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Relating Period and Cohort Fertility

Robert Schoen

ABSTRACT From a pop u la tion per spec tive, the tra jec to ries of both the total fer til ity at 
suc ces sive time peri ods and the total fer til ity of suc ces sive birth cohorts are derived 
from the same array of age-spe cific fer til ity rates. This anal y sis uses the assump tion of 
con stant age-spe cific fer til ity pro por tions to derive new explicit rela tion ships between 
period and cohort fer til ity. In short, period total fer til ity is approx i ma tely equal to the 
total fer til ity of the cohort born a gen er a tion ear lier, with a mod est addi tive adjust ment. 
A sim ple rela tion ship also links both period and cohort total fer til ity to ACF, the aver
age fer til ity of the child bear ing cohorts in a given year. Assuming that fer til ity lev els 
fol low a cubic curve, cohort val ues from the derived rela tion ships are then com pared 
to observed cohort fer til ity val ues for the United States in 1917–2019. Despite sub stan-
tial vio la tions of the con stant pro por tional fer til ity assump tion, the cal cu lated val ues 
devi ate from the observed val ues by an aver age of only 7–8%. Short-term pro jec tions 
sug gest that U.S. cohort fer til ity will con tinue to decline.

KEYWORDS Period fer til ity • Cohort fer til ity • Fertility trans la tion • Mean age of 
fer til ity • Average cohort fer til ity

Introduction

Ryder’s (1964) defin ing arti cle on “trans la tion” in the first issue of Demography cast 
period fer til ity fluc tu a tions as dis tor tions of the under ly ing cohort behav ior. Ryder 
(1964, 1965) saw the cohort, that is, the group of per sons born in the same period, as a 
key socio log i cal con cept because social change has dif fer ent impacts on per sons of dif
fer ent ages, and the con se quences of those impacts per sist. In the study of fer til ity, Ryder 
believed the cohort was the o ret i cally cen tral because the behav ior of dif fer ent cohorts 
reflects those dif fer ent socio eco nomic con di tions, and empir i cally sig nifi  cant because 
cohort fer til ity is more sta ble than period fer til ity. That trans la tion per spec tive has since 
been updated by Keilman (2001) and fur ther elab o rated in Zeng and Land (2002).

In con trast to that cohort-cen tric view, Ní Bhrolcháin (1992) offered a period 
cen tered per spec tive. She argued that period changes were unam big u ously the prime 
source of fer til ity var i a tion, and “if there are cohort effects in twen ti eth-cen tury 
devel oped-coun try fer til ity series, they are so sub tle as to be extremely dif fi cult to 
detect” (Ní Bhrolcháin 1992:662). The empir i cal review by Hobcraft et al. (1982) 

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/59/3/877/1998516/877schoen.pdf by guest on 20 April 2024

https://doi.org/10.1215/00703370-9936991
https://doi.org/10.1215/00703370-9936991


878 R. Schoen

saw con sis tency in the age pat tern of period fer til ity but not in the age pat tern of 
cohort fer til ity, indi cat ing a greater con sis tency across age in period behav ior. That 
sug gests that the greater sta bil ity in cohort fer til ity is sim ply struc tural, in that cohort 
fer til ity just aver ages the highs and lows of period expe ri ence.

Cohort fer til ity has a clear heu ris tic appeal: women have chil dren, mostly one at 
a time, and their past child bear ing is obvi ously rel e vant to their sub se quent behav ior. 
Still, peo ple live day by day, and those period influ ences can be long-last ing. The 
cohort empha sis ignores the fact that period fer til ity deter mines cohort size. There is 
also the prac ti cal lim i ta tion that the cohorts of greatest inter est—those in their peak 
repro duc tive years—are decades away from com plet ing their child bear ing, and there 
is no gen er ally accepted way of com plet ing their fer til ity (Bohk-Ewald et al. 2018). 
Two decades ago, the issue of period fer til ity “dis tor tions” arose again, with the con-
tro versy over whether recently observed period fer til ity declines actu ally reflected 
a change in cohort fer til ity behav ior (Bongaarts and Feeney 1998; Frejka and Calot 
2001; Kim and Schoen 2000; Lesthaeghe and Willems 1999; Schoen 2004; Van 
Imhoff and Keilman 2000).

Translation from period to cohort fer til ity can poten tially help resolve such meth-
od o log i cal ques tions. Translation adjust ments to period fer til ity mea sures were first 
pro posed by Ryder (1964), and a fur ther note wor thy adjust ment was pro posed by 
Bongaarts and Feeney (1998), although both of those pro ce dures use strong assump
tions to relate cohort and period fer til ity.

