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Abstract

This paper looks at two ways of extrapolating fertility data to better understand current trends.

The first is to extrapolate backwards to deduce biological birth order, where this information was not collected in the past. In Switzerland, birth order by age and within current marriage has been collected routinely, but only in recent years has biological birth order been registered. This paper describes a method of deducing past birth order data by reassigning marital birth orders (plus extra-marital births) to biological birth orders, taking age into account.

The second model is to predict cohort fertility for women who have not yet completed their reproductive life-span. This uses current period data for cohorts which have passed their peak fertility rate for a particular birth order. This extrapolated data can be ‘corrected’ for ongoing postponement, to complete the fertility curve.

A critical assessment of the success of these modelling techniques is made, and the results are judged to be encouraging. However, there are several issues that add uncertainties to the evaluation of both models: item non-response or incorrect response in the census and/or correct reassignment to biological parities for the first model; the question of the likelihood or not of ongoing postponement of births for the second model and changes in different birth order fertility rates; and the confounding of migration for both models.

1. Introduction

The meticulous registration of births and the monitoring of the total population by censuses (and/or registration) in the highly developed countries would suggest that calculating precise fertility measures should be straightforward. 

However, there are several fundamental weaknesses. One is that the standard measure of total fertility rate (TFR) is deflated when childbearing is postponed year-on-year. In order to make accurate adjustments for this effect, these need to be done by birth order: and this is where one of the weaknesses lies. Until recently, biological or ‘true’ birth order was not collected in many countries, only birth order in current marriage. This paper discusses one method of adjusting past data on marital birth order to biological birth order, in the case where both are known for a number of years.

Even when birth order is accurately known, the calculation of cohort fertility – which can be considered the fertility patterns that women really go through in their life - is stymied by the fact that period data for the full reproductive period from age 15-49 is needed. Period rates therefore cannot give an up-to-date or accurate description of the direction in which completed cohort fertility (CCF) is heading. The second model described in this paper is to estimate CCF rates for cohorts who have not yet completed their reproductive careers.

2. Biological birth order modelling

To make an accurate assessment of fertility trends, it is important that births are decomposed by biological birth order (Ni Bhrolchain, 1992; Sobotka, 2004). However, in many countries the true birth order has not been recorded until recently, more commonly only the birth order in current marriage, with extra-marital births being categorised separately. With the significant growth in the number of births outside marriage, plus an increase in complex partnership histories, then the demand from demographers for biological birth order has increased, and more countries are now recording this (Kreyenfeld et al 2011). The time periods for which biological birth order has been recorded is often short, and so trends by birth order are difficult to see as yet. Therefore, it would be desirable to be able to extend the time frame for these trends by using earlier data to deduce biological birth order. Many countries have faced this same challenge of trying to extrapolate true biological parity from data on parity within marriage by using other data sources. For example, in Britain, sample data from the General Household Survey data was used to convert birth registration data into true birth order (Smallwood, 2002). In Germany, Kreyenfeld (2002) has attempted a similar exercise.
2.1. Data sources and deducing biological parity

The primary data source for this study is birth registration data, an annual national data set of number of births to women of each age (‘natürlichen Bevölkerungsbewegung’, BEVNAT). The mid-year population of women by age was also supplied by the Swiss Federal Statistical Office (the ESPOP data base). Both data sets are available as computerised databases dating from 1969. 

Since 2005, the true biological parity of the mother has been accurately recorded for all births in Switzerland, in addition to parity within current marriage. Between 1998 and 2004 biological parity started being recorded, but a significant proportion of births were recorded as unknown biological parity in that time period. Prior to 1998, parity was registered only as birth order in current marriage (‘au sein du lit actuel’), with births outside marriage being classified as parity 0. With the rise in births outside marriage, it became clear that these needed to be correctly classified by biological parity; in addition, because of the increase in complex partnership histories, births within marriages also need to be corrected to reflect true biological parity.

In Switzerland we have the advantage of knowing the true equivalences of biological parity to parity within current marriage or outside marriage for all births for the five years 2005-2009, by age of mother. Appendix 1 gives a sample of this data for 2008. In addition, data for the seven years 1998-2004 give the equivalence for a majority sample of the births which took place in those years, even though the true biological parity for a minority are unknown.

