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Abstract 
 
Short-term variations in fertility and seasonal patterns of childbearing have been of interest 
to demographers for a long time. Presenting our detailed study of period fertility in Austria 
since 1984, we discuss the problems and advantages of constructing and analysing various 
period fertility indicators that reflect real exposure and potentially minimise the distortions 
caused by changes in fertility timing. We correct monthly birth data for calendar and 
seasonal factors and show that seasonality of births in Austria varies by birth order. Our 
study reveals that the methods explicitly aimed at adjusting fertility rates for tempo 
distortions are not suitable for computing monthly fertility rates. However, most of the 
timing distortions can be eliminated when using an indicator derived from the period parity 
progression ratios based on birth interval distributions, termed the Period Average Parity 
(PAP). We illustrate the insights gained from PAP and compare it with the commonly used 
total fertility rates in an analysis of the recent upswing in period fertility, starting in the late 
2001. This investigation will serve for establishing a monitoring of monthly fertility rates 
in Austria. 
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Monthly Estimates of the Quantum of Fertility: Towards a 
Fertility Monitoring System in Austria 

 
Tomáš Sobotka, Maria Winkler-Dworak, Maria Rita Testa, Wolfgang Lutz, Dimiter 

Philipov, Henriette Engelhardt, and Richard Gisser 
 
 
1. Introduction 
 

Observing variation constitutes the primary source of information about the 
determinants of change. This holds for our everyday learning as well as for much of the 
natural and social sciences. The three dimensions along which we observe variation in 
behaviour—the inter-individual, the spatial and the temporal dimension—taken together, 
provide us with a rich set of empirical data from which we can derive plausible 
hypotheses about the reasons for this differential behaviour and the drivers of change 
that can also be extrapolated into the future. 

 
Demographic analysis typically is carried out along all three dimensions. But at 

different times and in various schools of demographic research the weights placed on 
these dimensions differ. Traditional macro-level demography almost exclusively studied 
change and variation at the level of populations, as the word demography (derived from 
the Greek demos = people and graphein = to write) implies. More recently, thanks to the 
advance of statistical methods and the availability of large data sets collected through 
sample surveys, the research emphasis has strongly shifted toward the individual level, 
trying to disentangle the reasons for differential behaviour in population subgroups 
through multivariate analysis. Even more recently the study of individual biographies 
(life course analysis) also introduced the dimension of temporal change into the analysis, 
opening thus a broad and previously untapped field of research. The time steps 
considered in these life course studies are now typically calendar months because years 
turned out to be too crude a time unit. 

 
But the analysis of individual-level variation cannot tell us the full story. In order 

to understand the reasons of differential behaviour we also need to consider its societal 
context. Different welfare regimes, labour market patterns, cultural values, norms and 
public sentiments all present important macro-level determinants of demographic 
behaviour. Typically, these questions have been considered at the level of countries but 
more recent attempts to capture the contextual variables have gone much further along 
this path to characterising the contexts of demographic behaviour in smaller areas, 
combining the individual level with aggregate-level analysis. Temporal variation has 
remained the most important source of information at the macro-level, but the unit of 
temporal analysis has almost exclusively been the calendar year. The main reason for 
this prominent focus on annual variations is probably the availability of data, which are 
typically published and often collected on an annual basis. 

 
From a theoretical point of view one might assume that a smaller, i.e., more 

precise unit of temporal variation would provide us more information about the nature 
of the process under study. At the level of individual life course analysis the transition 
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from annual to monthly data has long been made. Why should not a similar transition be 
made for the analysis of aggregate demographic data? 

 
This is the issue this article aims to address. Since some of the contextual 

variables change from month to month, there is a great potential gain from a transition 
to monthly data. Presenting our detailed study of period fertility in Austria since 1984, 
we discuss the problems and advantages of analysing monthly data and constructing 
period fertility indicators that are free not only of seasonality effects, but also of the 
distortions caused by the changes in the timing of childbearing. Studying monthly 
trends in period fertility is particularly useful for analysing changes in relevant social 
security and child benefit policies, but in a broader perspective also changes in 
widespread feelings and public sentiments. One could also get a better handle on 
perception lags and reaction times to such changes.  

 
Short-term variations in fertility and seasonal patterns of childbearing have been 

of interest to demographers for a long time and a variety of hypotheses have been 
postulated on the biological, cultural, environmental, and social determinants of birth 
seasonality in various historical and contemporary settings (e.g., Lam, Miron, and Riley 
1994, Doblhammer-Reiter, Rodgers, and Rau 1999, Bobak and Gjonca 2001). 
Nevertheless, seasonal cycles constitute an obstacle for assessing short-term trends in 
period fertility. Especially in low-fertility settings, changes in the registered monthly 
number of births may capture the attention of the media and the general public. Thus, it 
is important to disentangle seasonal variation and the real increase in fertility rates. An 
advanced analysis of monthly fertility rates was developed by G. Calot (see, e.g., Calot 
and Nadot 1977, Calot 1981a and 1981b). Although most statistical offices publish only 
raw data on the observed monthly number of births, the Office of National Statistics for 
England and Wales publishes both crude and seasonally adjusted monthly total fertility 
rates in its birth statistics yearbook (e.g., ONS 2004).  

 
Our investigation of monthly fertility in Austria goes several steps further than the 

existing studies. We calculate fertility rates for each birth order separately, using the 
usual total fertility rates as well as the exposure-specific rates and fertility table 
indicators. To our knowledge, birth order (parity) has rarely been considered in the 
studies on birth seasonality (Prioux 1988 and Haandrikman 2004 being notable 
exceptions) and parity-specific fertility indicators have never been constructed on a 
monthly basis. In addition, we also analyse the possibilities of eliminating the 
distortions in period fertility rates caused by changes in the timing of childbearing. The 
practical outcome of our endeavours is the establishment of a monthly monitoring 
system providing a database of the most recent fertility indicators in Austria, which will 
be updated every month with the latest birth records obtained from Statistics Austria. 

 
The remaining parts of this paper are structured as follows. First, we discuss 

tempo distortions in period fertility and the existing methods that aim to eliminate these 
distortions. Then we specify the data and methods employed and introduce different 
indicators analysed. The subsequent Section 5 discusses selected general findings on 
birth seasonality and on the analysis of monthly fertility data. Section 6 provides a 
comparative analysis of fertility indicators studied. Section 7 uses the most recent data 
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to illustrate the insights gained with monthly fertility indicators. The last section 
concludes.   
 
 
2. Tempo Distortions in Period Fertility Rates 
 

Commonly used indicators of period fertility, such as the period total fertility rate 
(TFR), are sensitive to the changes in the timing of childbearing. When women advance 
or postpone childbearing, total fertility rates do not reflect the “pure” level (quantum) of 
period fertility, but rather an interplay of the quantum and timing influences, the latter 
often being referred to as tempo effects. These timing shifts do not affect the completed 
cohort fertility rate which constitutes an unambiguous indicator of fertility quantum. A 
shift towards a later timing of childbearing, which is currently underway in almost all 
European countries, pushes the period total fertility rates towards lower levels than 
would be observed if the timing of childbearing remained stable. In other words, since 
the younger generations of men and women wait increasingly longer before entering 
parenthood, a considerable proportion of births is perpetually postponed towards the 
future. This process is reflected by a divergence between the period total fertility rates, 
which are deflated by tempo effects, and the completed cohort fertility rates. For 
instance, the mean value of the period TFR in Austria in 1984-1990 was 1.46, well 
below the estimated completed fertility among women born in 1960 (1.77), who had 
realised a substantial portion of their childbearing during that period. These contrasts 
between the period and the cohort TFR are particularly strong in the case of first births 
(Sobotka 2004a).1  

 
The issue of timing distortions has received much attention since 1998, when 

Bongaarts and Feeney proposed an adjustment of the period TFR based on order-
specific total fertility rates and annual changes in the order-specific mean age at 
childbearing. At least three different factors have contributed to the subsequent rapidly 
evolving debate on tempo effects. First, many Northern and Western European 
countries have experienced more than three decades of continuous fertility 
postponement—which is a very long period of one-directional shift in fertility timing 
when compared with other timing shifts during the last century.2 Second, countries 
representing more than half the European population have experienced a decline of the 
period TFR to extreme low levels of 1.1-1.3 (Sobotka 2004b). In this context, the 
question whether such low fertility levels are attributable to distortions caused by 
fertility postponement or whether they reflect alarmingly low levels of fertility quantum 
appears crucial. While the latter possibility would justify calls for explicit pronatalist 
interventions, the first possibility reflects a growing need for detailed assessment on the 

                                                 
1 While the mean value of the first-order TFR in Austria in 1984-1990 (0.668) seemingly indicates that 
about one third of women might eventually remain childless, the estimated level of final childlessness 
among women born in 1962 is only at a half of this value, namely 16 to 17%.  
 
2 Austria has been no exception to a Europe-wide trend of delayed parenthood, although there the process 
started somewhat later than in most Western European countries, namely after 1980. In the early 1980s a 
typical Austrian woman gave birth to her first child before reaching age 24. Since then, the mean age at 
first birth among women in Austria (calculated from the age schedule of incidence rates) has increased by 
more than three years, reaching 27 years in 2004. 
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magnitude of tempo distortions in period fertility and the possible extent of the future 
increase in the period TFR. Third, Bongaarts and Feeney offered a relatively simple 
method of period fertility adjustment, which can be readily used in the majority of 
European countries.  

   
The debate on timing effects in period fertility indicators and the Bongaarts-

Feeney adjustment in particular has proceeded in several main directions. On a general 
level, many contributions have addressed the issue of delayed parenthood and its impact 
on fertility level and trends (e.g., Lesthaeghe and Willems 1999; Frejka and Calot 2001; 
Lesthaeghe 2001; Kohler, Billari, and Ortega 2002; Ní Bhrolcháin and Toulemon 2003; 
Sobotka 2004a) as well as on the long-term population dynamics (Lutz, O’Neil, and 
Scherbov 2003; Goldstein, Lutz and Scherbov 2003). From a methodological 
perspective, the Bongaarts-Feeney method has been repeatedly criticised for its 
unrealistic assumptions3 (e.g., van Imhoff and Keilman 2000, Schoen 2004) and, from 
the practical point of view, for the occasional erratic values and considerable 
fluctuations in the adjusted period TFR. Despite its deficiencies, the procedure received 
support by the sensitivity analysis presented by Zeng and Land (2001) and has been 
repeatedly used for an assessment of tempo effects in the period TFR in developed 
societies (e.g., Philipov and Kohler 2001, Bongaarts 2002, UN 2003, Sobotka 2003 and 
2004b).  

  
Further development of the more sophisticated methods of period fertility 

adjustment was a logical outcome of the criticism towards the Bongaarts-Feeney 
method. Kohler and Philipov (2001) suggested an adjustment which additionally 
incorporates changing variance in the age-specific schedule of incidence rates, while 
Kohler and Ortega (2002) and Yamaguchi and Beppu (2004) proposed an adjustment of 
the exposure-specific fertility indicators. A different approach was advocated by Schoen 
(2004), who employed completed cohort fertility data to derive an indicator of period 
fertility that is free of tempo distortions. This indicator, called the average cohort 
fertility rate at time t (ACF(t)), has an obvious disadvantage: it can be calculated for any 
given year t only when women bearing children in that year approach the end of their 
reproductive period and their completed cohort fertility can be derived. Only limited 
attention was paid to examining the usefulness of other existing indicators in reflecting 
the fertility level during the periods marked by substantial shifts in fertility timing; the 
analysis presented by Toulemon (2004) constitutes the main exception.   

 
This study assesses the usefulness of parity-specific fertility indicators constructed 

within the life table framework as well as the indicators providing an explicit 
adjustment for the tempo distortions in constituting a workable alternative to the period 
total fertility rate. Our explicit aim is to propose an indicator that is sufficiently stable 
                                                 
3 The main objections to the Bongaarts-Feeney formula are as follows: (1) It assumes that the age shape 
of the fertility schedule remains constant over time, i.e., that all cohorts postpone or advance childbearing 
to the same extent. (2) It is based on order-specific incidence rates (‘reduced’ rates) which do not take 
into account the actual parity distribution of the female population by age. As a result, the adjusted TFR, 
when specified by birth order, is often distorted by changes in the parity distribution among women as 
much as the ordinary period TFR.  Furthermore, it can be shown that the period mean age at childbearing, 
calculated from the age and order-specific incidence rates, is itself an imperfect indicator of change in 
fertility timing (Sobotka 2004a: 74-75), which may also contribute to the instability of results provided by 
the Bongaarts-Feeney adjustment.   
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when used on a monthly basis and at the same time capable of eliminating most of the 
tempo distortions typical of the TFR.  
 