To be spe cific, Ryder (1964) explored expan sions of fer til ity func tions in terms of 
moments in order to trans late between period and cohort mea sures. His main result 
was the lin ear (first moment) rela tion ship

 TFR(T + Ac (T)) = CFR(T) [1 – ΔAc (T)], (1)

where TFR indi cates a period total fer til ity rate, CFR a cohort total fer til ity rate, Δ a 
change or first deriv a tive over time, Ac a cohort mean age of fer til ity, and T the birth 
year of a cohort. A total fer til ity rate is the sum of the age-spe cific fer til ity rates of 
a period (or cohort). For clar ity, time index T denotes a cohort year of birth while t 
denotes period (or year) t. Thus TFR(T + Ac (T)) rep re sents the period TFR in the year 
that the cohort born in year T is at its mean age of fer til ity.

Bongaarts and Feeney (1998) adopted a period per spec tive and pro posed the alter
na tive lin ear rela tion ship

 TFR*(t) = TFR(t) / [1 – ΔAp (t)], (2)

where TFR*(t) is the Bongaarts–Feeney adjusted TFR designed to elim i nate period 
dis tor tions, and Ap is the period mean age of fer til ity. Bongaarts and Feeney (1998) 
made their adjust ment par ity spe cific, but Eq. (2) cap tures the essence of their 
approach. They asserted that their TFR* bet ter reflected the com pleted fam ily size 
(i.e., cohort fer til ity) than did the observed period total fer til ity rates. Zeng and Land 
(2002:270) clearly expressed the assump tions under ly ing the Bongaarts and Feeney 
TFR*, that is, TFR* was the CFR of the hypo thet i cal cohort whose fixed rate sched-
ule shifted each repro duc tive year by a fixed amount. Thus TFR* rests on both a fixed 
fer til ity rate sched ule and 30–35 years of con stant upward (or down ward) shifts in 
that sched ule.
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Such lin ear-based adjust ments are at best approx i ma tions to the actual period/ 
cohort rela tion ship. The goal of this arti cle is to fur ther explore and quan tify period/ 
cohort rela tion ships and, from that per spec tive, exam ine recent trends in U.S. period 
and cohort fer til ity.

Period/Cohort Relationships Under Constant Proportional Fertility

The Constant Proportional Fertility Model

To begin, assume a con stant pro por tional age sched ule of fer til ity rates in every year, 
while the level of fer til ity is free to vary from period to period. In the con text of such a 
model, we can relate period and cohort fer til ity based on the moments of the con stant 
age-spe cific fer til ity pro por tions and a known func tion that specifies the fer til ity level 
over time. By doing so, both period and cohort fer til ity can be expressed in terms of 
a few under ly ing param e ters.

We build a model where the rela tion ships between period and cohort fer til ity are 
stated explic itly. At time t, let the fer til ity rate at exact age x be f(x,t). Assume no mor-
tal ity before age 45, and let the repro duc tive ages be from 15 through 44. Denote the 
fixed pro por tion of period fer til ity at age x by c(x), with ∫c(x) dx = 1. Unless oth er wise 
spec i fied, inte grals range from age 15 to age 45. At time t, let those fixed fer til ity 
pro por tions be mul ti plied by fer til ity level func tion TFR(t), so time t fer til ity at age 
x is given by f(x,t) = TFR(t) c(x), with the sum of the time t age-spe cific fer til ity rates 
equal to TFR(t).

The con stant pro por tional fer til ity assump tion is some what strong, and the period 
mean age of fer til ity (Ap) has risen con sid er ably in many places over the past sev eral 
decades. Nonetheless, the Hobcraft et al. (1982) find ing that the age pat tern of fer til-
ity is quite sta ble pro vi des a rea son able point of depar ture. In the absence of plau si ble 
con straints, period/cohort rela tion ships would be vir tu ally impos si ble to ana lyze. The 
sta ble pop u la tion, the dom i nant model of for mal demog ra phy, is based on con stant 
age-spe cific fer til ity and mor tal ity rates. Despite those very strong and unre al is tic 
assump tions, the sta ble model has been very use ful in ana lyt i cal work and in esti mat-
ing demo graphic mea sures from incom plete data (cf. United Nations 1983). Unlike 
the Ryder and Bongaarts–Feeney ana ly ses, con stant fer til ity pro por tions allow fer til-
ity lev els to vary freely over time.