To model the biological parity for pre-1998 data, using all the known equivalencies post-1998, we assumed that the proportion of births outside marriage is age-dependent, ie. 100 percent of births to girls aged less than 16 are first births, and this proportion declines with increasing age of mother. Similarly, where parity in marriage is not equal to biological parity this will also be age-dependent, as women have had more possibility for multiple marriages and births outside marriage as they get older.

The assumptions for processing the1998-2004 data were that if biological parity was recorded it was considered correct; and the distribution of parities which were recorded as unknown follows the same distribution pattern as applied to the pre-1998 data model.
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Figure 1: Proportion of births outside marriage that were biological first births, by age of mother.
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Figure 2: Proportion of births outside marriage that were biological second births, by age of mother.
Using all the valid 1998-2008 data, the mean percentage of each ‘marital’ parity that should be re-attributed to each ‘biological parity’ by age of woman was calculated (see Figure 3). These percentages were then applied to the pre-1998 data to obtain hypothetical biological parity distributions for each age. As an example, for births outside marriage, the proportion which are parity 1 biological births declines with age of mother, from 100% of the under-16s to 57% of 40 year-olds, whilst the proportion of parity 2s rises to 25%, parity 3s to 12%, parity 4s to 4% and parity 5+ to 2%. Similarly, by age 40, only 89% of births classified as first births within the current marriage are true first biological births, while 6% are biological second births, 4% are third births and 1% are fourth births. As the absolute number of births to women over 44 is small then calculating proportions to be re-assigned becomes unstable: this explains why the proportions to be re-attributed to older women is kept at fixed level (see Figure 3).

As stated above, all the valid data from 1998-2008 was used to calculate the percentages attributable to each biological parity, and it was the average of the data from these 11 years that was then applied to data for the years 1969-1997. However, there could well have been a trend over time; in fact Figure 1 shows how the proportion of births outside marriage which were first births for 40 year-old women declined from around 59% to 52% between 1998 and 2008. However, lacking further data from prior to 1998, it would be difficult to try to model this trend with any precision. This may mean that for births outside marriage at older ages, too many have been assigned to parities greater than 1. However, the actual numbers of extra-marital births was much lower in the past, so this should not have too serious an effect on the calculated parities. For births within marriage, too many may have been re-assigned to a higher parity than there actually were. This is discussed in more depth later.
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Attribution of births outside marriage to biological parities
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Attribution of births parity 1 in marriage to correct bio parities
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Attribution of births parity 2 in marriage to correct bio parities
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Attribution of births parity 3 in marriage to correct bio parities
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Figure 3: Reassignment to biological parities

Note: Attribution of birth order 4 was also calculated but is not plotted here.

2.2 Assessment of biological birth order model

To assess the success of the modelling of biological parities, the census data from 2000 was used. This census included the question “Are you the father or mother of one or several children? If so, how many and what years were they born in?” Figure 4 shows the mean fertility and the parity distributions by cohort up to the year 2000 using the BEVNAT data base and the census data. For the curve of mean cohort fertility, the equivalence is, perhaps, remarkable! However, some differences in the distribution in the parity distributions are evident; these are greatest for proportions with no children or with one child; 16% compared to 20% for each for the cohorts born in the 1950s.

There are several possible explanations for these mismatches: changes in the composition of the population in the years up to the census; weaknesses in the census data; errors in modelling of the pre-1998 biological parity distributions; and slight differences in the definition of the resident population for birth registration and census collection. These will now be discussed.
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Figure 4: Comparison of fertility indicators derived from census and birth registration data
2.2.1 Effect of migration

[image: image10.wmf]
Figure 5: Change in population size of cohorts of women. 
Dashed lines are for women born in 1950 and before. Solid lines are for post-1950 cohorts, all of which show a marked increase over time. The lines plot the cohort size from age 15-49
If we look at how the size of each cohort has changed over time (Figure 5), then immigration has clearly swollen the size of some cohorts quite considerably, and this could clearly have a significant impact. For instance, the size of the 1965 cohort of women increased by 24% between the start of their reproductive life in 1980 and the census year 2000. The growth of younger cohorts is continuing strongly up to the present. The 1975 cohort of women increased in size by 39% between the start of their reproductive career (1990) and 2008. This growth in the immigrant population across the European countries has been observed with alarm by some demographers (Coleman 2006), but this paper simply states that it has the potential to complicate the fertility measures derived from different sources.