 
3. Data 
 

Our study requires highly disaggregated data which are not commonly tabulated 
on a monthly basis. Statistics Austria supplied us with extracts from individual birth 
records in 1984-2004, which allowed us to construct any of the existing indicators of 
period fertility. We draw on data on all live-born children in Austria between January 
1984 and November 2004, consisting of 1.8 million records. The variables used are the 
date of birth of mother and child, biological live birth order of each child, and the date 
of the last previous birth that serves for a computation of birth interval (duration) 
analysis. The collection of birth statistics pertaining to the real (biological) birth order 
of a child started in Austria only in 1984 and therefore our analysis could not be 
extended to the period before 1984, when a rapid fertility decline had already been 
underway.  

 
Estimating the denominator (female population at risk) required combining 

different data sources. As the population by age and parity cannot be derived from a 
population register, these data had to be derived by combining the 1991 Census data on 
age and parity distribution among women (OSZ 1996) with our continually updated 
monthly estimates of age and order-specific fertility rates and the annual time series on 
the number of women by age, taken from EUROSTAT (2004). For the more recent time 
series starting from January 2001 we updated our estimates with the 2001 Census 
results (SA 2005). More details on the estimation procedure are provided in the 
Appendix 3. We performed sensitivity analysis to test whether our updated recent age-
parity estimates based on the 2001 Census produce different estimations of the age-
parity fertility table indicator (PATFR) than the original estimates based on the 1991 
Census and found relatively minor differences, which did not create any obvious break 
in the time series of fertility rates (see Appendix 6). Finally, to compute parity-specific 
fertility indicators based on duration since the previous birth, we had to estimate the 
distribution of live births by birth order for the years prior to 1984. Data for 1961-1979 
were derived from retrospective data on the distribution of births by birth order as 
recorded in the 1981 Census (OSZ 1989) combined with the total registered number of 
live births in that period. The number of live births by birth order in 1980-1983 was 
estimated from the total number of live births and the relative distribution of order-
specific births in 1978-1979 and 1984-1985. 
 
 
4. Methods 
 

4.1. Seasonal and Calendar Adjustment of Raw Number of Births 
 

The analysis of monthly number of births requires calendar and seasonal 
adjustments. The reason for the calendar corrections is that different numbers of 
weekdays within a month and different lengths of the months within a year may alter 
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the final amount of monthly births. Indeed, as shown in previous work (Calot 1981b; 
Höhn 1981; Gisser 1984), births occur more frequently on working days than in the 
weekends, and moreover, differences in the monthly number of births may well be 
influenced by the different number of days in a given month. Seasonal corrections are 
necessary for a proper interpretation of seasonal patterns in births and become 
prerequisites for a more advanced analysis of fertility trends.   

 
We compute a corrected monthly number of births by using the following 

adjustment: 
 

CBi(a) = Bi(a) ·IC · ISi ,     (1) 
 

where Bi(a) represents the observed number of births of birth order i by the age of 
mother a, CB denotes the corrected number of births; IC is the calendar factor, and ISi 
denotes the seasonality fluctuations of births of order i. 

 
To estimate the calendar factor we compute the weekday coefficients. These 

coefficients are given by the average daily number of births of the particular weekday 
divided by the mean number of births per day. Births are more frequent on Mondays to 
Fridays, irrespective of birth order. 4  As the differences by birth order were not 
significant, we did not include birth order components in the calendar adjustment.  

 
Then, the calendar factor is derived by summarising over the distribution of 

weekdays within the month, which are weighted by the corresponding weekday 
coefficient.5 Note that the calendar factor can be decomposed into two parts: an effect 
which can be linked to the length of the month, and a net effect for each day of the week 
(Ladiray and Quenneville 2001). The net effect only involves days of the week 
occurring five times in a month. Since every month contains four complete weeks, their 
net effects cancel out, and only the net effects of the additional days are controlled for.6 
Finally, the calendar factor standardises the monthly number of births to 1/12 of the 
year. Computations of the weekday coefficients, as well as the statistical tests, were 
performed using the statistical software package STATA (StataCorp 2004). 

 
Seasonal adjustments are aimed at removing seasonal variations from the time 

series. There are numerous methods for the adjustment of seasonal variation; a useful 
review is provided by Ladiray and Quenneville (2001). We use the X-12-ARIMA 
method implemented in the software package Gretl (Cottrell 2004). This method, 
developed by the US Bureau of the Census (Findley et al. 1998), is an iterative seasonal 
adjustment algorithm based on ratio-to-moving averages and is similar to the method 
proposed by Calot (1981a) for the seasonal adjustment of births. However, the X-12-
ARIMA differs from the Calot’s method in that the future values are forecasted by the 
                                                 
4 The figures of the weekday coefficients by birth order for all years since 1984 can be found in Appendix 
1; Appendix 2 specifies in detail the decomposition of the calendar adjustment factor. 
 
5 Since the birth records of 2004 are not yet complete, we used the weekday coefficients derived from 
2003 in order to correct the monthly number of births from January 2004 to November 2004. 
 
6 I.e., the net effect of 1 additional day for a February in a leap year, 2 additional days for April, June, 
September, and November, and 3 additional days for January, March, May, July, August, October and 
December remains. 
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use of ARIMA models (following the Box-Jenkins method) and the extended series is 
seasonally adjusted in order to increase stability at the end of the time series.  

 
We find that the seasonal pattern is rather stable over the whole investigation 

period, but unlike the calendar factor, the seasonality in births varies by birth order (see 
Section 5.1). Hence, we perform the seasonal adjustment of the monthly number of 
births separately for birth orders 1, 2, and 3+. 
 

4.2. The Selection of Fertility Indicators Analysed in this Study 
 

Since the changes in fertility timing make the interpretation of the total fertility 
rate highly problematic, any credible analysis of recent fertility trends should consider 
the distortions caused by fertility postponement. At the same time, the issue of how to 
correct period fertility indicators for these distortions remains disputed and none of the 
methods proposed thus far provides an unambiguous indicator of period fertility 
quantum. No research undertaken in the past has studied tempo distortions in shorter 
intervals than annual time series. We were facing a number of obstacles when deriving 
the monthly fertility indicators. Besides extensive data requirements, the computation of 
various fertility indicators by calendar month implied that the age and parity structure of 
the female population had to be estimated by calendar month as well. In order to test 
whether using more detailed birth data would change the resulting fertility rates, we also 
investigated the differences between monthly fertility rates specified by single years of 
age of women (annual birth cohorts) and the rates calculated for monthly birth cohorts 
(see Section 5.2). Furthermore, since the existing fertility adjustment methods have all 
been constructed on an annual basis, accommodating these methods for correcting 
fertility rates on a monthly basis required their modification. Finally, the tempo-
adjustment methods do not allow to estimate adjusted indicators for the most recent 
calendar year (month), as they use the most recent data for the period t to estimate the 
tempo-adjusted indicators in the period t-1. Analysing the Bongaarts-Feeney method, 
we therefore investigated the possibilities of calculating tempo-adjusted indicators for 
the most recent period (month) of observation (see Section 6.2). 

 
In our selection of fertility indicators, we put the main emphasis on parity-

specific indicators that reflect real exposure and on indicators that potentially minimise 
the distortions caused by the changes in fertility timing. A parity-specific approach is 
consistent with the sequential nature of childbearing and approximates the family-
building behaviour of real cohorts much closer than the usual approach based on 
incidence rates (Lutz 1989). Specifically, the life table (or ‘fertility table’) model 
constitutes our preferred framework to analyse period fertility. 

 
All indicators considered here are based on the synthetic cohort approach. The 

total quantum of fertility is expressed in terms of the mean number of children per 
woman, which is an intuitively understandable and easily interpretable unit of 
measurement. The aggregate total fertility quantum can be decomposed by birth order. 
To allow a compact and readable overview of various methods and indicators analysed, 
we kept the use of equations and symbols at the minimum level. A complete overview 
of all the equations used is provided in Appendix 4.  
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4.3. Fertility Indicators Selected for the Analysis 
 

Our study analyses the following indicators of period fertility: 
 
a) Indicators not explicitly adjusted for changes in the timing of childbearing 
 
The total fertility rate (TFR) 
Despite its shortcomings, this most widely used indicator of period fertility 

constitutes a starting point of our analysis as well as a benchmark to compare other 
fertility indicators. 

 
The fertility index based on age and parity life table (PATFR) 
Although not frequently used, a multistate fertility table based on age and parity is 

the most established parity-specific method of period fertility analysis. For any given 
period, fertility behaviour is specified by the set of age and parity-specific birth 
probabilities (or occurrence-exposure rates). Starting from the age when all women are 
childless (in our analysis age 12) the period life table model generates for every age a 
parity distribution that corresponds to the schedule of age-parity birth probabilities in a 
given period. The final parity distribution of the synthetic cohort of women at the end of 
their reproductive period (age 50 in our analysis) can be summarised in the overall 
fertility index PATFR (this acronym follows Rallu and Toulemon (1994), who termed 
the PATFR an index controlling for parity and age). 

 
Parity progression ratios based on duration since previous birth (parity and 

duration life table model, PPRd) 
In this framework, the transition rate between different parities is a function of the 

time elapsed since the previous birth. As contrasted with the PATFR index specified 
above, duration (birth interval) rather than the actual age is seen as a main parameter of 
fertility behaviour among women having at least one child.7 For each parity, a summary 
indicator combining fertility rates across all the birth intervals considered gives the 
period parity progression ratio (PPR).  

 
In this study we employ duration-specific ‘incidence rates,’ which relate births of 

order i in the period t at duration d to the initial number of women who experienced 
birth of order i-1 in the period t-d. Other than with the more frequently used duration-
parity birth probabilities, the exposure is based solely on the time series of the total 
number of live births specified by birth order. In contrast, computing duration-parity 
birth probabilities would involve an estimation of the population of women by parity 
status and duration since previous birth for each calendar month considered. We 
compute the period parity progression ratios for each parity above 0 as a sum of order-
specific incidence rates for all durations (birth intervals) considered, namely 0 to 25 

                                                 
7 This assumption finds a strong support in empirical data. Rates of subsequent childbearing are usually 
highest 2 to 4 years after the birth of a (previous) child, with a sharp decline thereafter. For instance, 
among women in Austria giving birth to their first child in 1984, almost a half (49%) had a second child 
during the next four years, while a quarter (24%) had a second child after five years or later, i.e., between 
1989 and 2003. Age is an important factor as well, but with the exception of old mothers it merely 
changes the overall intensity of subsequent childbearing, not the general pattern of birth interval 
distribution.   
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years. This method is an analogy to duration-specific incidence rates, pioneered by L. 
Henry to analyse marital fertility (e.g., Henry 1961). 

  
The period average parity (PAP)  
The parity-duration model specified above cannot be applied for first births. 

However, two different approaches are methodologically compatible with this 
framework to derive the fertility index of birth order 1 and consequently also the overall 
total fertility. Traditionally, the parity progression method has been used to analyse 
marital fertility and the date of marriage then served as a starting point of exposure to 
first birth (e.g., Henry 1953, Feeney and Yu 1987). Alternatively, first birth duration 
may be seen as a function of age. Then, the parity progression ratio to a first birth is 
given by the age and parity model specified above. This is a clearly preferred option to 
analyse fertility changes in any advanced society, since the high rates of non-marital 
childbearing imply that the study of marital fertility has become obsolete as it captures 
only a portion of the aggregate fertility. A combination of the PATFR index for birth 
order 1 with the parity-progression ratios to second and later births based on duration 
(birth intervals) yields the summary index of period fertility, which we call period 
average parity (PAP).8  

 
Although deriving the PAP index is a data-intensive endeavour, it has one 

considerable advantage: it is less affected by the changes in fertility timing than the 
other (non-adjusted) period fertility indicators. Its first component, the PATFR index of 
parity 1, is distorted by the timing changes to a relatively minor extent when compared 
with the period TFR (Sobotka 2004a), which is also apparent in the case of Austrian 
data (see Section 6.3 and Figure 5). Assuming that the trend towards later timing of 
childbearing is primarily driven by the postponement of first births and the subsequent 
pace of childbearing remains relatively constant, the duration-based parity progression 
ratios should be little affected by tempo effects. Since this method does not involve any 
explicit adjustment for tempo effects, it does not suffer all the methodological and 
technical problems linked to the various adjustment procedures.   

 
b) Indicators adjusted for changes in fertility timing 
 
Bongaarts and Feeney’s (1988) tempo-adjusted TFR (adjTFR) 
Irrespective of its flaws, the Bongaarts-Feeney adjustment constitutes the most 

established procedure to correct the period TFR for tempo effects. It is also less data-
demanding than alternative methods. As we demonstrate in Section 6.2, its main 
weakness in the case of Austria does not lie in suggesting implausible levels of fertility 
quantum in general, but rather in its volatility, which is particularly pronounced in the 
time series of monthly data. 

