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Figure 3b. Distance from MAC1 at given cumulative percentages of fertility
schedule, first births, Italy

Source: ISTAT.
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4.3. Looking at cohort quantum directly

Another way of looking at this is, to study cohort quantum directly, and see how close
B-F adjustment (or K-P, or K-O) brings us to this true cohort quantum. The inherent
problem here, again, is that for recent cohorts we do not know what their ultimate
quantum will be, so we will have to do some extrapolation.

Figure 4 shows completed cohort fertility by age, for both countries, in two
alternative graphical representations.
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Figure 4a:  Average number of children, by age and cohort, Netherlands

Source: Statistics Netherlands.
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Figure 4b: Average number of children, by age and cohort, Italy

Source: ISTAT.
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First look at the upper graph for the Netherlands. Dutch fertility accelerates
between cohorts 1936 and 1945, followed by an abrupt and quite fast postponement for
women born after 1945. Only for the most recent cohorts are there some signs that the
postponement of births might be coming to an end. At the same time, the CTFR falls
steadily from 2.40 for cohort 1936 to about 1.80 for cohort 1950, and remains more or
less constant thereafter. If something like a ‘fertility ageing effect’ exists, it certainly
does not show up in this graph for the Netherlands. On the contrary: acceleration and
falling completed family size go hand in hand, while postponement seems to have very
little, if not zero, effect on ultimate fertility in the Netherlands.

The lower graph shows the same trends in a different manner. This graph starts
with cohort 1950, so it only describes the postponement part of the recent fertility
history. Subsequent cohorts shift their cumulative childbearing pattern to the right (but
note that 1975 is very close to 1970, suggesting that the end of postponement might be
near), but they all end up, or appear to be going to end up, at pretty much the same
level, around or possibly slightly below 1.80. So although Dutch cohorts drop behind
their predecessors at younger ages to quite a large extent, they recuperate almost all of
this at higher ages.

In Italy, the acceleration phase ended about five years later than in the
Netherlands, until about cohort 1950; the pace of the acceleration is somewhat weaker
than in the Netherlands. Then, postponement started, first slowly, but later on more
convincingly. By the end of the observation period, i.e. 1996, there are as yet hardly any
signs of postponement coming to an end in Italy. Completed fertility fell from 2.20 for
cohort 1939 to about 1.80 for cohort 1950. However, contrary to the Netherlands, it is
hard to tell whether a fertility ageing effect is occurring in Italy. The curves suggest that
recuperation at higher ages is much weaker than in the Netherlands, which implies that
the postponement in Italy is going to be associated with smaller completed family size.

The lower graph for Italy tells more or less the same story. Cohort 1960 has
dropped so far behind cohort 1955 that it seems unlikely that it will end up at the 1.80
CFS of cohort 1955. In its turn, cohort 1965 seems unlikely to fully overtake cohort
1960. So for the more recent cohorts in Italy, the ultimate value of the CTFR might well
be somewhat below 1.80, although the extent to which it will fall short of 1.80 is
difficult to tell.

While figure 4 relates to total fertility, i.e. all children irrespective of birth order,
figures 5-8 give the same trends for separate birth orders. Figure 5, for first children,
gives the clearest illustration of the acceleration-postponement sequence, particularly
for the Netherlands where the change from the acceleration phase into the
postponement phase was very abrupt indeed. In both countries, of cohort 1945 about
60% of all women had become a mother by the age of 25. In the Netherlands, for later
cohorts this percentage plummeted to a mere 20% for cohort 1970, and it appears to
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stay there for even more recent cohorts. In Italy, the 60% remained at age 25 until about
cohort 1955, after which an even faster decline occurred than in the Netherlands,
reaching 25% for cohort 1970 with no signs yet of a stabilization.

Figure 5a: Percentage women with at least one child, by age and cohort,
Netherlands

Source: Statistics Netherlands.
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Figure 5b: Percentage women with at least one child, by age and cohort, Italy

Source: ISTAT.
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For the Netherlands, we see CTFR1 falling slightly from 0.90 for older cohorts to
0.80 for cohorts 1960 and younger. From the lower graph, too, the substantial
postponement of first births at younger ages is almost fully compensated by
recuperation at older ages. In Italy, the decline from the initial 0.90 has started more
recently, and it is hard to tell where it will end up. Graphically extrapolating the
censored cohorts in the lower graph, an ultimate value of 0.80 or perhaps 0.75 for
cohort 1970 seems not unreasonable (the Italian 1970 cohort is more or less on the same
track as cohort 1965 in the Netherlands).