Looking back at figure 4, we can see that the proportion of childless women was found to be greater in the census than would have been expected from vital statistics. If a resident cohort of women had followed the birth order specific fertility rates through their reproductive life, then there should have been fewer women left childless in 2000 than there actually were found to be. One hypothesis would be that these additional childless women immigrated into the country during that time span. One might, therefore, expect that the rate of childlessness amongst the foreign population to be higher than that of the native Swiss population. 

Although the proportion of foreign population is high at all ages in Switzerland, as there is a low rate of naturalisation – and so foreign nationality does not automatically imply recent immigrant – then one would expect there to be a significant overlap of foreigners and recent immigrants. Figure 6 shows the fertility indicators of Swiss women compared to born-abroad or foreign women. These two concepts are not equivalent (born-abroad and foreign nationality), but they are used in this investigation to see what patterns are apparent. One of the difficulties of true comparisons of immigrant fertility with indigenous fertility is that a rather large proportion of women with foreign nationality were, in fact, born and brought up in Switzerland. In addition, integration clouds the figures; for example, a foreign woman having her 3rd birth registered in one year can become a Swiss woman registering her 4th birth a couple of years later by the process of naturalisation!
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Figure 6: Mean number of children and parity proportions of women from census 2000 by place of birth / nationality

The results shown in Figure 6 would appear to contradict our hypothesis that immigrants are more likely to be childless than Swiss women. In fact women born outside the country have slightly more children, on average, than those born in Switzerland. As well as being slightly more likely to have larger families of four or more children, the childlessness rate of foreign women for the cohorts born in the mid-1950s is around 15 percent compared to over 20 percent for Swiss women. This observation contradicts that of Sauvin-Dugerdil (2005), based on her examination of FFS data: she asserted that new arrivals are somewhat more likely to be either childless or to have larger families. However, the parity proportions of women with two and three children are very similar for Swiss and foreign women. 

There is one possible scenario that could encompass both the observation that foreigners have larger families than Swiss natives, and also the previous expectation that new immigrants coming into the country are more likely to be childless. This would be that foreigners who are long-term residents in Switzerland have larger families and a much lower rate of childlessness than the Swiss natives, but relatively new arrivals are more likely to be childless. Although this scenario seems a little far-fetched, there would be some evidence for it from the first graphs of Figure 4 and Figure 6 which compare values for mean number of children. In Figure 4 the curves derived from the BEVNAT and census data agree very closely; while in Figure 6 the mean number of children for women born abroad is significantly higher than women born in Switzerland.

Looking back at Figure 5, we see that immigration has been more important for younger cohorts born after the 1950s, and is becoming increasingly significant. Therefore the mismatch in proportion of childless is unlikely to be caused by immigration for the 1950s cohorts, but is likely to become an increasing ‘problem’ with more recent cohorts.

So if migration does not explain the mismatch in the parity proportions derived from vital statistics compared to the census results, what other explanations are there?

2.2.2 Weaknesses in the census data

We generally think that a census covers everyone in the country comprehensively. However, there can still be important gaps in the information registered as not everyone completes every part of the census. Figure 7 shows this problem clearly. 
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Figure 7: Proportion of women who did not declare their number of children

It has been hypothesised elsewhere that women under the age of 30 who did not declare their fertility were most likely childless (Kreyenfeld et al 2011). However, the earlier analysis did not take this approach, but simply discounted the undeclared respondents from the analysis. This is equivalent to considering that the non-respondents have the same parity distribution as those who did complete that question.

We might wonder if the mismatch discussed above would be lessened if the non-respondents were considered to be all childless. This was tested, but it is clear that the result would be negative. The census childless level is already ‘too high’ with respect to the vital statistics value, and increasing it makes the mismatch even worse. So would it help if we considered all the non-respondents to have one child? It would help, but only a little. The childlessness rate for the cohorts born in the 1950s remains at just over 20 percent while the proportion with one child is increased from 16 per cent up to 18 percent. This is closer to the 20 percent found from the biological parity modelling, but it is considered an implausible scenario – and it still does not resolve the problem of the childlessness rate of the census being ‘too high’.