 
                                                 
8 There is no established way to term this summary indicator. Feeney and Yu (1987), for instance, simply 
use the term TFR or “parity progression ratio TFR,” while Rallu and Toulemon (1994) refer to the “index 
of parity and duration since previous birth” (PDTFR) and, in the particular case of duration-specific 
incidence rates, to the “duration-specific incidence rates index” (PDiTFR). We propose the term period 
average parity (PAP) in order to distinguish this index clearly from the commonly used total fertility rates, 
to emphasise its derivation from the period parity progression ratios and at the same time to keep the 
name reasonably short. 
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Kohler and Ortega’s (2002) adjusted PATFR index (adjPATFR) 
Unlike the Bongaarts-Feeney approach, Kohler and Ortega’s procedure employs a 

set of exposure-specific fertility indicators computed for each age and parity status of 
women, which can be summarised within the framework of parity-specific fertility 
tables. This method is methodologically preferable to the Bongaarts-Feeney approach as 
it reflects real fertility behaviour more adequately. In addition, this procedure may be 
used for formulating explicit scenarios of cohort fertility linked to different assumptions 
about the future course of fertility postponement and the interaction between fertility 
delay and fertility quantum (Kohler and Ortega 2004). We outline the essence of the 
highly complex Kohler-Ortega adjustment in Appendix 4 (Section A-4.6); a full 
description may be consulted in the original contribution (Kohler and Ortega 2002). 

 
However, besides clear methodological advantages, the Kohler-Ortega adjustment 

also has a number of problematic features, which are especially hard to deal with in the 
analysis of monthly time series. These features, which we discuss in more detail in the 
Appendix 4, include the issue of smoothing the observed data, the difficulty to derive 
the most recent adjusted indicators, the need of limiting the age range of rates used for 
the adjustment procedure and the instability of the adjusted rates at higher parities. 
Facing these difficulties, we decided after preliminary analysis not to include the 
Kohler-Ortega method into our study of monthly fertility rates. Instead, we used it only 
for the overall evaluation of results depicted on an annual basis and we restrict its use 
for birth orders 1 and 2 (see Appendix 7). 
 
 
5. Analysing Monthly Birth Data and Fertility Rates: General Findings 
 

This section summarises some general findings from our analysis of monthly birth 
data. The next section then provides an assessment of different fertility indicators 
studied. 

 
5.1. Birth Seasonality Differs by Birth Order 
 
The seasonal pattern of childbearing remained relatively stable during the 

analysed period, with a peak in summer and early fall and a trough in the last quarter of 
the year. In line with Prioux (1988) and Haandrikman (2004), our analysis depicted in 
Figure 1 reveals that this profile is not equal for different birth orders. While there are 
fewer births for birth orders 1 and 3+ in spring (especially in April and May), births of 
order 2 occur more often in spring; the seasonal coefficient is by 2% above the average 
monthly level in March and April. Furthermore, the peak in September is more 
pronounced for first births than for higher parities (coefficients 1,07 versus 1,04).  

 
However, the causes of the parity-specific differences of the seasonality in births 

are less clear. Prioux (1988) finds that the seasonal variation of first births in the 1960s 
and 1970s can to some extent be traced back to the seasonal variation in marriage 
planning, and thus partly explains the differences in seasonality between first and 
higher-order births during these periods. But there is less evidence on the influence of 
seasonality of marriages in more recent times. Haandrikman (2004) proposes that the 
birth order specific seasonality differences may be partly due to parity-specific 
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differences in the planning of births. Moreover, due to the availability of efficient 
contraceptives, some of the factors which influence the seasonality of births may affect 
the specific birth order to a different extent. For instance, the “holiday effect”, which 
links the higher number of births in September to the Christmas and New Year holidays 
(Doblhammer-Reiter, Rodgers, and Rau 1999), may have a stronger impact on first 
births, where both partners are most probably working before the child. This would 
explain the more pronounced September peak for first births. In addition, Prioux (1988) 
finds that second births are more planned than other birth orders. This may possibly 
explain that Austrian second births occur more frequently in spring, while first and third 
and higher-order births display a trough in these months. However, a more thorough 
analysis is required. We intend to study the recent parity differences in the seasonal 
pattern of fertility in Austria more in depth in our subsequent work.  

 
Figure 1 
Seasonal coefficients based on the monthly number of births from January 1984 to 
November 2004.  
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Note: Solid lines indicate the average seasonal factors and the dashed lines denote the 95 per cent 
confidence interval. 
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5.2. Considering Monthly Birth Cohorts does not Alter the Resulting 
Fertility Indicators 

 
Seeking to derive as precise estimates as possible, we calculated all the order-

specific incidence rates, the total fertility rates and the mean ages at childbearing from 
month-cohort data as well as in the usual age cohort format defined by single years of 
age. Using the detailed monthly data, specified for ages 132 to 612 months (ages 11 to 
51 in completed years), did not bring any detectable change in the resulting order-
specific fertility indicators. While the monthly age-specific rates were extremely erratic 
when monthly birth cohorts were considered due to the small number of births in each 
category, the aggregate indexes of fertility were identical with those derived from rates 
specified by single years of age. As a result, we did not pursue the computations of rates 
by monthly birth cohorts any further and used the annual birth cohorts of women aged 
12 to 50 to derive all age-specific fertility indicators. Considering monthly birth cohort 
also did not alter the indicators of fertility timing, namely mean and median age of 
mother at childbearing, which are utilised in the computation of the Bongaarts-Feeney 
adjusted TFR. Appendix 5 provides further details on our comparisons of month-cohort 
and year-cohort age data format.  
 

5.3. Raw Data and Crude Fertility Rates Display Considerable Monthly 
Variation 

 
Figure 2 compares monthly numbers of live births with the crude period total 

fertility rate and with the TFR adjusted for both calendar and seasonality factors. Within 
the seasonal adjustment algorithm of the X12 ARIMA method, the trend component is 
estimated that eliminates the irregular component from the analysed data. The gross 
TFR is characterised by strong irregularities and therefore not suitable for an evaluation 
of monthly trends. Similar or even stronger fluctuations are typical of order-specific 
gross total fertility. Clearly, seasonal factors and short-term distortions play an 
important role and the monthly time series of period fertility can be meaningfully 
analysed only after the adjustment for calendar, seasonal, and irregular components is 
applied.9  
 

In the following parts of this article, we focus on fertility trends net of the 
seasonal and irregular influences and present all the indicators adjusted for calendar and 
seasonality components10.  
 
 

                                                 
9 One remarkably stable feature of seasonality patterns of fertility in Austria is the elevated fertility in the 
third quarter of the year, between July and September. While the differences between the mean gross TFR 
in the first, second, and fourth quarters are often indistinguishable, the total fertility rate in the third 
quarter always stands out, although the magnitude of this difference varies over time. The average third-
quarter gTFR in 1984-2003 was 1.49 as contrasted with 1.43 in the first quarter, 1.42 in the second 
quarter, and 1.39 in the fourth quarter (see Figure A-1.5 in Appendix 1). 
 
10 To keep consistency between our order-specific fertility estimates and the overall TFR, we calculated 
the overall calendar- and season-adjusted total fertility by aggregating the order-specific TFRs. The 
differences between this estimate and the direct adjustment of the overall TFR were negligible, on 
average only 0.3% in relative terms. 
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Figure 2 
Monthly series of live births, crude TFR, and the TFR adjusted for calendar factors and 
seasonality in 1984-2004 
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6. Comparing Various Fertility Indicators 
 

6.1. Total Fertility Rates by Birth Order 
 

Viewed from the perspective of long-term trends, the total fertility rate in Austria 
depicts low but remarkably stable levels over the whole period of observation, with a 
mean value of 1.43. This stability is particularly apparent for the TFR for birth order 2, 
which oscillates very close to the level of 0.50 and to a large extent also for the first-
order TFR, which typically reaches values between 0.65 and 0.70 (see Figure 3). Only 
the total fertility for birth orders 3 and higher is an exception from this stability: it 
generally tended to decline, although gradually, thus mirroring the secular trend towards 
the smaller family size. The decline in higher-order TFR ceased between 1986 and 1992 
and, more importantly, there have been signs of a trend reversal starting in October 
2001 (see also Section 7). It is only in the most recent years that the order-specific 
components of total fertility have generally moved in the same direction.  
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Figure 3 
Total fertility rate by birth order between January 1984 and November 2004 
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6.2. Bongaarts-Feeney Tempo Adjusted TFR (adjTFR) 

 
Given that the postponement of childbearing towards higher ages has been in 

progress ever since 1984, the levels and trends of the period total fertility rates should 
be interpreted with caution. However, our attempts to provide an explicit adjustment for 
the tempo effects in the period TFR using the Bongaarts-Feeney method were 
unsuccessful. The period mean or median age at childbearing, when computed for each 
calendar month and specified by birth order, shows relatively large fluctuations, which 
strongly affect the resulting tempo adjustment (see also Figure A-1.3 in Appendix 1). 
Consequently, the tempo-adjusted TFR is characterised by unacceptably wide 
fluctuations, despite our efforts to derive more stable values (see Figure 4). When 
deriving the estimates from the observed values of monthly changes in the mean age at 
childbearing, the tempo-adjusted TFR frequently depicts abrupt shifts and absurdly high 
or low values (results not shown here). Besides modifying the computation of monthly 
changes in the mean age at childbearing to represent the change over a period of one 
calendar year (line denoted as “approach 1” in Figure 4; see also Appendix 4, Eq. 
A4.15), we investigated the computation of the adjustment using the median age, the 
mean age derived from a restricted age range of incidence rates (to eliminate the 
influence of outlying cases), as well as smoothing the monthly series of mean ages. 
Figure 4 illustrates that even after the smoothing (5-month moving averages are shown 
here), represented by the adjusted TFR line denoted “approach 2,” the tempo-adjusted 
indicator cannot be used for any meaningful analysis of monthly trends in period 
fertility11. This finding gives further support to the of the Bongaarts-Feeney method. 
Although the method depicts more stable and plausible results when used to analyse 
                                                 
11 Using the moving averages of monthly mean ages at childbearing was also problematic for the purpose 
of our study. Even when using the 3-month moving averages, it is impossible to obtain a result (i.e., the 
mean age) for the most recent month of observation. 
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tempo effects in period fertility on an annual basis or over longer time periods, its 
failure to capture monthly trends in fertility underlines its methodological inadequacy. 

 
Figure 4 
The unmodified (approach 1) and smoothed (approach 2) version of the tempo-adjusted 
period TFR as compared with the period TFR in 1984-2004 
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6.3. The Fertility Index Based on Age and Parity Life Table (PATFR) 
 

The PATFR index differs considerably from the TFR in the case of first birth 
order (see Figure 5). This finding supports our argument that the PATFR for birth order 
1 is considerably less affected by tempo effects. It shows very narrow irregularities over 
time and does not display clearly detectable peaks and troughs, which are, at least to a 
limited extent, present in the period TFR. However, the general trends are in agreement 
between both indicators, showing a slightly increasing tendency in the most recent 
years. Over the whole observation period, between January 1984 and November 2004, 
the first-order PATFR was on average by 0.10 higher (0.767) than the first-order TFR 
(0.669). This is a considerable difference, which shows that during the last two decades 
the first-order fertility quantum has remained well above the levels suggested by the 
period total fertility rates.  