The United Nations 2014 pop u la tion pro jec tions used a mod i fied con stant fer til-
ity pro por tions approach, with a pop u la tion’s ini tial age-spe cific pro por tions mov ing 
to fixed ulti mate pro por tions (Ševčíková et al. 2016:301–302). The recent com pre-
hen sive ana ly ses of fer til ity pro jec tion and cohort com ple tion by Bohk-Ewald et al. 
(2018) found that more com plex pro jec tion meth ods do not nec es sar ily do bet ter than 
sim pler meth ods. In par tic u lar, they found that the assump tion of con stant (“fro zen”) 
rates “con sis tently out per forms most of the sophis ti cated and less sophis ti cated fore-
cast meth ods” (Bohk-Ewald et al. 2018:9191). With TFR(t) able to vary freely and the 
c(x) spe cific to the case at hand, the con stant fer til ity pro por tions assump tion is flex i-
ble, demo graph i cally grounded, and far weaker than assump tions fre quently employed 
in empir i cal demo graphic mod el ing. Furthermore, the pri mary objec tive here is to 
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relate period and cohort fer til ity, not to improve tech niques for pop u la tion pro jec tion. 
Assuming con stant fer til ity pro por tions allows new, explicit rela tion ships to be derived 
that directly link the total fer til ity of a year to the com pleted fer til ity of a cohort. The 
best-performing meth ods in Bohk-Ewald et al. (2018), which use time series/extrap-
o la tions or Bayes ian meth ods, do not pro vide such direct period/cohort rela tion ships.

Now let us relate period and cohort fer til ity when TFR(t) is a known poly no mial 
func tion. With CFR(T) the total fer til ity (or com pleted fam ily size) of the cohort born 
at time T, we can write

 CFR(T) = ∫ TFR(T + x) c(x) dx
 = ∫ f(x, T + x) dx, (3)

where the inte gral ranges over the 30-year repro duc tive age span. Equation (3), our 
starting point, pro vi des the basic rela tion ship between period and cohort fer til ity.

Relationships Under a Linear Fertility Trajectory

Explicit rela tion ships can now be derived for spe cific fer til ity tra jec to ries. When the 
fer til ity tra jec tory is lin ear, we can write

 TFR(t) = R + at, (4)

where param e ter R is the level of fer til ity at time 0 and param e ter a is the lin ear slope. 
Then, from Eq. (3), with inte gra tion from ages 15 to 45, we can write

 CFR(T) = ∫ TFR(T + x) c(x) dx = ∫ [R + a(T + x)] c(x) dx
 = R + aT + a ∫ x c(x) dx = R + a(T + µ) = TFR(T + µ), (5)

where µ, the mean of the c(x) dis tri bu tion, equals ∫ x c(x) dx. With a lin ear time tra jec-
tory, the com pleted fam ily size of the cohort born in year T is iden ti cal to TFR(T + µ), 
the total fer til ity rate of the year (T + µ).

Figure 1 shows period and cohort age curves of fer til ity when R = 1 and a = 0.02. 
To sim plify the cal cu la tions, the con stant pro por tional age sched ule of fer til ity is 
given by the parab ola

 c(x) = (−3 / 20) + x / 75 – x2 / 4500 (6)

between the ages of 15 and 45 and is zero at all  other ages. The der i va tion of the curve 
is straight for ward and described in section D of the online appen dix and Appendix 
Supplement 1. The c(x) curve is zero at ages 15 and 45 and has an area of 1 between 
those ages. It is sym met ric, with a mean at age 30, where c(30) = 0.05, a var i ance of 
45, and zero skew. While it simplifies the typ i cal age curve of fer til ity, that par a bolic 
curve affords a rea son able depic tion of actual behav ior.

In Figure 1, both period (t = 30) and cohort (T = 0) total fer til ity are 1.6. The two 
curves cross over at exact age 30. Below age 30, period fer til ity is higher; after age 
30, cohort fer til ity is higher. More spe cifi  cally, the excess of period fer til ity over 
cohort fer til ity at age 30 − k (0 < k < 15) exactly equals the excess of cohort fer til ity 
over period fer til ity at age 30 + k. Section D in the online appen dix gives the val ues 
under ly ing Figure 1 for five-year age-groups, show ing that sym me try.
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The mean ages of fer til ity are also sig nifi  cant func tions, and their val ues can read-
ily be found. With con stant c(x) and a lin ear change in fer til ity, the period mean age 
of fer til ity (Ap) is always µ, while the cohort mean age, Ac, is given by