2.2.3 Possible weaknesses in vital statistics and modelling procedure

So if we consider that the census results are as close to the truth as possible, then could the weakness be with the modelling procedure to derive the parity?

The fact that the lines of mean number children match extremely closely suggests that the number of children for the whole population of each cohort is correct – it is just in their distribution between parities that the problem occurs (Figure 4, top graph). This would also negate the possibility that the fault could be in the estimation of the population totals by cohort. We have also confirmed that there is close agreement in the population totals by cohort between the census figures and those used to calculate fertility rates.

The main mismatches are in the proportion childless and those with one child. However, the calculation of the childlessness rate is simply as the complement of (ie. one minus) the first birth rate. To make a better match with the census childlessness rate, the derived rate needs to be increased, which would mean the parity 1 rate needs to be decreased. The logic follows that too many births must have been categorised as first births. More should have had a higher order. But the main job of the modelling is to move registered parities to higher birth orders.

Back in section 2.1, last paragraph, it was stated that there could have been a trend in more complex partnership histories, and therefore: “This may mean that for births outside marriage at older ages, too many have been assigned to parities greater than 1 … For births within marriage, too many may have been re-assigned to a higher parity than there actually were”. 

This current discussion on the mismatch would suggest the opposite: that even more births should have been re-assigned to higher parities than they were in the modelling procedure. Can this be justified in any way, other than to make the values fit with the census results?

If more births registered a first births were moved up to a higher order, then another problem emerges. The parity two rates match rather well, so we do not want those excess first births to be re-assigned as second births. They need to move up to be third or fourth births to make all the parity proportions match best (see Figure 4). These are less likely to come from extra-marital births. So why have not enough births been registered as third and fourth order to married women? Is it possible that the problem lies in the birth registration procedure? Is there some reason why birth order should tend to be recorded as a lower one than it actually is? Is there a possibility that the registering of twins or multiple births could give rise to mis-registering birth order?
2.2.4 Parity proportions from sample surveys

A number of sample surveys have been made in Switzerland and these may be able to shed light on whether the census results or the modelled vital statistics might be more ‘correct’.

Figure 8 shows a comparison of cohort parity distributions from the BEVNAT-modelled data and the Fertility and Family Survey (FFS) of 1994, the biggest survey where data on number of children was collected. The FFS surveyed 3881 females respondents (plus 2083 males) aged 20-49 (Kreyenfeld et al 2011). The mismatch is again greatest for the 1950s cohorts with the survey showing greater levels of childlessness and mothers with 3 and 4 children than calculated from the vital statistics data. Therefore the proportions compare more closely with the pattern recorded in the census.
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Figure 8: Parity proportions from FFS survey compared to vital statistics

A comparison with fertility data from the Swiss Household Panel (SHP) has been carried out by Kreyenfeld et al (2011). The European Social Survey wave 3  of 2006 (Jowell et al 2007) and European Values Study of 2008 also provide fertility data. Comparative results of mean number of children and parity proportions by cohort are given in Table 1. As the various surveys were carried out in different years, then the comparisons relate to those different times, ie. 1994 for the FFS; 2000 for the main BEVNAT/census comparison and also the SHP; 2006 for the ESS and 2008 for the EVS. The BEVNAT values are those derived from birth registration and population data from 1969 through to the relevant survey year, with birth order modelled as described earlier. The ‘adjusted’ census data for 2006 and 2008 took the census data from 2000 as a base and then added the births which were recorded after 2000 from the birth registration data base.
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Table 1: Mean number of children and parity proportions derived from different data sets: birth registrations (BEVNAT); census 2000; FFS, SHP, ESS and EVS
Various observations can be made from this table. The first is that there is, on the whole, a very good match between all the data sets. The EVS seems to give less reliable estimates than the ESS, but with smaller sample sizes (45-90 per 5-year cohort band versus 83-119 for the ESS and 419-536 for the SHP) that could be expected. Almost all the survey results give a (slightly) higher mean number of children than calculated from the BEVNAT or census data. This has been considered a common weakness of surveys, as they tend to have a ‘family bias’, as it is more difficult to access those without children than those who are at home with their children (Kreyenfeld 2011). The ESS seems to consistently (slightly) under-estimate the proportion of childless women, but this does not hold true for the EVS, SHP or FFS.