 
The results differ, however, for higher birth orders. The PATFR index is 

particularly strongly affected by the changes in fertility timing at order 3 and above. For 
birth order 2, the TFR and PATFR indicators show very similar values and almost 
identical trends, while the PATFR stays well below the period TFR at birth orders 3 and 
higher. Obviously, the PATFR is also affected by the changes in fertility timing, but 
unlike the TFR, the extent of tempo distortions is strongly linked with parity: the higher 
the parity, the more pronounced are the tempo effects in the PATFR. This pattern was 
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also found for other European countries (Sobotka 2004a). All birth orders combined, the 
PATFR index typically remains slightly above the TFR (Figure 7 below), but this 
difference is so small that it does not justify the use of the PATFR as a substitution of 
the total fertility rate. 
 
Figure 5 
The period PATFR by birth order as compared with the TFR, 1984-2004 
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6.4. Parity Progression Ratios Based on Duration since Previous Birth 

(PPRd) 
 

Figure 6 presents period parity progression ratios among women with one, two, 
and three children. Progression rates to higher-order births are very close to the 
progression rate from parity three to four and are relatively unstable due to the small 
number of monthly births at higher birth orders. The figure illustrates well the persistent 
popularity of a two-child family model: while the progression rate to the second child 
remains close to three quarters, less than 40% of women with two children eventually 
have a third child. There is a marked upward trend between 1987 and 1992 in the 
propensity to have a second and a third child. This trend culminated in January 1993, 
when the parity progression from the first to the second child reached 0.81, up from 
0.68 recorded in the first quarter of 1987. Between 1993 and 1999, the progression rate 
towards the second and the third child gradually declined, in the former case dipping 
temporarily below 0.70 in 1999 and 2001. More recently, the progression to the second, 
third as well as fourth child has been increasing again: among women with one child, 
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the parity progression rate reached 0.75 in the second half of 2004, which represents the 
highest level since 1996 (see also Section 7).    

 
Are the duration-based PPRs suitable indicators of fertility quantum? Unlike the 

total fertility rate, the PPR indicators are not affected by the general shift towards 
delayed parenthood. In this sense, the PPR framework provides a reliable measure of 
fertility quantum in a longer time perspective.12 However, the period PPR may be 
distorted by tempo effects related to the shortening or prolonging birth intervals. The 
peak in the parity progression ratios in 1992-1993 might be caused by a temporary 
‘speeding-up’ of childbearing among women who already had one child. The evidence 
suggests, nevertheless, that the recorded increase in the intensity of childbearing had 
been genuine—manifested also by a slight increase in the TFR as shown in Figures 2 
and 7. Although Hoem, Prskawetz, and Neyer (2001) found evidence of a shortening 
birth interval between the second and third child in 1993-1996 following the change in 
parental leave regulations effective from July 1990, our data suggest that the mean birth 
intervals have remained remarkably stable since the mid-1980s (see Figure A-1.4 in the 
Appendix 1).13 This stability of birth intervals lends support to our assumption that the 
duration-based parity progression ratios are generally undistorted by tempo effects and 
represent the period fertility quantum quite well. 

 
Figure 6 
Period parity progression ratios (PPRd), 1984-2004 
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12 This feature is reflected by a close correspondence between the period PPRd indicator and its cohort 
counterpart. The latter can be computed not only for birth cohorts of women, but also for the parity 
cohorts of women who had their first, second, or higher-order child in a particular year. Our computations 
for these parity cohorts show that the progression rate to a second child is surprisingly stable in Austria, 
reaching eventually the levels of 0.72-0.77 among women giving birth to their first child in 1984 and later. 
This corresponds to the mean value of the period PPRd indicators between 1984 and November 2004, 
which reached 0.73.  
 
13 The mean interval between the first and second births is 4.0 years, while women who chose to have a 
third child wait considerably longer, 5.0 years on average. 
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6.5. The Period Average Parity (PAP)  
 

Whereas the methods explicitly aiming at removing tempo distortions from the 
period fertility indicators are not suitable for an analysis of monthly data, the index of 
the period average parity (PAP) provides encouraging results. This indicator, derived 
from a combination of the PATFR for birth order 1 with the duration-based parity 
progression ratios, is compared with the TFR and the PATFR in Figure 7. 
 

Thanks to its limited sensitivity to the timing effects, the PAP shows considerably 
higher levels of period fertility than both the TFR and the PATFR. The distance 
between the PAP indicator on the one hand and the TFR and the PATFR on the other 
remained fairly wide during the whole period between 1984 and 2004. Surprisingly, all 
three indicators depict almost identical trends marked by short-term fluctuations as well 
several more lasting shifts: the rise in fertility, peaking in 1991-1993, a subsequent 
gradual decline followed by a trough in 1999-2001 and a recent upward trend. The 
elevated fertility levels around 1992 were more pronounced in the PAP index, 
suggesting that the timing effects did not diminish during that period: whereas the 
calendar and seasonally adjusted TFR reached 1.54 in the mid-1991, the PAP reached 
the level of 1.78 at the same time.  

 
Further dissemination of the PAP indicator is certainly constrained by limited 

availability of detailed data on births by birth order and duration since the previous 
birth, which are not routinely published by the official statistical bodies. We are 
nevertheless convinced that the PAP has a strong potential and deserves widespread use 
in other countries experiencing rapid fertility postponement.  
 
Figure 7 
Three synthetic indicators of total fertility: PAP, PATFR and TFR in 1984-2004 
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7. Analysing Short-Term Movements in Period Fertility: 2001-2004  
 

The main purpose of our investigation is to construct fertility indicators that 
would allow to trace and analyse short-term trends in period fertility rates. The recent 
upswing in period fertility, originating in 2001, may serve as an example of change that 
can be studied with the monthly series of the TFR and PAP indicators. To gain better 
insights into the recent fertility movements, we analyse order-specific components of 
both indicators. 

 
The recent fertility increase has occurred in two waves. During the first wave, 

fertility increased between November 2001 and August 2002. The PAP index grew by 
8%, from 1.48 to 1.60. Subsequently, fertility was slightly declining for about a year, 
when the PAP reached a low level of 1.55 in October 2003. Then, fertility started to 
increase again, peaking at 1.64 in August 2004, representing an increase of almost 6% 
and more than 10% over the whole 3-year period since November 2001. Considering 
the timing of conception, rather than the actual timing of births, we may conclude that 
pregnancy rates increased for most of the years 2001 and 2003, starting in the February-
March period. Changes in the total fertility rate have been less pronounced; overall, the 
TFR has risen by 8% during the last three years, from 1.33 in October 2001 to 1.44 in 
November 2004. The most recent data for November 2004 show that the fertility level 
has been the highest since the mid-1990s. The increase in the PAP index points out that 
the recent rise in fertility is due to a ‘genuine’ increase in fertility quantum and has not 
been driven by a decline in tempo distortions. On the contrary, the estimated tempo 
effect, as represented by a difference between the PAP and the TFR, has slightly 
increased since 2001. 

 
What has been the role of order-specific components? In absolute terms, almost half the 
increase in total fertility has been driven by an increase in its first-order component, 
corresponding to its share on the TFR. More interesting is an analysis of relative 
changes in order-specific components of the TFR and PAP, revealing a strong relative 
increase in the propensity to have a child among women with two or more children, 
especially between October 2001 and July 2002 and, most recently, since April 2004. 
Whereas in November 2004 the TFR exceeded by 7% the level reached in January 
2001, the TFR at birth orders 3+ increased by 12% (see Figure 8). However, due to the 
low share of higher-order births on the overall TFR, the absolute impact of this increase 
was limited. The increase in higher-order fertility rates is even more pronounced in the 
decomposition of the PAP. This indicator suggests that the increase in fertility was 
mostly driven by the rising propensity of mothers with one or more children to have 
another child. Whereas the PATFR of first birth order increased only by 2% between 
January 2001 and November 2004, the PAP index at parity 3+ shot up by about 26%.  
 

Despite considerable differences between the TFR and PAP, the relative increase 
in fertility among women with two or more children is well detected by both indicators. 
When the timing of conception is considered, the steeper part of this increase can be 
traced back to the period between January (or March when measured with the parity 
progression data) to October 2001. The decomposition of change in parity-progression 
ratios and the PAP indexes between October-November 2001 and October-November 
2004, depicted in Table 1, further shows that the propensity to have another child  
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Figure 8 
Relative changes in the TFR (total and for birth orders 3+), PAP, and the parity 
progression to third birth (PPR2-3), between January 2001 and November 2004; 
January 2001=100 
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clearly increased with parity. Childless women were only by 3% more likely to bear a 
child in the latter period, while the propensity to have an additional child increased by 
9% among women with one child, 11% among women with two children and 14% 
among women with 3 children as compared with the overall increase of 10% in the PAP 
index. Among the order-specific PAP indexes, the index for orders 3 and higher rose 
steeply by 31%, reflecting the multiplicative effect of increasing parity-progression 
ratios. The increasing fertility rates at third and higher birth order mark a clear trend 
reversal: from the late 1960s until the late 1990s, period fertility trends were dominantly 
driven by a declining fertility at higher birth orders, initially steep, and later gradual. 
This decline has now come to an end and, in the last two years, has been reversed. 
Although it appears robust, it is too early to tell whether this reversal might last in the 
coming years. 
 
Table 1 
Change in the parity progression ratios and order-specific PAP indexes between 
October-November 2001 and October-November 2004 
 

  PPR0-1 PPR1-2 PPR2-3 PPR3-4 PAP2 PAP3+ PAP 
October to November 2001 0,745 0,690 0,325 0,268 0,514 0,228 1,487 
October to November 2004 0,764 0,749 0,362 0,305 0,572 0,298 1,634 

         
INDEX 2004 / 2001  1,026 1,085 1,115 1,138 1,113 1,307 1,099 
 

Note: PPR0-1 is equal to the PATFR index of birth order one. 
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8. Conclusion 
 

Computation of monthly indicators of period fertility presented here required 
solving a number of methodological and practical issues. This study utilised a database 
of individual birth records in Austria in order to find out whether we can derive monthly 
indicators of fertility that are parity-specific and at the same time minimise the 
distortions caused by the shifts in the timing of childbearing. We have shown that in 
order to derive meaningful indicators of monthly fertility, the raw data should be 
adjusted for seasonality and the trend component. Since the seasonal childbearing 
patterns differ by birth order, it is useful to differentiate the seasonal adjustment by birth 
order. The indicators of period fertility aimed at removing tempo distortions present in 
the commonly used fertility measures, especially the total fertility rates, turned out to be 
problematic for an analysis of monthly data: the adjustment suggested by Kohler and 
Ortega in particular due to the complexities involved in deriving the monthly time 
series, and the indicator of Bongaarts-Feeney due to huge fluctuations and generally 
erratic results. Considering a finer level of detail by using indicators computed for 
monthly birth cohorts instead of the usual year-cohort format did not appreciably 
change any of the fertility indicators computed. Our focus on indicators that are parity-
specific (i.e., they correctly reflect exposure) and may at the same time reduce the 
magnitude of tempo distortions proved fruitful. We advocate using the period average 
parity (PAP), a methodologically sound indicator based on a life table model, which 
provides a realistic estimate of fertility quantum without applying any of the simplifying 
assumptions that are typical of the tempo-adjustment methods.  

 
The PAP is not entirely free of tempo effects as its first-order component is based 

on the (unadjusted) age-parity fertility table indicator PATFR, which is slightly affected 
by the changes in fertility timing. However, in comparison with the commonly used 
TFR, the PAP consistently indicates higher levels of period fertility quantum in Austria 
during the entire period since 1984. It suggests that the period total fertility rates in 
Austria in 1984-2004 had been on average ‘deflated’ by 0.19 by the ongoing trend 
towards later timing of childbearing. Its mean level in 1985-2001 (1.62) was slightly 
above our estimates of the annual mean values of the Kohler-Ortega adjusted PATFR 
index (1.57). Our analysis indicates that if the PAP were entirely free of tempo effects, 
its level would probably be close to 1.70 (see Appendix 7). Even this estimate implies 
that by using the PAP at least two thirds of the tempo effects present in the TFR can be 
eliminated. Thus, the PAP provides a considerably better estimate of the period fertility 
quantum than the existing conventional indicators. The future ending up of fertility 
postponement is likely to be associated with a modest increase in the period TFR. The 
use of the PAP index will help to distinguish between the ‘genuine’ increase in period 
fertility and the increase related to the ending of the tempo distortions in the period TFR. 
Our favourable assessment on the PAP index hinges upon the validity of its underlying 
assumption concerning the relative stability of the mean birth intervals in the duration-
based parity progression ratios. This assumption was supported in the case of Austrian 
data, but might be violated in other cases. Certainly, the PAP should also be evaluated 
with data for other countries and regions. The theoretical and methodological discussion 
regarding the interpretation of different period fertility indicators as well as the issue of 
timing effects is still in full swing. From this perspective, the analysis presented in this 
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paper may stimulate further debates as it contributes to this discussion and to the 
methodological advancement in fertility research. 