 Ac (T) = µ + a Var / CFR(T) = µ + a Var / TFR(T + µ), (7)

where Ac(T) = ∫ x c(x) [R + a(t + x)] dx and Var denotes the var i ance of the c(x) dis tri bu
tion, that is, ∫(x − µ)2 c(x) dx. The full der i va tion of Eq. (7) is given in section A of the 
online appen dix. Unlike the period mean age, the cohort mean age varies over time, 
dif fer ing from µ by a com bi na tion of the slope of the lin ear tra jec tory (a), the dis per
sion of the age pat tern of fer til ity (Var), and the total fer til ity of the cohort.

The Ryder (1964) lin ear trans la tion rela tion ship in Eq. (1) is con sis tent with Eq. 
(5), when the cohort mean age of fer til ity is used. Employing Eqs. (1), (4), (5), and 
(7), the left side of Eq. (1) can be writ ten

TFR(T + Ac(T)) = R + a[T + Ac(T)] = R + a{T + µ + a Var / [R + a(T + µ)]}
= [R + a(T + µ)] + a2 Var / [R + a(T + µ)]
= TFR(T + µ) + [a2 Var / TFR(T + µ)]. (8)

To see that the right side of Eq. (1) also yields the result in Eq. (8), first find the change 
in Ac(T), that is,

dAc (T) / dT = −a2 Var / [R + a(T + µ)]2. (9)

Using Eq. (5) and substitut ing the rela tion ship in Eq. (9) in the right side of Eq. (1) 
yields

TFR(T + Ac(T)) = [R + a(T + µ)]{1 + a2 Var / [R + a(T + µ)]2}
= [R + a(T + µ)] + a2 Var / [R + a(T + µ)]
= TFR(T + µ) + [a2 Var / TFR(T + µ)], (10)

where the last equal ity in Eq. (10) equals that in Eq. (8).
It is eas ier to show that the Bongaarts–Feeney Eq. (2) is con sis tent with Eq. (5) for 

the period mean age of fer til ity. There is no adjust ment, as µ is con stant. Hence, at 
time t = T + µ, we have TFR*(t) = TFR(t) = TFR(T + µ) = CFR(T).
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The con sis tency of results in the lin ear case between the Ryder and the Bongaarts– 
Feeney approaches on one hand and the con stant c(x) approach on the other hand 
 rein forces the plau si bil ity of the con stant pro por tional fer til ity assump tion. Since the 
con stant c(x) approach can be applied to non lin ear fer til ity tra jec to ries, it extends those  
ear lier approx i ma tions and opens the door to more gen eral rela tion ships.

Relationships Under a Quadratic Fertility Trajectory

When period fer til ity fol lows a qua dratic curve, we can write

 TFR(t) = R + at + bt2. (11)

Then, inte grat ing using Eqs. (3) and (11) gives

CFR(T) = TFR(T + µ) + b Var (12)

and

 Ac (T) = µ + {Var [a + 2b(T + µ)]} / CFR(T).  (13)

Section B of the online appen dix shows the details of the der i va tion of Eqs. (12) and (13).
In the qua dratic case, the dif fer ence between CFR(T) and TFR(T + µ) is a con stant, 

the extent of non lin e ar ity in the TFR tra jec tory times the var i ance of the c(x) dis tri
bu tion. The dif fer ence between the period and cohort mean ages varies nonlinearly 
over time.

Relationships Under a Cubic Fertility Trajectory

When fer til ity lev els fol low a cubic curve, let us write

 TFR(t) = R + at + bt2 + dt3. (14)

Proceeding as before, section C of the online appen dix shows that we then have

 CFR(T) = TFR(T + µ) + Var [b + 3d(T + µ)]  (15)

and

 Ac (T) = µ + Var {a + 2b(T + µ) +3d [(T + µ)2 + Var]} / CFR(T).  (16)