So do the surveys support either the BEVNAT model or the census data as being more correct in their proportions of childless and one-child mothers? The results are not consistent, and in any case all fall within the confidence limits of the sample sizes (roughly +/-4 percent for FFS; +/- 8 percent for ESS; +/- 10 percent for EVS when considering a value of 20 percent). Looking at the SHP, ESS and EVS childless proportions for the different cohort bands (Table 1), four of the twelve measurements have the surveys showing the highest rate of childlessness; five of the surveys show the lowest rate. Looking at all four sample surveys, their proportion of childlessness agrees to within two percent of the census results in three cases (two being from the FFS), and to the BEVNAT results in six cases. So would this support the BEVNAT model over and above the census data? It all depends on whether we believe that the childless are generally under-sampled in surveys and that this is also holds true in these surveys in Switzerland. And if we believe that the census has over-estimated childlessness, then the question would be – how did the census come to give higher rates of childlessness than might actually be the case? Why would some people (four percent of women aged between 35 and 50) declare they have had no children when they have actually have had a child? 

Looking at the parity proportions for larger families, then the survey results suggest that the modelling method would be improved if it assigned more births to be third and fourth order births. Comparing the BEVNAT values with those from the SHP and ESS surveys (and some of the EVS data) it would seem that larger families of 3 and more children are more common than would be expected from the BEVNAT database and modelling. However, the possible recent immigration of women with larger families would be an alternative explanation.

We can see the effect of late childbearing on reducing the childlessness rate by looking at Figure 9, which takes the census data as base and then adds the relevant age-specific fertility rates for after 2000. This suggests that the maximum rate of childlessness could have been experienced by the 1958 cohort of women, and this appears to be declining with younger cohorts. However, this does assume that new childless immigrants are not adding to the childless proportion.

[image: image16.wmf]
Figure 9: Proportion of women who were childless in 2000 and 2009 by cohort
2.2.5 Differences in definition of resident population

Switzerland is a country with land borders surrounding it – and so residents of living close to the border in neighbouring countries have varying degrees of attachment to it. It is not unusual for residents of France, Germany or Italy (and possibly Austria) to give birth in Swiss hospitals (as did the author of this paper). These births should, of course, be registered as to non-residents of Switzerland, but one wonders whether some could be mis-registered. The flow can also occur in the other direction too, whereby Swiss residents give birth in neighbouring countries.

The definition of a Swiss resident for the purposes of the census may not be exactly equivalent to that used for birth registrations. However, whether these discrepancies could cause the mismatch seen would seem to be doubtful.

2.2.6 Conclusion

This section has looked at the slightly different results obtained from modelling of parity proportions from vital statistics and from the census data. Both data sets have weaknesses and unresolved questions and data from sample surveys were not able to conclusively support one over the other. The issue of foreigner versus native fertility and the fertility patterns of new immigrants raised new problems and questions.

3. Cohort fertility trends

The previous section has looked in detail at past fertility patterns. This section looks at predicting future trends.

Although birth registration data is excellent for following period trends in fertility (especially when biological parities are recorded), they are less good for monitoring cohort trends. Even with the current full data set from 1969-2009, this only covers the complete reproductive life (ages 15-49) of the cohorts of women born 1954-1960. Even if we discount the few births to women over 45, that still gives only just over a decade cohort band.