 
Finally, we would like to point out that although we were able to document 

considerable changes and fluctuations in period fertility since the mid-1980s, the long-
term fertility trends in Austria has remained remarkably stable when compared with 
most other European countries. Despite this stability, the analysis of monthly time series 
of period fertility brings important insights that can be useful in evaluating recent trends 
as well as possible effects of particular policy measures. The recent increase in period 
fertility, which has been more pronounced among mothers with two or more children, 
suggests the possibility that it was partly related to the extension of the period of paid 
parental leave (“Kindergeld”) and the broader eligibility for mothers and fathers to 
receive the leave, proposed by the government in April 2001 and in effect since January 
2002. (Gisser and Fliegenschnee 2004) Whether the recent stabilisation and subsequent 
increase in fertility at third and higher birth orders marks a trend reversal or rather 
constitutes a short-time fluctuation remains unknown. However, our study of monthly 
fertility in Austria has a practical outcome that makes it possible to keep our eye on 
these recent trends: In collaboration with Statistics Austria, which will regularly supply 
us with the most recent data on births, we will establish a continually updated 
monitoring system and regularly publish the most recent indicators of monthly period 
fertility. 
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APPENDIX 1 

Complementary figures and tables 
 
Figure A-1.1 
Weekday coefficients of the number of live births by parity in 2003. 
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Figure A-1.2  
Weekday coefficients of the number of live births; 1984-2003 
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Figure A-1.3 
Mean age at childbearing by birth order in 1984-2004 
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Figure A-1.4 
Mean birth intervals, 1984-1994 (3-month moving averages) 
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Figure A-1.5 
Mean quarterly values of crude (unadjusted) TFR, 1984-2004 
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APPENDIX 2: 
Decomposition of the calendar adjustment factor 
 

The denominator of the calendar adjustment factor is given by the sum of the products of 
the weekday coefficients and the number of Mondays, Tuesdays, …, and Sundays in month m 
in year t. As mentioned earlier, this sum can be decomposed into an effect, which can be 
directly linked to the length of the month and a net effect for each day of the week (Ladiray and 
Quenneville 2001). Let a  denote the arithmetic mean of the weekday coefficients, i.e., 
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Since every month contains four complete weeks, we define 
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where the middle expression in the second line of Equation (A2.5) equals zero by definition, 
which implies that the net effect of the four complete weeks cancels out. Hence, the first 
expression in the last line of Equation (A5.5) adjusts for the length of the month, while the 
second expression corrects for the type of the additional days. 
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APPENDIX 3: 
Specification of the estimates of age structure and ‘at risk’ population 
 

A-3.1  Mid-month female population by single years of age (birth cohort) 
 

Purpose: Serves as a basis for computing age- and order-specific incidence rates by age 
of mother and birth order in each calendar month; women aged 12 to 50 (age reached during the 
year) are considered.  

 
Estimation procedure: 
First, linear approximation is used to estimate the age structure of the female population 

on the 1st day of each month between 1st January of the years t and t+1. The number of days in 
any given month or period served for estimating the total share of this period on the change in 
the number of women by age. The number of women belonging to the birth cohort C (or, 
alternatively, aged a=t-C) at the beginning of a month m (expressed as M) in a year t was 
calculated as follows: 

 
PF(C,t,M) = PF(C,t,1) + [PF(C,t+1,1) - PF(C,t,1)] · Sd (t, m-1) ,   (A3.1) 

 
where Sd (t, m-1) is the share of the cumulated number of days in months 1 to m-1 on the total 
number of days in the year t. The mid-month female population by single years of age, denoted 
as PF(C,t,m) was then computed from the population at the beginning of two consecutive 
months (denoted as M and M+1): 

 
PF(C,t,m) = [PF(C,t,M) + PF(C,t,M+1)] / 2    (A3.2) 

 
Note: All age-specific calculations are expressed in a cohort format (data sorted by age 

reached during the year). If the official age structure during the year pertains to the actual age 
(age in completed years), the data must be reorganised to estimate the age distribution by birth 
cohort. 

  
 
A-3.2  Mid-month female population by single months of age (birth month 

cohort) 
 
Note: These data are used to a limited extent only since our computations of the total 

fertility rates show that using the more detailed month birth cohort indicators does not make any 
appreciable change in the indicators of fertility quantum and timing (see Appendix 5). 

 
Specification: Number of women by single months of birth specified for the middle of 

each calendar month in the period of January 1984 to December 2003 
 
Purpose: Serves as a basis for computing age- and order-specific incidence rates by birth 

month-cohort of mother and birth order in each calendar month 
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Additional data sources: Number of births by calendar month in 1950 to 2002: 
EUROSTAT New Cronos database, accessed in December 2004. Number of births by calendar 
month in 1930 to 1949: data from the 1981 Census (OSZ 1989).  

  
Estimation procedure: 
Data on the mid-month population of women by single years of age (birth cohorts), as 

described in above, served for estimating the mid-month number of women for every month-
cohort in reproductive age. For every calendar month considered, the data initially referring to 
the year-birth cohorts (C) born in the year t=C were redistributed into month-birth cohorts (Cm) 
on the basis of the proportion of live births in each single month m on the total number of live 
births during the year t=C: 
 

PF(Cm,t,m) = PF(C,t,M) · [Bm(t=C) / B(t=C)]    (A3.3) 
 
where Bm(t=C)  denotes the total number of live births during the month when the birth cohort 
Cm was born and B(t=C) is the total number of live births during that year. 
To connect these month-cohort data with other indicators specified by birth month or calendar 
month, all data are subsequently expressed in century-month codes, which are calculated for any 
month since January 1900 as follows: 
 

                    CMC = (t – 1900) · 12 + m    (A3.4) 
 

The CMCs permit an easy computation of age-specific indicators, such as age of mother 
at childbearing etc. 

 
 

A-3.3  Monthly age-parity structure of the female population by single years 
of age (birth cohort) 

 
Purpose: Serves for computing age-parity birth probabilities (exposure-specific 

indicators) used in the computation of the PATFR index and the Kohler-Ortega adjPATFR 
indicator. 

 
Specification: Estimated for the beginning (1st day) of each calendar month. Computed 

by combining monthly data on the total number of women by single years of age (birth cohorts) 
as specified in Eq. A3.1 above and continually updated monthly series of the age-parity 
distribution of the female population (specified by birth cohort). Except for the birth cohorts 
1982-89, the latter is based on the 1991 Census data combined with the age and order-specific 
incidence rates in the subsequent period. For the more recent time series starting from January 
2001 we updated our estimates with the 2001 Census results. The relative age-parity distribution 
among women born in 1982-89 was reconstructed on the basis of cumulative age and order-
specific incidence rates calculated from the vital statistics data. 

 
The relative age-parity composition of the female population at the beginning of a month 

m (expressed as M) in a year t is derived from the age-parity composition at the beginning of 
month m-1 (i.e., at time M-1) and order-specific incidence rates in month m-1. This estimation is 
performed for every single birth cohort and for each parity status (denoted as i) as follows:  
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wi(C,t,M) = wi(C,t, M-1) + fi(C,t, m-1) -  fi+1(C,t, m-1),   (A3.5) 

 
where wi(C,t,M) denotes the proportion of women at parity i at the beginning of a month m 
among each birth cohort C and  fi (C,t, m) represents cohort-specific incidence rates of order i, 
recorded during the month m. Parities 0, 1, 2, 3, and 4+ are distinguished. Note that for parity 0 
(childless women), the equation simplifies to: 

 
w0(C,t,M) = w0(C,t, M-1) - f1(C,t, m-1)     (A3.6) 

 
The relative proportion of women in the highest-parity category (4+) is computed as 

follows: 
 

w4+(C,t,M) = 1 - w0(C,t,M) – w1(C,t,M) -  w2 (C,t,M) – w3(C,t,M)  (A3.7) 
 
For any age and parity category, the number of women at the beginning of each calendar 

month m is calculated by combining Eq. (A3.1) above with the Eq. (A3.5) (or A3.6 and A3.7, 
respectively): 

 
PF, i(C,t,M) = PF (C,t,M) · wi(C,t,M)     (A3.8) 

 
Appendix 6 features the table of age and parity composition of the female population as 

estimated for December 1, 2004 (Table A-6.1) and sensitivity analysis exploring the effect of 
differences between the two estimates of the age and parity composition of the female 
population (one based on the 1991 Census data and the other on the 2001 Census results) on the 
PATFR index. 

 
 

A-3.4 Number of live births by biological (true) birth order in 1961-1992 
 

Purpose: Serves for the computation of duration-specific ‘incidence rates,’ and the 
period parity progression ratios (PPRd). 

 
Source data & estimations: Number of live births by birth order in 1984-2003 derived 

from the individual birth records provided by Statistics Austria. Since Statistics Austria collects 
data on ‘true’ birth order only since 1984, the number of live births by birth order had to be 
estimated for the previous years, namely for 1961-1983. Composition of live births by birth 
order in 1961-1979 was derived from the retrospective data on the distribution of births by birth 
order as recorded in the 1981 Census combined with the total registered number of live births in 
that period (OSZ 1989). Number of live births by birth order in 1980-1983 was estimated from 
the total number of births and the relative distribution of order-specific births in 1978-1979 and 
1984-1985. 
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APPENDIX 4: 
Specification of fertility indicators analysed in this study (including 
calendar and seasonality-trend adjustments) 
 

A-4.1  Age- and order-specific incidence rates and the period TFR 
 

All indicators were computed for birth orders 1, 2, 3, 4, 5+, and for all birth orders 
combined. For each birth cohort (C) and birth order (i), monthly incidence rates are calculated 
as follows: 

 
fi(C,t,m) = Bi(C,t,m) / PF(C,t,m),     (A4.1) 

 
where Bi(C,t,m) is a total number of live births of order i in a month m among women born in 
the year C. In our computations, birth orders 1, 2, 3, 4, and 5+ were considered separately. 

 
We considered only cohorts reaching ages 12 to 50 in a given calendar year. In case of 

recorded births to women below age 12 or above age 50, they were grouped together with the 
births to women aged 12 and 50, respectively. 

 
The crude (unadjusted) monthly period total fertility rate (denoted as gTFR), specified by 

birth order, is computed as a sum of age- and order-specific incidence rates, multiplied by 12: 
 

gTFRi(t,m) =  f∑
=

50

12a
 i(a,t,m) · 12  and   gTFR(t,m) = gTFR∑

+

=

5

1i
 i(t,m),  (A4.2) 

 
where a is cohort age (age reached during the calendar year), which is simply calculated as a = t 
– C (recall that C denotes birth cohort, i.e., the year of birth of the mother). 

 
Calendar adjustment is identical for all birth orders and can be used to adjust the overall 

gross total fertility rate: 
 

TFRC(t,m) = gTFR(t,m) · IC (t,m),     (A4.3) 
 

where IC  denotes the monthly index allowing an adjustment for calendar factor. 
 
Seasonality/trend adjustment is order-specific. For any calendar-adjusted TFR, the 

trend-season adjustment is computed as follows: 
 

TFRCS,i(t,m) = TFRC,i(t,m) · IS,i (t,m),    (A4.4) 
 

where IS  denotes the monthly index allowing an adjustment for seasonality and trend 
fluctuations, net of calendar factor. 

 
Note: All computations are presented here for the yearly birth cohorts, which was our 

usual data format. When we used data specified by month cohorts, all cohort-specific 
calculations (here denoted as C) were based on month birth cohorts (denoted as Cm). The age 

 35



categories a were expressed in months, ranging from “ages” 132 (age 11.0 in completed years) 
to 612 months (age 51.0 in completed years). 