When the level of fer til ity fol lows a cubic curve, the dif fer ence between CFR(T) and 
TFR(T + µ) varies lin e arly over time. If param e ter d equals zero, that is, if the fer til ity 
tra jec tory is qua dratic, Eqs. (15) and (16) reduce to Eqs. (12) and (13). A cubic curve 
is gen er ally con sid ered a rea son able approx i ma tion for most observed tra jec to ries 
over the short to medium range (e.g., Hoem and Linnemann 1988). Miller’s clas sic 
actu ar ial text on grad u a tion goes so far as to state that “over a lim ited range, most 
reg u lar series met with by the actu ary may be closely approx i mated by a poly no mial 
of the third degree” (Miller 1946:26).
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The qua dratic and cubic der i va tions pro vide new period/cohort rela tion ships that 
go beyond the lin ear rela tion ships in Ryder (1964) and Bongaarts and Feeney (1998). 
Those new rela tion ships indi cate that cohort fer til ity lev els and mean ages are the 
period val ues for the time when the cohort is at the period mean age, adjusted addi
tively for non lin e ar ity in the tra jec tory of period fer til ity and for the mean and var
i ance of the fixed age pat tern of fer til ity. Table 1 sum ma rizes those period/cohort 
rela tion ships for lin ear, qua dratic, and cubic fer til ity tra jec to ries.

Relationships in Hypothetical Data With a Cubic Trajectory

Calculations with hypo thet i cal data can illus trate the mag ni tude of those addi tive 
adjust ments. Table 2 shows fer til ity lev els and mean ages when fer til ity fol lows a 
cubic tra jec tory with either low or high fluc tu a tions. The low-fluc tu a tion pat tern, 
roughly based on twen ti eth-cen tury Swed ish expe ri ence, has TFR vary ing from a 
high of 2.31 to a low of 1.54. The high-fluc tu a tion pat tern, some what sim i lar to the 
United States in the twen ti eth cen tury, has TFRs vary ing from 3.0 to 1.8.

With low fluc tu a tions, the dif fer ence between CFR(T) and TFR(T + µ) is rather 
small, on the order of one hun dredth of a child. That dif fer ence is pre cisely the adjust-
ment to TFR(T + µ) in Eq. (15). Figure 2 shows period and cohort total fer til ity tra-
jec to ries under both sce nar ios. The period and cohort curves are dis tinct, but quite 
sim i lar. With high fluc tu a tions, period/cohort dif fer ences are larger, but com pleted 
fam ily sizes dif fer by only ±0.1 child.

The dif fer ence between cohort mean age Ac (T) and period mean age µ is more 
sub stan tial. With low fluc tu a tions, it goes from nearly −0.5 to over +0.3, and with 
high fluc tu a tions from −1.7 to +0.2. That dif fer ence is pre cisely the addi tive adjust-
ment to µ in Eq. (16). In short, a lin ear trend assump tion fails to cap ture the complex
ities of the cubic case, although there is still a con sid er able close ness between the 
val ues for the cohort born in year T and the period T + µ.

Table 1 Period/cohort rela tion ships with con stant age-spe cific fer til ity pro por tions and poly no mial time 
tra jec to ries of fer til ity lev els

Measure Period(t) Cohort(T)

A. Fertility Level Varies Linearly Over Time
TFR R + at R + a(T + µ) = TFR(T + µ) = CFR(T)
A µ µ + a Var / CFR(T)

B. Fertility Level Varies Quadratically Over Time
TFR R + at + bt2 TFR(T + µ) + b Var
A µ µ + [a + 2b(T + µ)] Var / CFR(T)

C. Fertility Level Varies Cubically Over Time
TFR R + at + bt2 + dt3 TFR(T + µ) + [b + 3d(T + µ)] Var
A µ µ +{a + 2b(T + µ) + 3d[(T + µ)2 +Var]}Var / CFR(T)

Notes: The time 0 fer til ity level (TFR(0)) is set at R. With c(x) being the con stant fer til ity pro por tion at 
age x, µ is the mean of the c(x) dis tri bu tion and Var is its var i ance. In period mea sures, t indi cates a cur rent 
year. In cohort mea sures, time T is the cohort’s year of birth. CFR denotes a cohort total fer til ity rate, and 
A denotes a mean age of fer til ity.
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885Relating Period and Cohort Fertility

Average Cohort Fertility With Constant Proportional Fertility

Butz and Ward (1979), in exam in ing the effects of tim ing on period and cohort fer til-
ity, intro duced the aver age cohort fer til ity (ACF) con cept. As a weighted aver age of 
the fer til ity of cohorts child bear ing at time t, the ACF pro vi des a period mea sure that 
offers insight into cohort behav ior. Under the con stant pro por tional fer til ity assump-
tion, let us write

ACF(t) = ∫ CFR(T + µ − x) [TFR(t) c(x)] dx / TFR(t)
= ∫ CFR(T + µ − x) c(x) dx (17)

with t = T + µ and the inte gral span ning the ages 15 to 45. The defi  ni tion in Eq. (17) 
dif fers from that of Butz and Ward (1979) in that the weights are the frac tion of period 
(not cohort) fer til ity at each age.