The model used here for extrapolating cohort fertility into the future is quite simple compared to some other methods proposed (eg. Sobotka et al 2011). It has been used before by Caltabiano et al (2009). It uses all the available age- and birth order-specific fertility rates (up to and including those from 2009) for a cohort; then to complete the model, the period rates for the latest year for which data are available (2009 in this case) for each birth order are used to complete the fertility rate curve. This was done for all cohorts up to those born in 1975, ie. the cohort that had just passed its peak parity 2 fertility rate (see Figure 10). As it is the peak rate (by age) that has the most effect on the total parity fertility rate, then the model can only safely be applied once a cohort has passed the peak rate (the peak parity 1 rate currently being at age 30 and parity 2 being at age 32). Fertility rates for parity 3 can be extrapolated more easily as they are less variable and, in any case, they have a lower impact on total fertility.
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Figure 10: Parity proportions of predicted completed cohort fertility calculated using BEVNAT data and extrapolating after 2009 using period data for 2009

However, an additional possible adjustment was made to these extrapolated values. If we assume that the delays in birth schedules will continue and will affect women of higher ages, then the application of period rates from 2009 to complete the cohort fertility curves will result in an underestimate of final fertility (in the same way the TFR is lower than cohort fertility in periods of fertility postponement; Caltabiano et al, 2009 in their paper incorrectly stated the opposite case when discussing their identical model). Therefore, in the same way that we can apply the Bongaarts-Feeney correction to the TFR (Bongaarts and Feeney 2005), we can make the same correction to just the ‘period part’ of the combined cohort fertility calculation, using the parity-specific delays of 2009. Both the standard model extrapolations and the model incorporating the Bongaarts-Feeney (BF) correction are plotted on Figure 10.

In Table 2 we list the values for mean number of children and parity proportions for the different models. The first three columns use the BEVNAT values as base, as plotted on Figure 10. The second three columns use the census parity proportions as base and then add on the actual births that occurred between 200 and 2009 and then the predicted additional births using the period data of 2009, with and without the Bongaarts-Feeney correction.
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Table 2: Predicted mean number of children and parity proportions depending on various models and starting values

So what can we deduce from these predictions? It would seem likely that there is going to be a modest but sustained fall in the proportion of larger families of three and more children, and this will slightly pull down the mean number of children. The two-child family is likely to remain the most common, with 40-42% of women falling into this category. The biggest question lies in the proportion who will remain childless and those who will have just one child. Childlessness may affect just 16 percent of women born in the 1960s and early 1970s, or may be as high as 23 percent. Reflecting these uncertainties, women who end up with one child may be between 16 and 26 percent of their cohort. Late childbearing, as shown in Figure 9, can obviously have a significant impact on the level of childlessness for these cohorts.

The possible effect of migration is very difficult to predict. These cohorts and younger ones are likely to continue to expand with immigration, as shown on Figure 5. The fertility patterns of the newcomers will have a significant impact on mean fertility and parity proportions – unless they happen to have exactly the same fertility behaviour as long-term residents.

3.1 Assessment of performance of model using past data

So how would this model have performed for two sample cohorts, where we now their complete fertility record – the 1955 and 1960 cohorts? Let us apply the model as if we only had data up to 1983 or 1988 respectively (the years when those cohorts had just passed their peak parity 2 fertility rates). The following two graphs show the mismatch between the predicted and actual rates for parities 1-3.
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Figure 11: Comparison of predicted and actual fertility curves

What can be seen is that the extrapolated curves predicted from the period rates would have given an underestimate of cohort fertility. This is not surprising, as ongoing delays have continued up to the present time. (However, this contradicts the conclusion of Caltabiano et al (2009), who used the same method of predicting total cohort fertility; they said that ongoing delays would cause an overestimate of births).

We could, however, apply the Bongaarts-Feeney (B-F) correction to the period part of the data, using the delays being experienced in 1983/1988. Table 3 gives the comparative results.

[image: image21.wmf]
Table 3: Comparison of mean number of children and parity proportions as actually observed and as the models would have predicted
This shows that the agreement for the 1983 data is good when the B-F correction is applied, although for the 1988 model, the ‘true’ fertility rates lie between the uncorrected and the B-F corrected model. This means that delays have not continued at the same rate as was the case in 1988, but have slowed somewhat.

How can we suppose the model for the youngest cohort (1975) which uses 2009 data will perform? Current trends suggest there will be some ongoing delay. But it is unlikely that the delays will continue with the same intensity; the predictions using the B-F correction are, therefore, likely to be an overestimation of cohort fertility. Therefore, the uncorrected and the B-F corrected estimates are likely to be the lower and upper bounds (respectively) for the cohort fertility.