 
 
A-4.2  Age-parity birth probabilities and the period fertility index PATFR 

 
Note: These indicators are mostly used for parity 1, especially in combination with the 

parity-progression ratios specified below. As a result, all specifications here are illustrated for 
birth order 1. 

 
The gross probability for a childless woman belonging to a birth cohort C to give birth to 

a first child during a month m is computed as follows: 
 
     q1(C,t,m) = B1(C,t,m) / PF,0(C,t,M) = B1(C,t,m) / [PF (C,t,M) · w0(C,t,M)], (A4.5) 
 

where PF,0(C,t,M) denotes the total number of childless women among the birth cohort C at the 
beginning of a month m (see Eq. A3.6 and A3.8 in Appendix 3). 

 
Similarly to the incidence rates calculations, only birth cohorts reaching ages 12 to 50 in a 

given calendar year were considered. Births recorded among women below age 12 or above age 
50 were coded as births to women aged 12 and 50, respectively. 

 
Calendar and seasonality/trend adjustment is performed for each age separately. The 

calendar and season-adjusted first birth probability for a woman born in the year C is computed 
as 

 
qCS,1(C,t,m) = q1(C,t,m) · IC (t,m) · IS,1 (t,m)     (A4.6) 

 
The calendar and season-adjusted total fertility index of parity 1 (PATFRCS,1) is 

computed as follows: 
 

 PATFRCS,1(t,m) = 1 – ∏ [1- q
=

50

12a
CS,1(a,t,m)] · 12    (A4.7) 

Recall that a is the age reached during the calendar year, which is calculated as a = t – C  
 
Note: More details on the age-parity model can be consulted in Rallu and Toulemon 

(1994; the original was published in French in 1993). We follow Rallu and Toulemon’s notation 
of the total parity-specific index as PATFR. 

 
 

A-4.3 Parity-progression ratios PPRd based on duration (birth interval data) 
 

For birth orders 2 and higher, duration-specific gross ‘incidence rates’ of having a child 
of order i among women who had their (i-1)th child in a year y is computed as follows: 

 
ni,d(t,m) = Bi,d(t,m) / Bi-1(y) ; i ≥ 2 ; t ≥ d,    (A4.8) 
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where d indicates ‘duration,’ which is in this case simplified as a difference between the years 
when births of order i-1 (year y) and i (year t) took place: d = t – y. 

 
Thus, ni,d(t,m) expresses the (incidence) rate of having an i-th child during a month m in a 

year t among women who have given birth to their i-1th child in a year y and Bi,d(t,m) is the total 
number of live-born children of order i during a month m in a year t among these women. Bi-1(y) 
is the total number of live-born children of order i-1 reached in a year y. 

 
The ‘duration’ indicator d ranged from 0 to 25; i.e. the earliest year of giving birth to a 

previous child (birth order i-1) that was considered in my analysis was y(min) = t-25. In case 
some women had given birth to their previous child even earlier, they were considered as giving 
birth in a year y(min). 

 
Note: Although the birth order i refers to live-born children only, the coding of the date 

of the previous birth in the official vital statistics pertains to any previous birth, including 
stillbirths. Thus, the birth interval between two consecutive live births is slightly underestimated 
insofar as a small fraction of the registered birth intervals refers to the interval between the most 
recent live birth of order i and the preceding stillbirth, while the preceding live birth of order i-1 
had taken place at an unknown date before this stillbirth. Since the proportion of stillbirths in 
Austria is very small (0.39% of all births in 1984-2002; Statistics Austria 2003), however, the 
influence of stillbirths on computing fertility rates by duration can be disregarded. 

 
Gross parity-progression ratios (gPPRs) were estimated for women at parities 1, 2, 3, 4, 

and the open-ended parity category 5+: 
 

gPPRi-1,i(t,m)= n∑
=

25

0d
 i,d(t,m) · 12 ; i ≥ 2    (A4.9) 

The highest birth order considered constitutes an open-ended parity progression to 6th+ 
child among women having 5+ children.   

 
The gross parity-progression ratios are then adjusted for calendar factor and seasonality in 

a similar way as the gross TFR (see Equations A4.3 and A4.4 above): 
 

PPRCS,i-1,i(t,m)  = gPPRi-1,i  (t,m) · IC (t,m) · IS,i (t,m)             (A4.10)
  

 
A-4.4 The period average parity (PAP)  

 
The period average parity, adjusted for calendar and seasonality factors (PAPCS) is 

calculated for each parity category j by combining the adjusted PATFR index for parity 1 with 
the adjusted parity progression ratios for parities 2 to 6+:  

 

   PAPCS,j(t,m) = PATFRCS,1(t,m) ∏PPR
=

j

i 2
CS,i-1,i(t,m)                 (A4.11) 

For example, the PAP index for parity 4 is derived as follows: 
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       PAPCS,4(t,m) = PATFRCS,1(t,m)⋅ PPRCS,1,2 (t,m)⋅  PPRCS,2,3 (t,m) ⋅ PPRCS,3,4 (t,m)         (A4.12) 
 
The highest parity-progression category (5+ to 6+) was assumed to reflect the progression 

from 5th to 6th childbirth instead. 
 
The progression from the sixth to higher parities was disregarded. Given the very small 

values of estimated PAP index for birth order 6 (the mean value was 0.005 for the whole 1984-
2003 period), this procedure involves a systematic underestimation of the total TFRI index by 
about 0.002 in absolute terms (i.e., about 0.1% in relative terms).   

 
The overall index of total fertility was calculated as follows: 

 

            PAPCS(t,m) = PATFRCS,1(t,m) + PAP∑
=

6

2j
 CS,j(t,m)                        (A4.13) 

 
 

A-4.5  Bongaarts and Feeney’s (1988) tempo-adjusted TFR (adjTFR) 
 

The adjusted total fertility rate proposed by Bongaarts and Feeney (further denoted as 
adjTFR) is calculated as follows: 

 
       adjTFRi(t) = TFRi(t) / (1-ri(t))                     (A4.14)

          
where ri(t) is the change in the mean age at childbearing at birth order i between the beginning 
and the end of year t. Our initial computations show that a similar approach cannot be used to 
calculate the change in the mean age between two consecutive months, as the mean age shows 
strong irregularities on a monthly basis. To solve this problem, we utilised the change in the 
mean age at childbearing in a month m against the same month a year ago—a solution which 
comes closer to the mean age measurement in the original formula: 

            
 adjTFRi(t,m) = TFRi(t,m) / (1-ri(t,m)),                (A4.15)
                        

where m denotes a particular month in the year t and ri(t,m) is the change in the mean age at 
childbearing of birth order i between the month m in the year t-1 and the month m in the year t. 
In agreement with the Bongaarts-Feeney method, we calculate the mean age at childbearing 
from the set of age and order-specific fertility rates fi(a) calculated for every month m 
considered. As the results depicted in Section 5.2 indicate, even this solution did not provide 
reasonably stable estimates of the adjusted TFR and the level of irregularities and erratic values 
remained unacceptable. 

 
The overall adjusted TFR is computed as a sum of order-specific adjusted TFRs; birth 

orders 1, 2, and 3+ were distinguished. The calendar and season-trend adjustment is applied in 
the same way as in the case of the total fertility rates (see Equations A4.3 and A4.4 above).    
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A-4.6  Kohler and Ortega’s adjusted PATFR (adjPATFR) 
 

Given that we use the Kohler-Ortega adjusted fertility index, the adjPATFR, only in the 
comparative section evaluating the aggregated annual results, and given that this method is 
relatively complex, a complete overview of all the equations would be beyond the scope of this 
report. Rather, we provide only a very brief characterisation of this method; a full description 
can be consulted in Kohler and Ortega (2002). 

 
This method permits an estimation of period fertility measures that are free of the three 

distortions present in the TFR, namely distortions caused by (1) changes in the parity 
distribution of women, (2) changes in fertility timing and (3) changes in the variance of the 
fertility schedule. The authors employ a procedure that iteratively corrects the observed mean 
age and the inferred tempo for distortions caused by the variance effects (see also Kohler and 
Philipov 2001). For each parity and single age group, the Kohler-Ortega adjustment allows to 
derive the adjusted age-parity birth probability q’i(a) = qi(a) / (1-ri(a,t)), where qi(a) is the 
observed probability that a woman aged a, who has i-1 children  at the beginning of the year t 
will give birth to another child during that year. The adjusted parity-specific tempo change 
ri(a,t) is computed following Kohler and Philipov (2001: 8, Eq. 11): ri(a) =  γi + δi (a –āi), 
where γi is the annual change in the mean age of the fertility schedule (here represented by birth 
probabilities) at parity i, δ is the annual increase in the standard deviation of the schedule, and ā 
is the mean age of the schedule.  

 
Besides its advantages, the Kohler-Ortega adjustment also has a number of problematic 

features which are especially hard to deal with in the analysis of monthly time series: 
� The authors apply a state-space smoothing procedure to the observed series of the mean 

age and variance changes (Kohler and Ortega 2002: 127). Although the smoothing 
reduces instability in the adjusted fertility indicators, part of the variability in fertility 
trends—a phenomenon we aim to explore—might be lost as a result. 

� The derivation of the adjusted fertility indicators in the period t is contingent upon the 
observed fertility indicators in the periods t-1 and t+1. As a result, it is impossible 
within the original framework to derive the adjusted fertility indexes for the most recent 
period. Furthermore, the estimates of the most recent adjusted results are relatively 
unstable and subject to revisions as fertility data for the subsequent periods are later 
incorporated.  

� To reduce the instability in the adjusted indicators, a limited age range including only 
the prime reproductive period may be considered for a computation of adjusted rates at 
each parity (see also Kohler and Ortega 2002: 127). Consequently, the results are not 
influenced by outlying and unusual cases, which are quite common in the detailed age-
parity data14. However, there is no clear criterion which age range should be included 
and our preliminary computations have shown that different age range selections affect 
the final results. 

                                                 
14 Consider an extreme case of a woman giving birth to a third child at age 16. Given that the population 
of women with two children (population ‘at risk’) is extremely small at that age (for most of the year 
2004, there was just one such case), an occurrence of a third birth might increase the estimated probability 
of having a third child for a woman aged 16 and having two children from 0.0 to 1.0. This result, if 
included, would affect all the adjustment computations.    
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� The Kohler-Ortega adjustment leads to considerable fluctuations at higher birth orders 
and may cause an underestimation of higher-order fertility rates (Sobotka 2004a). 

 
Facing these difficulties, we decided after preliminary analysis not to include the Kohler-

Ortega’s method to our study of monthly fertility rates. Instead, we used it only for the 
evaluation of tempo distortions performed on an annual basis (see Appendix 7) and we restrict 
its use for birth orders 1 and 2. Our adjustment differs somewhat from the original Kohler and 
Ortega (KO) application. First, we work with age-parity birth probabilities as contrasted with 
the occurrence-exposure rates (birth intensities) utilised by KO. Although the difference in 
results is small, birth probabilities are in our view methodologically better compatible with the 
life table framework. Second, we did not smooth the observed set of age-parity probabilities 
before the adjustment nor did we apply an iterative procedure aiming to provide a correction for 
variance effects. In order to reduce irregularities in the adjusted fertility index, we restricted the 
age range of birth probabilities to be used for inferring all the parameters necessary for the 
adjustment to ages 20 to 40 for birth order 1 and 22 to 40 for birth order 2. Although we 
computed the adjusted PATFR for the higher birth orders as well, we do not utilise these results 
in this study. 
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APPENDIX 5: 
Comparing indicators derived from month-cohort and year-cohort 
data (sensitivity analysis) 
 

In order to provide as precise estimates of fertility rates as possible, we computed the 
monthly series of order-specific incidence rates, total fertility rates, as well as the mean ages at 
childbearing from the data specified by month of birth of women as well as in the usual year-
birth cohort format. 