Now assume that period total fer til ity varies cubi cally over time per Eq. (14), so 
cohort total fer til ity varies according to Eq. (15). Our period-weighted ACF can then 
be writ ten

 ACF(t) = ∫ [TFR(t + µ − x) + Var (b + 3d{t + µ − x})] c(x) dx. (18)

1.5
1.6
1.7
1.8
1.9
2.0
2.1
2.2
2.3
2.4

 F
er

til
ity

 R
at

e

a. Low fluctuations

1.5
1.7
1.9
2.1
2.3
2.5
2.7
2.9
3.1
3.3

15 25 35 45 55 65 75 85 95 105

 F
er

til
ity

 R
at

e

Time (t )

Time (t )

b. High fluctuations

Period TFR(t) Cohort CFR(T+μ)

Fig. 2 Period and cohort total fertility under cubic fertility trajectories

D
ow

nloaded from
 http://dup.silverchair.com

/dem
ography/article-pdf/59/3/877/1998516/877schoen.pdf by guest on 20 April 2024



886 R. Schoen

As shown in section E of the online appen dix, straight for ward inte gra tion over the 
range of c(x) yields

 ACF(t) = TFR(t) +2 Var (b + 3dt) = CFR(T) + Var (b + 3dt). (19)

Equation (19) shows that under a regime of con stant pro por tional fer til ity whose level 
varies cubi cally over time, there is a sim ple rela tion ship between period-weighted 
ACF at any time and both period and cohort total fer til ity. From Eqs. (15) and (19), 
CFR(T) is the arith me tic mean of TFR(t) and ACF(t), that is,

 CFR(T) = [TFR(t) + ACF(t)] / 2. (20)

Equations (19) and (20) also hold when fer til ity varies qua drat i cally, and if fer til ity 
changes lin e arly, that is, when b = d = 0, ACF(t) = TFR(t) = CFR(T) = CFR(t − µ). These 
ACF rela tion ships are new and afford another approach to period/cohort trans la tion 
and to infer ring cohort behav ior from period mea sures.

Period/Cohort Relationships in Amer i can Fertility Data

Detailed fer til ity data for the United States go back to 1917, and those data pro vide 
an excel lent source for exam in ing the extent to which our model-based period/cohort 
rela tion ships hold in an actual pop u la tion over a long span of time. The data sources 
used are described in section F of the online appen dix.

Table 3 shows the period TFR(t), the period Ap (t), and the CFR(T) for the years 
1917 through 2019. Since the fer til ity data are by cal en dar year and the Ap val ues 
are not inte gral, a sim pli fy ing pro ce dure was used to deter mine the appro pri ate birth 
cohort year T = t − Ap. Specifically, observed Ap frac tions of ±(1/3) were ignored. If 
the frac tional part of Ap (t) was between 1/3 and 2/3, the frac tion was assumed to be 
one half, and the CFR val ues for two years were aver aged. For exam ple, for an Ap (t) 
value of inte gral Z plus one half, CFR(T) was taken as ½[CFR(t − Z) + CFR(t – Z − 1)].

In the con tin u ous time mod els of Table 1, those born at exact time T are at exact 
age x at exact time T + x. With dis crete data, those born in year T all  attain exact age x 
in year T + x, although at age x last birth day they live some per sonyears dur ing year 
T + x + 1. To sim plify mat ters, rec og niz ing that sin gle years of age and time are con sid-
ered and that frac tional mean ages of fer til ity are involved, the cal cu la tions assume that 
the behav ior at age x of the cohort born in year T is cap tured by data for the year T + x.

Figure 3 shows the tra jec to ries of TFR(t), CFR(t − Ap(t)), and the cubic esti mated 
CFR for the cohort attaining age Ap (t) in year t. The max i mum U.S. period TFR was 
3.68 in 1957. Fertility then fell to 1.74 in 1976 before ris ing again to 2.12 in 2007. In 
the fol low ing 12 years, fer til ity fell again, reaching an all -time U.S. low of 1.705 in 
2019. Cohort fer til ity peaked at 3.18 for the cohorts born in 1933–1934, before fall-
ing to 1.98 for the cohort born in 1954. Subsequently, the CFR rose, reaching 2.24 for 
women born in 1978. For the most recent seven years, the CFR declined, but was still 
2.08 for the cohort of 1984.