3.2 Discussion and conclusion

Predicting the future is an interesting but challenging task and this paper follows previous work by many illustrious demographers (Sobotka et al 2006, Goldstein 2010, Goldstein and Cassidy 2010, Sobotka et al 2011). There are two trends and one additional uncertainty which combine to make the prediction of future fertility potentially unreliable. 

The first trend is that of postponement, and the question is how much longer it will go on for. The change in age at first birth has been following an almost linear increase of about a month per year since 1970 in Switzerland, and this postponement shows no sign of abating (Burkimsher 2010). In other countries the rate of postponement has slowed, giving a boost to TFRs in several countries (Goldstein 20??). It has been predicted that mean age at first birth cannot exceed around 33 years of age (Goldstein 2006): but if this were the case, then it could still be another third of a century before the ceiling was reached in Switzerland. 

The second trend is changing fertility rates by birth order and how these might change over time. A minimum TFR was reached in 2001 in Switzerland and since then there has been an uptick: this started with a rise in first birth rates, and was followed (not too surprisingly) by a rise in second order birth rates a couple of years later. The standard TFR was 1.38 in 2001, rising to 1.50 in 2009; but if we apply the order-specific corrections using the Bongaarts-Feeney method (which purports to reflect cohort fertility rates more accurately), then the adjusted TFR was 1.59 in 2001 and 1.78 in 2009. Fluctuations in completed cohort fertility are much more subdued than period rates; however, using the model presented in this paper, the predicted mean number of children for the 1975 cohort, who have just passed their peak fertility, is predicted to be in the range 1.6 to 1.7. This range is markedly higher than that predicted by Sobotka et al (2011) using a more sophisticated model; but considering the current rising rates of fertility, then it is not considered to be unreasonable, and may even be on the low side.

The final unknown is the effect of immigration on fertility rates. The younger cohorts are continually expanding in numbers by a significant proportion and this influx is unlikely to abate. Even if recent immigrants are more likely to be childless when they arrive in the country, their subsequent fertility behaviour is likely to favour rather larger families than the native population.

4. Summary and conclusions

The demographic and fertility trends in Switzerland have been studied in depth in several previous studies (Calot, 1998; Fux, 2005; OFS, 2009a; Wanner and Fei, 2005; Rossier and Le Goff, 2005; Sauvain-Dugerdil, 2005; Gabadinho and Wanner, 1999). A recent newsletter of the Swiss Federal Statistical Office was devoted to the subject of fertility trends in Switzerland (OFS, 2009b). This study adds to the body of knowledge about Swiss fertility trends, as well as providing a case study of how two different modelling techniques, one for past fertility and one for future fertility, can be applied.

The modelling of biological parity using recently collected marital and biological data to extrapolate back in time was shown to give reasonably comparable results with the fertility data collected in the 2000 census. The small mismatches in parity proportions (particularly the childless proportion) between the two data sets were discussed at some length, but no definitive conclusion as to which might be more accurate was reached. The potential weaknesses in both data sets were addressed, as was the confounding factor of migration.

The modelling of completed cohort fertility using period data to complete the fertility curves by birth order was presented. It was tested against past data for the cohorts of 1955 and 1960 and found to perform successfully. As well as the addition of uncorrected period data, an additional model applying the Bongaarts-Feeney correction to future fertility was used. The results for the 1955 cohort suggested that it was relevant to apply the B-F correction, but for the 1960 cohort it appeared that reality fell between the two models, implying that postponement did continue but not as intensely as in earlier years. 

Predictions for future falls in the cohort fertility for the 1970s cohorts, as made for instance by Sobotka et al (2011), are unsupported by this study. The rate of childlessness is the most uncertain, especially with the increasing fertility of women in their late 30s and into their 40s (commonly in association with medically assisted conception). Only modest falls in the frequency of higher parity births are predicted. However, later childbearing, with or without medical assistance, seems to be leading to  an increasing frequency of multiple births, especially twins (OFS, 2009b).

The next collection of fertility data of the population in Switzerland is planned to be carried out in a partial census in 2013. At that stage it will be possible to assess which model performed best in predicting the future fertility trends. 
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Appendix 1: Small sample data of biological and marital birth orders from 2008
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