 
Figure A5-1 below shows that the resulting age and order-specific incidence rates become 

extremely erratic in the case of month-cohort data due to the small number of births in each  
 

Figure A5-1 
Age- and order-specific incidence rates in December 2003 based on year cohort and month 
cohort data 
 

0,00

0,02

0,04

0,06

0,08

0,10

0,12

1991 1987 1983 1979 1975 1971 1967 1963 1959 1955

Birth cohort

In
ci

de
nc

e 
ra

te
s

BO1 BO2

BO3 BO4

BO5+ TOTAL

Year cohort data,
December 2003

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0,000

0,002

0,004

0,006

0,008

0,010

0,012

D
-5

2

D
-5

6

D
-6

0

D
-6

4

D
-6

8

D
-7

2

D
-7

6

D
-8

0

D
-8

4

D
-8

8

Birth month cohort

In
ci

de
nc

e 
ra

te
s

BO1

BO2

BO3

BO4

BO5+

TOTAL

Month cohort data,
December 2003

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes: All incidence rates were multiplied by 12 to correspond with the usual annual data format. D 
denotes December. 

 41



monthly birth cohort. For higher birth orders, a typical number of births in most monthly age 
categories dropped to 0. By contrast, the incidence rates computed for women by single years of 
age (year cohorts) show considerably smoother trends. 
 

However, when aggregating the incidence rates to obtain order-specific total fertility rates, 
the differences between these two approaches disappear. This is illustrated in Table A5-1, which 
presents gross monthly total fertility rates by birth order in January to June 1984. The estimates 
based on year-cohort data and month-cohort data are virtually identical and do not justify the 
use of detailed month-cohort computations.  

 
The differences are also very small in the case of the estimated mean ages at childbearing, 

presented in Table A5-2. Since these indicators are used for calculating the Bongaarts-Feeney 
tempo-adjusted TFRs that are very sensitive the estimated changes in order-specific mean age at 
childbearing, the use of the month-birth cohort indicators might be more justified here. However, 
as we demonstrate in Appendix 6, month-cohort data do not provide estimates of the mean age 
at childbearing that would appreciably reduce the wide irregularities in the tempo adjusted TFR. 
 
Table A5-1 
Crude (unadjusted) monthly estimates of total fertility rates based on year-birth cohort and 
month-birth cohort data of the female population (January to June 1984) 

 gTFR 1 gTFR 2 gTFR 3+ Total gTFR 
 Year_BC Month_BC Year_BC Month_BC Year_BC Month_BC Year_BC Month_BC 

January 1984 0.660 0.660 0.514 0.513 0.222 0.221 1.532 1.532 
February 1984 0.678 0.677 0.493 0.494 0.206 0.206 1.504 1.504 
March 1984 0.692 0.692 0.529 0.528 0.215 0.215 1.561 1.561 
April 1984 0.650 0.651 0.506 0.506 0.195 0.196 1.467 1.468 
May 1984 0.709 0.708 0.510 0.510 0.213 0.213 1.557 1.555 
June 1984 0.673 0.673 0.529 0.529 0.208 0.207 1.534 1.533 
 
Table A5-2 
Mean age at childbearing by birth order, based on year-birth cohort and month-birth cohort data 
of the female population (January to June 1984) 

 MAB1 MAB2 MAB3+ Total MAB 
 Year_BC Month_BC Year_BC Month_BC Year_BC Month_BC Year_BC Month_BC 

January 1984 23.95 23.97 26.81 26.82 29.86 29.88 26.60 26.62 
February 1984 24.16 24.19 26.82 26.84 29.86 29.88 26.56 26.58 
March 1984 24.01 24.02 26.79 26.81 29.79 29.80 26.51 26.53 
April 1984 24.12 24.13 26.86 26.88 29.76 29.78 26.53 26.55 
May 1984 24.13 24.16 26.97 27.00 29.97 29.98 26.59 26.62 
June 1984 23.97 23.98 26.86 26.88 29.58 29.61 26.48 26.49 
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APPENDIX 6: 
Estimating age and parity composition of the female population.  
Sensitivity analysis of the estimated age-parity composition on the 
computed PATFR index 
 

In order to compute age-parity birth probabilities, we had to reconstruct the age and parity 
structure of the female population in reproductive age (age 12 to 50 was considered) for each 
calendar month since January 1984. Two possible approaches to derive the relative distribution 
for each birth cohort—(1) using the Census data on the age-parity distribution among women 
and (2) cumulating time series of age and order-specific incidence rates that cover the whole 
reproductive history of the birth cohorts under study—usually yield slightly different results. 
The second approach disregards possible effects of migration on the parity composition among 
women. However, the continuous recording of the age- and parity composition always has to 
rely on the time series of incidence rates. The question is whether this database should be 
occasionally updated with the latest census data, whether such updating makes a significant 
difference for the age-parity composition records, and whether this difference is in turn 
translated into different values of the PATFR index. 

 
We deal with this topic in the first section (A6-1); the consequent section features the 

most recent estimate of the age and parity composition among women born between 1954 and 
1990 as of December 1, 2004.  
  

A-6.1 Comparing the estimates of the age-parity composition of the female 
population based on the 1991 and 2001 Census data 
 

We compared two different estimates of the age-parity composition among women born 
between 1950 and 1985 computed for the date of the 2001 Census (May 15). The first estimate, 
denoted as “Estimate 1,” is based on the 1991 Census results and the subsequent time series of 
age (cohort) and order-specific incidence rates computed up until May 15, 2001. The second 
estimate, “Estimate 2,” is based on the age-parity composition as reported in the 2001 Census. 
We also compared these data with the third estimate, derived for women born since 1970 solely 
from on the cumulated series of age and order-specific incidence rates. We do not present these 
results here. 

 
Overall, the differences between the two estimates were not wide. The 2001 census 

results indicated a lower proportion of childless women and a higher proportion of women 
having one, two, three and four or more children. These differences implied that Estimate 2 
indicates slightly higher levels of actual cohort fertility than Estimate 1 based on the 1991 
Census data. In absolute terms, the largest differences were recorded for the proportion of 
childless women—the 2001 Census (Estimate 2) recorded childlessness by 0.9-1.8% lower 
among women born in 1962-1979 than the Estimate 1 data (see Figure A6-1). These women 
were distributed across all parity distributions. For instance, among women born in 1968, where 
the difference in the estimated proportion childless has been largest (-1.8% in the Estimate 2), 
the proportion of women with one child in Estimate 2 was by 0.7% higher, with 2 children by 
0.9% higher, and with 3 children by 0.1% higher than in Estimate 1 (Figure A6-1). The relative 
differences were most pronounced among younger birth cohorts (especially for parity 1), and, in 
the case of parity 4+, also among the ‘older’ women of reproductive age born between 1952 and 
1964 (relative difference up to 5%). Combined together, these parity differences resulted in 
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higher actual cohort fertility rates in Estimate 2, with the highest absolute differences (0.021 to 
0.038) among women born before 1969. Keeping aside the possibility of incomplete or incorrect 
reporting in the 2001 Census, these differences are most likely attributable to higher fertility  

 
Figure A6-1 
A comparison of the two estimates of the proportion of women by age and parity on May 15, 
2001  
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among immigrant women prior to their arrival to Austria when compared with the same 
generations of Austrian-born women.   

The differences in the estimated age-parity composition affected the results of the PATFR 
only to a very little extent, and more its parity-specific components than the overall index for all 
parities. As a result of the lower numbers of childless women in Estimate 2, the PATFR for first 
birth order increased slightly, while the PATFR for the third and higher orders declined. These 
changes are very small, however. For instance for January 2002, the PATFR of parity 1 using 
the age-parity structure of the Estimate 2 was 0.749 as compared with the value of 0.734 
produced by the data of the Estimate 1 structure and the PATFR for all parities was 1.390 
(Estimate 2) and 1.383 (Estimate 1), respectively. Figure A6-2 plots the differences in the 
overall PATFR index in 2001-2003. We see these small differences as a sign of the general 
stability and low sensitivity of the PATFR indicators to the precision of the age-parity 
composition estimates. At the same time, we prefer to update the age-parity composition data 
whenever the detailed and reliable information on the actual parity composition will be 
available, thus keeping track of possible parity changes related to migration.  
 
Figure A6-2   
A comparison of two estimates of the PATFR index (all parities and parity 1) in 2001-2003 
 
 
 
 
 
 
 
 
 
 
 
 

1,30

1,32

1,34

1,36

1,38

1,40

1,42

1,44

1,46

1,48

1,50

Jä
n.

99

Ju
l.9

9

Jä
n.

00

Ju
l.0

0

Jä
n.

01

Ju
l.0

1

Jä
n.

02

Ju
l.0

2

Jä
n.

03

Ju
l.0

3

PA
TF

R
 in

de
x

PATFR (Estimate 1)

PATFR (Estimate 2)

0,70

0,72

0,74

0,76

0,78

0,80
Jä

n.
99

Ju
l.9

9

Jä
n.

00

Ju
l.0

0

Jä
n.

01

Ju
l.0

1

Jä
n.

02

Ju
l.0

2

Jä
n.

03

Ju
l.0

3

PA
TF

R
 o

f p
ar

ity
 1 Estimate 2

Etimate1

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 45



Table A6-1  
Estimated age and parity composition of the female population as of December 1, 2004 
 

Relative parity composition 
(number of children) 

Absolute parity composition 
(number of children) 

Birth 
cohort 

0 1 2 3 4+ 0 1 2 3 4+ 

1990 1,000 0,000 0,000 0,000 0,000 47586 5 0 0 0 
1989 0,999 0,001 0,000 0,000 0,000 47698 36 1 0 1 
1988 0,996 0,004 0,000 0,000 0,000 47007 167 1 0 0 
1987 0,989 0,010 0,000 0,000 0,000 46217 470 22 3 0 
1986 0,977 0,021 0,001 0,000 0,000 46512 1004 70 1 0 
1985 0,957 0,039 0,004 0,000 0,000 46194 1907 186 6 0 
1984 0,929 0,062 0,008 0,001 0,000 46147 3084 396 30 2 
1983 0,905 0,078 0,015 0,002 0,000 46043 3963 772 79 5 
1982 0,849 0,121 0,027 0,003 0,000 44819 6399 1413 154 15 
1981 0,808 0,142 0,044 0,005 0,001 43070 7581 2342 281 30 
1980 0,754 0,171 0,064 0,009 0,001 38932 8820 3325 483 73 
1979 0,698 0,192 0,093 0,015 0,002 34842 9561 4639 758 111 
1978 0,641 0,213 0,120 0,022 0,004 31429 10463 5869 1072 215 
1977 0,585 0,229 0,150 0,029 0,007 29064 11383 7450 1435 354 
1976 0,529 0,245 0,176 0,041 0,009 26850 12405 8930 2073 450 
1975 0,465 0,257 0,215 0,051 0,013 24918 13739 11489 2741 674 
1974 0,413 0,257 0,252 0,062 0,016 22787 14160 13925 3422 897 
1973 0,365 0,259 0,281 0,076 0,019 20601 14631 15888 4273 1081 
1972 0,328 0,259 0,303 0,085 0,024 19508 15405 17991 5050 1444 
1971 0,291 0,259 0,331 0,093 0,026 18077 16073 20596 5751 1640 
1970 0,265 0,255 0,347 0,102 0,029 16974 16324 22217 6555 1880 
1969 0,239 0,256 0,363 0,109 0,033 16136 17322 24508 7347 2226 
1968 0,225 0,248 0,371 0,117 0,039 15603 17232 25731 8152 2678 
1967 0,205 0,247 0,384 0,124 0,041 14131 17034 26562 8554 2807 
1966 0,194 0,236 0,386 0,140 0,045 13466 16433 26841 9705 3095 
1965 0,181 0,240 0,382 0,144 0,052 12737 16870 26892 10143 3664 
1964 0,179 0,236 0,389 0,144 0,053 12709 16749 27656 10241 3757 
1963 0,173 0,236 0,388 0,147 0,057 12309 16847 27664 10484 4030 
1962 0,166 0,236 0,387 0,151 0,060 11514 16325 26811 10465 4120 
1961 0,163 0,233 0,388 0,153 0,063 10857 15502 25854 10168 4173 
1960 0,163 0,231 0,379 0,158 0,069 10731 15214 24932 10391 4533 
1959 0,161 0,232 0,380 0,157 0,070 10237 14789 24202 9998 4430 
1958 0,159 0,232 0,379 0,161 0,069 9679 14101 23005 9753 4188 
1957 0,156 0,236 0,378 0,159 0,071 9250 13974 22432 9434 4198 
1956 0,153 0,234 0,377 0,160 0,075 8981 13754 22142 9377 4403 
1955 0,150 0,231 0,376 0,164 0,079 8324 12836 20884 9089 4412 
1954 0,145 0,232 0,375 0,168 0,080 7659 12287 19859 8863 4230 
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APPENDIX 7: 
Assessment of tempo effects and period fertility quantum in Austria 
 

This appendix analyses period fertility indicators in an aggregated annual format and 
focuses on the total quantum of fertility and on first births. In addition to fertility indicators 
scrutinised in Section 6 we make use of the Kohler-Ortega adjusted adjPATFR index, which is 
calculated from the time series of annual age-parity birth probabilities for birth orders 1 and 2; 
Tables A-7.3 and A-7.4 below present results for birth orders 2 and 3+. The inclusion of the 
Kohler-Ortega method allows us to compare the results provided by the PAP index with the 
indicator explicitly aimed at correcting the tempo effects. For birth order 1, the adjPATFR 
provides a benchmark to estimate the magnitude of the tempo effects in the (unadjusted) 
PATFR index, which is used in the PAP computations.  