For second children (figure 6), there is some evidence in the Netherlands for a
‘fertility ageing effect’: although CTFR2 did not increase during the acceleration phase,
it did decrease a little during the first years of the postponement phase, from about 0.75
for cohort 1945 to slightly below 0.70 for cohorts 1955 and later. Here too, the most
recent cohorts show signs of stabilizing tempo. The CTFR2 might end up at 0.65 or so.
In Italy, the fall in the CTFR2 starting after cohort 1945 has been somewhat stronger,
and it might continue some more. Because the postponement process is still very much
going on, it is difficult to extrapolate the censored cohorts in the lower graph. 0.60 or
0.55 looks not too bad.

The trend in third children (figure 7) for both countries appears to be unrelated to
tempo changes. In the Netherlands, CTFR3 falls from 0.45 for cohort 1936 to between
0.20 and 0.25 for cohorts 1945 and younger. For cohorts born in the late 1950s, third
children are slightly more common than for cohorts born around 1950; it is not
immediately clear what has caused this slight (temporary) ‘revival’ of larger family
sizes, although it could have something to do with family reunification migration in the
late 1970s and early 1980s. In Italy, the falling trend in CTFR3 has not yet come to an
end: cohort 1960 will have to recuperate quite a lot to finish at 0.20 and for younger
cohorts 0.15 seems a more likely ultimate value.

Finally, families with four children or more (figure 8) have become quite rare
indeed. As for third children, this falling trend seems to be associated with a ‘real’
desire for smaller families and not with changes in tempo. In the Netherlands, CTFR4
has declines very sharply from 33% for cohort 1936 to around 10% for cohort 1945 and
later. Recently (cf. cohort 1965 in the lower graph), fourth births have started to be
postponed again, which makes it somewhat unlikely that CTFR4 will remain at 0.10 for
the most recent cohorts; 0.05 seems a safe lower limit. In Italy, we see an almost
equally strong decline in CTFR4, which shows as yet no sign of levelling off. An
ultimate level of 0.05 seems a fair guess.

Table 2 summarizes my extrapolations from figures 4-8.
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 Figure 6a: Percentage women with at least two children, by age and cohort,
Netherlands

Source: Statistics Netherlands.
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Figure 6b: Percentage women with at least two children, by age and cohort, Italy

Source: ISTAT.
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Figure 7a: Percentage women with at least three children, by age and cohort,
Netherlands

Source: Statistics Netherlands.
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Figure 7b: Percentage women with at least three children, by age and cohort,
Italy

Source: ISTAT.

0.00

0.10

0.20

0.30

0.40

0.50

19
36

19
39

19
42

19
45

19
48

19
51

19
54

19
57

19
60

19
63

19
66

19
69

19
72

19
75

19
78

19
81

19
84

20 25 30 35 40

0.00

0.10

0.20

0.30

0.40

0.50

15 20 25 30 35 40 45

1950 1955 1960 1965 1970 1975



Demographic Research - Volume 5, Article 2

http://www.demographic-research.org 53

Figure 8a: Percentage women with four or more children, by age and cohort,
Netherlands

Source: Statistics Netherlands.

0.00

0.10

0.20

0.30

0.40

19
36

19
39

19
42

19
45

19
48

19
51

19
54

19
57

19
60

19
63

19
66

19
69

19
72

19
75

19
78

19
81

19
84

20 25 30 35 40

0.00

0.10

0.20

0.30

0.40

15 20 25 30 35 40 45

1950 1955 1960 1965 1970 1975



Demographic Research - Volume 5, Article 2

54 http://www.demographic-research.org

Figure 8b: Percentage women with four or more children, by age and cohort,
Italy

Source: ISTAT.
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Table 2:  Estimated cohort fertility for recent cohorts, Netherlands and Italy

Netherlands Italy
Completed fertility for cohorts born around 1970 and later

Birth order 1 0.80 0.75-0.80
Birth order 2 0.65-0.70 0.55-0.60
Birth order 3 0.20 0.15-0.20
Birth order 4 0.05-0.10 0.05
Total completed family size 1.70-1.80 1.50-1.65
Period TFR 1990s 1.50-1.65 1.20-1.35
B-F adjusted TFR 1990s 1.70-1.95 1.50-1.70

The CTFRs in table 2 are not based on any sophisticated models or theoretical
arguments. They are educated guesses, based on the fertility experiences of successive
cohorts, and graphically inspired recuperation assumptions. For the Netherlands, I feel
more confident about these assumptions than for Italy. The reasons for this relative
confidence are twofold: first, they are shared by the demographic analysts at Statistics
Netherlands (and indeed, my assumptions are the same as those underlying the 2000 SN
population forecast); second, the graphical trends are fairly stable in the Netherlands. In
contrast, the Italian cohort experience is more difficult to predict, because Italian
women are still very much in the middle of drastically reorganizing their fertility
careers. We know for sure that fertility at younger ages is falling in Italy: what we do
not know is the answer to the decisive question whether this fall in low-age fertility is
merely postponement, or rather a structural shift towards really smaller families. We
simply don’t know where Italian fertility is heading to: we just have to wait and see.