Since 1965, or the cohorts of 1938–1939, CFR(T) has gen er ally been greater 
than TFR(t). That reflects the rise in the period mean age of fer til ity. From 25.74 in 
1974, Ap (t) rose nearly mono ton i cally to 29.62 in 2019, a rise of 3.88 years. Such a 
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Table 3 Summary mea sures of U.S. fer til ity, 1917–2019

Year (t) TFR (t) Ap (t) CFR(T) Year (t) TFR (t) Ap (t) CFR(T)

1917 3.333 28.61 3.125 1965 2.882 26.55 2.962
1918 3.312 28.65 3.090 1966 2.670 26.41 2.885
1919 3.068 28.90 3.072 1967 2.526 26.32 2.745
1920 3.263 28.54 3.008 1968 2.431 26.22 2.635
1921 3.326 28.46 2.960 1969 2.423 26.15 2.520
1922 3.109 28.47 2.909 1970 2.432 26.04 2.422
1923 3.101 28.43 2.856 1971 2.245 25.98 2.332
1924 3.121 28.34 2.802 1972 1.994 25.89 2.264
1925 3.012 28.31 2.718 1973 1.862 25.80 2.196
1926 2.901 28.25 2.672 1974 1.835 25.74 2.138
1927 2.824 28.22 2.635 1975 1.744 25.75 2.084
1928 2.660 28.16 2.583 1976 1.738 25.83 2.048
1929 2.532 28.09 2.525
1930 2.532 28.03 2.477 1977 1.790 25.86 2.017
1931 2.402 28.02 2.442 1978 1.760 25.91 1.994
1932 2.319 28.01 2.405 1979 1.808 25.94 1.980
1933 2.172 28.01 2.358 1980 1.840 25.94 1.978
1934 2.232 27.89 2.318 1981 1.812 26.04 1.982
1935 2.189 27.75 2.294 1982 1.828 26.10 1.986
1936 2.146 27.64 2.272 1983 1.799 26.18 1.988

1984 1.806 26.27 1.993
1937 2.173 27.48 2.274 1985 1.844 26.32 2.003
1938 2.222 27.40 2.245 1986 1.838 26.37 2.009
1939 2.172 27.38 2.304 1987 1.872 26.46 2.020
1940 2.229 27.30 2.343 1988 1.934 26.49 2.027
1941 2.332 27.16 2.388 1989 2.014 26.47 2.036
1942 2.555 27.05 2.434 1990 2.081 26.52 2.048
1943 2.640 27.25 2.467 1991 2.062 26.53 2.060
1944 2.494 27.52 2.490 1992 2.046 26.53 2.078
1945 2.422 27.79 2.512 1993 2.020 26.59 2.100
1946 2.858 27.35 2.594 1994 2.002 26.69 2.111
1947 3.181 26.89 2.702 1995 1.978 26.80 2.125
1948 3.026 26.74 2.765 1996 1.976 26.89 2.127
1949 3.036 26.70 2.794
1950 3.028 26.72 2.847 1997 1.971 26.99 2.131
1951 3.199 26.62 2.939 1998 1.999 27.15 2.168
1952 3.286 26.68 2.903 1999 2.008 27.25 2.207
1953 3.349 26.63 2.970 2000 2.056 27.39 2.216
1954 3.461 26.60 3.006 2001 2.030 27.52 2.229
1955 3.498 26.56 3.041 2002 2.020 27.71 2.233
1956 3.605 26.47 3.083 2003 2.048 27.87 2.218

2004 2.052 27.95 2.240
1957 3.682 26.44 3.124 2005 2.057 28.00 2.240
1958 3.629 26.42 3.156 2006 2.108 27.97 2.243
1959 3.638 26.42 3.175 2007 2.120 27.99 2.221
1960 3.606 26.44 3.184 2008 2.072 28.06 2.183
1961 3.564 26.48 3.181 2009 2.002 28.17 2.154
1962 3.423 26.47 3.155 2010 1.931 28.35 2.150
1963 3.298 26.49 3.104 2011 1.894 28.54 2.134
1964 3.171 26.55 3.036 2012 1.880 28.67 2.122
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Year (t) TFR (t) Ap (t) CFR(T) Year (t) TFR (t) Ap (t) CFR(T)

2013 1.858 28.84 2.081 2017 1.766 29.40 —
2014 1.862 29.01 — 2018 1.730 29.56 —
2015 1.844 29.15 — 2019 1.705 29.62 —
2016 1.820 29.32 —

Notes: See text for fur ther details. In deter min ing CFR(T), frac tional Ap val ues of ±(1/3) were ignored. 
Fractional val ues between 1/3 and 2/3 were set to ½, and CFR val ues for two years were aver aged. Cohort 
expe ri ences at ages over 35 in 2019 were com pleted using published age-spe cific fer til ity rates for 2019.

