding indicator of the
parity-specific quantum.

Fifth, the above measures provide a decomposition of the total fertility rate into
three factors, including a mean tempo effect, a parity distribution effect and the pe-
riod fertility index. Adding the mean generation size, this decomposition providesa
direct link between the indicator of period quantum, the period fertility index, and
the number of birthsthat occur in acalendar year. Thisanalysis can therefore reveal
the extent to which the number of birthsin ayear is affected by current fertility be-
haviour of individuals, past fertility behaviour manifested in the population parity
distribution in acalendar year, and tempo changes due to contemporaneous changes
inindividuals' timing of fertility.

Sixth, we propose the KO approach for cohort completion. In particular, this ap-
proach uses the most recent parity- and age-specific period fertility behaviour and
projects these period fertility pattern on future childbearing behaviours of cohorts
who arestill intheir childbearing years. Thisanalysisispossible under different sce-
narios for the future evolution of the tempo and quantum of fertility. In addition to
projecting future cohort fertility, this approach thus enables the investigation of fer-
tility ageing effects, that is, potential reductionsin completed fertility due to an on-
going delay of childbearing that shiftsthe exposure to higher parity birthsto ages at
which therespective progression probabilitiesfor anadditional child arequitelow.

In summary, the measures described in this paper provide aunified toolkit that al-
lows (@) the description and analyses of period fertility patternsin termsof synthetic
cohort measures that are closely linked to individuals' fertility behaviour and cor-
rected for tempo distortions, (b) adecomposition of changesin thetotal fertility rate
and annual sizeof the birth cohort into trendsin the quantumand timing of fertility as
well asfluctuationsin the popul ation parity distribution, and (c) thedemographically
correct projection of cohort fertility under different scenarios about the future tempo
and quantum of fertility.
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