What is clear from the table is that period fertility indicators are distorted: with
these drastic tempo changes going on, period TFRs are grossly underestimating the
reproductive behaviour of real women, i.e. cohorts. The B-F adjusted TFR succeeds at
least in providing the “improved reading of period fertility” it was designed for
(Bongaarts and Feeney 1998, p. 289). For the period considered, i.e. the 1990s, this
improved reading is more successful for Italy than for the Netherlands, because the
tempo changes in Italy are more pervasive, in all respects going in the same direction;
as a result, the constant shape assumption underlying the B-F procedure is better
satisfied in Italy than in the Netherlands.

It is interesting to compare my extrapolation of cohort fertility for the Netherlands
with the results obtained by Kohler and Ortega (2001b) using much more sophisticated
methods. My 1.70-1.80 corresponds nicely to K-O’s result based on reference year
1983 under the ‘postponement stops’ scenario (illustrating my earlier point that for
individual cohorts, ‘postponement stops’ seems much more likely than ‘postponement
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continues’). On the other hand, based on reference year 1998 K-O obtain ultimate
CTFR values of around 1.60 for all three scenarios, which appears to be too low when
compared to the trends for real cohorts depicted in figures 4-8.

5. Conclusions

Period and cohort quantum indicators (of fertility or whatever) are two fundamentally
different concepts. If we are interested in a period perspective, e.g. to assess the future
of our educational system or our pension scheme, we must look at annual births directly
(either in absolute or in relative CBR terms). If we are interested in a cohort
perspective, e.g. to assess the extent to which generations replace themselves, then we
must look at cohort fertility directly.

I have critically reviewed several existing attempts to infer cohort fertility from
period fertility measures. Whether such attempts are successful essentially depends on
whether the assumptions underlying the method are satisfied: if they are, it is; if they
are not, it isn’t. In general, there is no reason why a method’s underlying assumptions
should be satisfied. They might be all right, but the only way of finding out is to look at
the data directly. And once we do that, we do not need the adjustment method any
more, because we are looking at the cohort data we were interested in in the first place.

In the practice of European countries passing through the various stages of the
Second Demographic Transition, quantum and tempo effects from a period and cohort
perspective are interwoven in a subtle and complex way. As a result, a single measure
can never produce the full story. Graphical tools to access large amounts of
information, demographic insight and common sense still do a better job than synthetic
measures.
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Notes

1.  The text that follows criticizes the beharioural interpretation that can be attached to
a period TFR. This criticism does not imply that the PTFR is altogether useless, as
a synthetic indicator of fertility. In particular, for comparative research (either
between regions or countries, or over time), the PTFR has as a major advantage
that, unlike the CBR, it is not sensitive to the age composition of the female
population of child-bearing age.

2.  Apart from mortality, the distortionary effect of which is limited, migration is
potentially a more important factor that should be kept in mind when calculating
TFRs. The smaller the region to which the TFR applies, the larger the scope for
distortionary migration effects. Examples include: couples moving out of inner
cities before starting families; women living in regions without a hospital give birth
in a neighbouring region; international marriage migration.

3.  The assumption that something like a ‘typical woman’ exists is in itself debatable.
When calculating a period TFR, one implicitly assumes that all women are
homogeneous in all characteristics except age. Rallu and Toulemon (1994) have
shown that this assumption is not harmless: if the calculations are made by
including additional characteristics of women, different PTFR values will result.
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Appendix

The general translation equation is due to Ryder (1964). Here we present it in the
notation of Keilman (1999).

Notation

m(t,x) is the age-specific (fertility) rate (age x, period t)

A(t) is period quantum (PTFR): ∑=
x

xtmtA ),()(

B(g)=B(t-x) is cohort quantum (CTFR): ∑ +=
x

xxgmtB ),()(

b(g,x)=m(g+x,x)/B(g) is the age schedule (of fertility) for cohort g.