 
Figure A-7.1 and Table A-7.1 below summarise mean annual values of the TFR as 

compared with the PATFR, PAP, and the adjPATFR (Kohler-Ortega method). The table further 
features two estimates of tempo effects, the first based on the difference between the PAP index 
and the TFR, and the second based on the difference between the adjPATFR and the TFR. The 
results presented here point out the persistence and relative stability of timing distortions in the 
period TFR in Austria. For most periods, the Kohler-Ortega adjustment suggests similar extent 
of tempo effects and similar trends as the PAP index; both indicators have shown very close 
values since 1994. Only during the period of elevated fertility in the early 1990s, the KO 
adjPATFR indicated considerably less pronounced tempo effects and lower fertility level than 
the PAP. The ongoing fertility postponement is estimated to have depressed the recorded TFR 
by 0.19 on average when measured by the PAP and 0.14 when measured by Kohler-Ortega 
index. Given that PAP is likely to slightly underestimate the extent of timing distortion, the 
Kohler-Ortega index probably underestimates the size of timing effects even to a larger extent. 
Overall, the mean TFR value in 1984-2004 was 1.43 as contrasted with the PATFR of 1.46 and 
PAP of 1.62. This may appear as a relatively small difference but in the context of low fertility, 
even minor differences in fertility quantum may have strong implications in terms of the 
eventual rates of population decline and the pace of population ageing.  

 
Figure A-7.2 and Table A-7.2 below show the results of the mean annual values of the 

TFR, PATFR, the adjPATFR and the estimated tempo effects for first birth order, which 
accounts for almost half of all births (44-48% in 1984-2004) in Austria. The persistent 
difference between the TFR and the PATFR is clearly illustrated, indicating that the TFR has 
been strongly affected by the ongoing fertility postponement (see Section 6.3 above). 
Furthermore, the Kohler-Ortega adjusted PATFR index consistently indicates somewhat higher 
values than the (unadjusted) PATFR. Although this difference cannot serve for a precise 
evaluation of tempo effects on a continuous basis, it gives a rough indication of the overall 
quantum of first birth in 1985-2002. In comparison with the mean TFR values of 0.67 and the 
mean PATFR of 0.77, the Kohler-Ortega adjPATFR reached 0.80.  

 
Although the difference between the PATFR for birth order 1 and its ‘corrected’ version 

is small, it becomes somewhat larger once we combine it with the subsequent parity progression 
ratio and estimate the tempo-adjusted PAP index. Applying the proportionality assumption, we 
arrive at the total fertility quantum in 1985-2003 of 1.71 as compared with the PAP index of 
1.62 and the TFR of 1.43. As a result, the estimated negative influence of timing changes of the 
period TFR was close to 0.3 (0.28). In relative terms, our estimates imply that the period 
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fertility quantum in Austria since the mid-1980 was on average about 22% below replacement 
level (fertility level needed for generational replacement), while the TFR indicated a sub-
replacement fertility of about 31%. We take this evidence as an indication that the eventual 
ending of fertility postponement would provide a considerable scope for a potential TFR 
increase to levels close to 1.7, provided that the ‘underlying level’ of fertility remains stable. 
 
Figure A-7.1  
Mean annual values of the TFR, PATFR, PAP, and the adjPATFR in 1984-2004 
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Figure A-7.2  
Mean annual values of TFR, PATFR, PAP, and the adjPATFR for birth order 1 
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Table A-7.1  
Mean annual values of TFR, PATFR, PAP, and the adjPATFR and the estimated size of tempo 
effects, 1984-2004 

 TFR PATFR PAP KO 
adjPATFR 

Tempo 
effect (1) 

Tempo  
effect (2) 

Year (1) (2) (3) (4) (3)-(1) (4)-(1) 
1984 1,513 1,556 1,669 .. 0,156 .. 
1985 1,479 1,519 1,637 1,627 0,157 0,147 
1986 1,444 1,488 1,608 1,611 0,164 0,168 
1987 1,427 1,482 1,618 1,568 0,191 0,141 
1988 1,443 1,485 1,635 1,530 0,193 0,088 
1989 1,445 1,482 1,659 1,602 0,214 0,156 
1990 1,457 1,486 1,691 1,558 0,235 0,102 
1991 1,509 1,536 1,766 1,558 0,258 0,049 
1992 1,508 1,535 1,773 1,556 0,266 0,048 
1993 1,500 1,516 1,747 1,608 0,247 0,108 
1994 1,465 1,478 1,680 1,678 0,215 0,213 
1995 1,422 1,435 1,607 1,617 0,185 0,195 
1996 1,435 1,451 1,613 1,610 0,178 0,175 
1997 1,392 1,420 1,554 1,522 0,161 0,130 
1998 1,371 1,386 1,511 1,469 0,140 0,098 
1999 1,342 1,368 1,472 1,431 0,130 0,089 
2000 1,364 1,381 1,497 1,521 0,133 0,158 
2001 1,337 1,371 1,494 1,561 0,157 0,225 
2002 1,402 1,425 1,577 1,609 0,175 0,207 
2003 1,383 1,411 1,568 .. 0,185 .. 

2004 (1-11) 1,416 1,441 1,611 .. 0,195 .. 
Mean value 1985-2002 1,430 1,458 1,619 1,569 0,189 0,139 
Mean value 1984-2004 1,431 1,460 1,618 n.a. 0,190 n.a. 
 
Table A-7.2  
Mean annual values of TFR, PATFR, PAP, and the adjPATFR for birth order 1 and the 
estimated size of tempo effects, 1984-2004 

 TFR PATFR KO 
adjPATFR 

Tempo  
effect (1) 

Tempo 
effect (2) 

Year (1) (2) (3) (2)-(1) (3)-(1) 
1984 0,681 0,800 .. 0,119 .. 
1985 0,668 0,795 0,827 0,127 0,159 
1986 0,659 0,784 0,817 0,125 0,157 
1987 0,668 0,788 0,818 0,121 0,150 
1988 0,673 0,786 0,807 0,112 0,133 
1989 0,667 0,778 0,822 0,111 0,156 
1990 0,669 0,776 0,790 0,107 0,121 
1991 0,707 0,786 0,781 0,079 0,075 
1992 0,707 0,782 0,796 0,075 0,089 
1993 0,696 0,772 0,806 0,076 0,109 
1994 0,674 0,762 0,827 0,088 0,153 
1995 0,656 0,753 0,813 0,097 0,158 
1996 0,667 0,759 0,796 0,092 0,129 
1997 0,661 0,752 0,783 0,090 0,121 
1998 0,644 0,739 0,770 0,096 0,127 
1999 0,643 0,736 0,755 0,094 0,112 
2000 0,649 0,735 0,774 0,086 0,125 
2001 0,645 0,746 0,790 0,101 0,145 
2002 0,668 0,759 0,793 0,091 0,125 
2003 0,659 0,753 .. 0,094 .. 

2004 (1-11) 0,678 0,760 .. 0,082 .. 
Mean value 1985-2002 0,668 0,766 0,798 0,098 0,130 
Mean value 1984-2004 0,668 0,767 n.a. 0,098 n.a. 

NOTES: The annual indicators were computed as mean values of monthly calendar and seasonally 
adjusted indicators; therefore, they may not be identical with the officially published annual results.  
The Kohler-Ortega adjPATFR was computed from the annual series of age-parity birth probabilities. 
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Table A7-3 
Mean annual values of TFR, PATFR, PAP, and the adjPATFR for birth order 2 and the 
estimated size of tempo effects, 1984-2004 

Year 
TFR 

PATFR PAP KO 
adjPATFR 

Tempo 
effect (1) 

Tempo 
effect (2) 

 (1) (2) (3) (4) (3)-(1) (4)-(1) 
1984 0,505 0,517 0,561 .. 0,056 .. 
1985 0,494 0,503 0,551 0,550 0,057 0,055 
1986 0,486 0,494 0,542 0,551 0,057 0,066 
1987 0,482 0,494 0,549 0,529 0,067 0,047 
1988 0,485 0,493 0,558 0,510 0,073 0,025 
1989 0,490 0,491 0,566 0,543 0,075 0,053 
1990 0,500 0,496 0,582 0,536 0,082 0,036 
1991 0,509 0,517 0,610 0,532 0,101 0,023 
1992 0,515 0,517 0,616 0,518 0,101 0,003 
1993 0,525 0,512 0,614 0,541 0,089 0,016 
1994 0,517 0,500 0,589 0,578 0,072 0,061 
1995 0,505 0,485 0,562 0,555 0,057 0,050 
1996 0,508 0,492 0,562 0,553 0,054 0,045 
1997 0,483 0,481 0,539 0,526 0,056 0,043 
1998 0,484 0,471 0,530 0,519 0,045 0,035 
1999 0,467 0,465 0,510 0,499 0,042 0,031 
2000 0,480 0,472 0,527 0,531 0,047 0,051 
2001 0,464 0,464 0,519 0,560 0,056 0,096 
2002 0,483 0,483 0,551 0,560 0,067 0,077 
2003 0,481      0,479 0,547 .. 0,066 .. 

2004 (1-11) 0,491 0,491 0,567 .. 0,076 .. 
Mean value 1985-2002 0,493 0,491 0,560 0,538 0,067 0,045
Mean value 1984-2004 0,493 0,491 0,560 n.a. 0,067 n.a. 
 
Table A7-4  
Mean annual values of TFR, PATFR, PAP, and the adjPATFR for birth orders 3 and higher and 
the estimated size of tempo effects, 1984-2004 
 

 
TFR 

PATFR PAP KO 
adjPATFR 

Tempo effect 
(1) 

Year 
(1) (2) (3) (4) (3)-(1) 

1984 0,331 0,240 0,309 -0,023 
1985 0,311 0,221 0,291 0,251 -0,021 
1986 0,299 0,210 0,282 0,244 -0,018 
1987 0,289 0,202 0,280 0,221 -0,009 
1988 0,285 0,206 0,292 0,214 0,008 
1989 0,288 0,213 0,316 0,236 0,028 
1990 0,285 0,214 0,333 0,232 0,048 
1991 0,291 0,233 0,371 0,245 0,080 
1992 0,288 0,236 0,375 0,242 0,088 
1993 0,280 0,232 0,361 0,261 0,080 
1994 0,272 0,216 0,329 0,273 0,057 
1995 0,261 0,196 0,292 0,249 0,031 
1996 0,261 0,200 0,292 0,261 0,031 
1997 0,250 0,187 0,263 0,213 0,014 
1998 0,239 0,175 0,242 0,179 0,003 
1999 0,233 0,168 0,226 0,178 -0,007 
2000 0,232 0,174 0,235 0,216 0,003 
2001 0,228 0,160 0,228 0,211 0,001 
2002 0,246 0,183 0,268 0,255 0,022 
2003 0,244 0,180 0,268 0,024 

2004 (1-11) 0,248 0,190 0,284 0,036 
Mean value 1985-2002 0,269 0,202 0,293 0,232 0,024 
Mean value 1984-2004 0,270 0,202 0,292 0,027 
NOTES: The annual indicators were computed as mean values of monthly calendar and seasonally 
adjusted indicators, therefore, they may not be identical with the officially published annual results.  
The Kohler-Ortega adjPATFR was computed from the annual series of age-parity birth probabilities. 
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