∑=
x

k
k xgbxgM ),()(  is the k’th (absolute) moment of the cohort age schedule.
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k xgbxgM ),()( )()(  is the i’th derivative of the k’th absolute moment, where

derivatives are understood to be with respect to t and g, not x.

We now have (using Taylor series expansion):
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This is the general translation equation. It involves all derivatives of all moments, so it
is not really informative.
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Ryder’s special case for linear tempo shift

Now suppose cohort quantum B is constant; all its derivatives vanish. In addition,
suppose the age-specific proportions b(g,x) develop linearly over time g; then the first
derivative of all moments is constant, and all second and higher-order derivatives of the
moments vanish. The equation then reduces to:

)1()( )1(
1MBAtA −×==

Now 1M  is the cohort’s mean age, and )1(
1M  is the annual change in this cohort

mean age. Thus, the translation equation says: under constant cohort quantum and linear
age-specific proportions, period quantum falls short of cohort quantum by a fraction
equal to the annual change in the cohort mean age. If we denote this annual change in
cohort mean age by r, the original Ryder translation equation is

)1( rBA −×=

However, this is not the same as a constant linear shift of the cohort age schedule.
If, say, a bell-shaped curve moves linearly to the right, each age-specific proportion will
change from year to year according to the form of the bell and the speed of the shift,
and this change will certainly not be linear over time.

Also, the conditions spelled out for the above result are not necessarily equivalent
to a linear change in the cohort mean age, as Keilman (1999) seems to suggest. Linear
age-specific proportions imply linear cohort mean age, but the reverse is not true. For
example, a linear shift of the cohort age schedule does imply linear cohort mean age but
not linear age-specific proportions.

Direct derivation

So what does the translation equation look like under a linear shift of the cohort age
schedule and constant cohort quantum? Suppose the schedule shifts to the right by r
years per calendar year; r is then also the annual change in the cohort mean age. A
constant annual shift by r years implies:

          b(g+y,x) = b(g,x-yr)
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Now we have:
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So instead of multiplying by (1-r), we should divide by (1+r). This I call the ‘modified’
Ryder translation equation.

The cohort mean age changes linearly over time. It equals:

∫
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),()( dxxgbxgCMAC  for cohort born in year g. For the period mean age,

we have:
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So the ratio of period mean age and cohort mean age is constant. In particular, when the
cohort mean age changes linearly at r per annum, the period mean age changes linearly
at r/(1+r) per annum. These changes are therefore not equal.

We now see also that the ‘modified Ryder’ translation equation A=B/(1+r) is
equivalent to B-F’s adjustment B=A/(1-q) where q is the annual change in the period
mean age. Namely: A=B*(1-q)=B*(1-r/(1+r))=B/(1+r).

Derivation of ‘modified Ryder’ via general translation formulas

Above we have given the general translation formula of Ryder for sums of
period/cohort rates, in fact the 0’th moment of the fertility schedule. This is just a
special case of even more general translation formules due to Yntema (1977, p. 163)
which hold for any moment of the fertility schedule:
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where Vk(t) is the k’th absolute moment for period t, and Wk(t) is the k’th absolute
moment for the cohort born in t.

Normalize the absolute moments as follows:
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)(/)()( 0 tWtWtw kk =

These are the moments of the normalized age schedule (i.e. the normalized age-
specific rates add up to 1, as a proper probability function). V0(t) and W0(t) are TFR and
CCF, respectively.

Apply the translation equation first to the 0’th moment:
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A normalized absolute moment is a power series involving deviations from the
mean and the mean itself, e.g.:

ik

x

k

i

i
xk mmx

i
k

pm −

=
∑ ∑ −








= )()( 1

0
1

Suppose we have constant cohort quantum, constant cohort shape, and an annual
linear shift of the cohort age schedule at rc per annum. Then all deviations from the
mean (factors x-m1 above) are constant, and the mean itself is linear, with constant first

derivative and zero higher-order derivative. This implies that k
c

k
k rkw )(!)( = .

Substituting this finally gives:
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which is equivalent to ‘modified Ryder’.

Now apply the translation equation to the 1’st moment:
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Suppose again constant cohort quantum, constant cohort shape, and an annual
linear shift of the cohort age schedule at rc per annum. Then we have, using the same

reasoning as above: k
c

k
k rtwkw )()()!1( 1
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1 ×+=+ . Substitution gives:
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So the period mean age is a distorted version of the cohort mean age. The cohort
mean age develops linearly over time, at rc per annum. Then the period mean age will
also be linear, at rp = rc/(1+ rc) per annum.

Note that the relations established here from the general translation formula are the
same as those derived directly.