Sources: Period and cohort fer til ity val ues were taken or cal cu lated from Heuser (1976), Hamilton and 
Cosgrove (2010), Hamilton and Kirmeyer (2017), Martin et al. (2017), Martin et al. (2019), and Hamilton 
et al. (2020). See Sections F and G in the online appen dix.

Table 3 (continued)
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Fig. 3 Observed period and cohort total fertility and estimated total fertility, United States, 1917–2019

sub stan tial increase in Ap, and relat edly in the fer til ity rates at higher ages, directly 
count ers the model assump tion of con stant pro por tional fer til ity and pro vi des a strin
gent test of the robust ness of the model.

The esti mated CFR tra jec tory in Figure 3 was cal cu lated under the cubic assump-
tion using Eq. (15). For each year t, a cubic curve was fit to TFR val ues for years  
t − 15, t − 5, t + 5, and t + 15, and the param e ters of that curve were used in Eq. (15). 
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The 30-year period was cho sen as it approx i ma tes both the length of a gen er a tion and 
the repro duc tive age span. Alternative spec i fi ca tions were con sid ered, but dif fer ences 
were mod est. The details are given in section G of the online appen dix, and alter na-
tive esti ma tes are shown in Appendix Table 1.

Figure 3 shows that the cubic esti mated CFR tracks the observed CFR quite well, 
although it is a bit closer to the cor re spond ing TFR. The larg est errors are dur ing the 
baby boom of the 1950s and the birth dearth of the 1970s, where the esti mated CFR 
still out per forms the TFR. The robust ness of the cubic CFR val ues to vio la tions of 
the con stant pro por tional fer til ity assump tion is quite strik ing. Appendix Tables 1 
and 2 show year-by-year and over all dif fer ences between the observed CFR and the 
dif fer ent esti ma tes. The lin ear or lagged TFR esti mate was off by 0.196. On a base of 
2, that is a per cent age error of 9.8%. The aver age dif fer ence from the Eq. (15) cubic 
esti ma tes was between 0.144 and 0.157, giv ing per cent age errors of 7.2% to 7.8%.

Equations (14) and (15) relate period total fer til ity to cohort total fer til ity, but those 
rela tion ships only par tially con strain age-specific fer til ity, allowing many pos si ble 
fer til ity sched ules. One rea son able way to cal cu late age-spe cific rates is by a nor mal 
curve param e ter i za tion, which only requires knowl edge of the mean and var i ance and 
is fully con sis tent with the der i va tion of Eq. (15). Approximating age-spe cific fer til ity 
by a nor mal curve ignores the typ i cal right-handed skew of the fer til ity rates but is a 
fre quent prac tice in demog ra phy (cf. Keyfitz 1977: chap ter 6).

Figure 4 shows observed age-spe cific fer til ity and the fer til ity rates esti mated from 
a nor mal curve param e ter i za tion for the United States for 1925, 1950, 1975, and 
2000. (Details of the method used are in section I of the online appen dix.) The fit of 
the esti ma tes is quite good for 1975, and so-so for the other three years, where the 
skew in the observed rates is more pro nounced. Thus plau si ble age-spe cific fer til ity 
rates can be esti mated, even though the rela tion ships derived here between the TFRs 
and the CFRs only loosely con strain the age curve of fer til ity.

To sum up, the model-based rela tion ships of Table 1 per form rea son ably well, 
even though the con stant fer til ity pro por tions assump tion is sub stan tially vio lated. 
Alternative choices in operationalizing the model make lit tle dif fer ence. Period fer-
til ity, espe cially when adjusted, con sis tently approx i ma tes the cohort fer til ity of U.S. 
women born 26–29 years ear lier.

Forward- and Back-Projecting Cohort Total Fertility

Now let us con sider whether the rela tion ships explored here can extend the CFR 
series, first fur ther into the future and then to ear lier cohorts. With Ap (2019) equal to 
29.62 years, TFR(2019) cor re sponds to the birth cohort of 1989–1990, while Table 3 
only pro vi des CFRs through the birth cohort of 1984.

One way to fur ther extend the CFR series is to com plete the expe ri ence of all  
active cohorts. The study of Bohk-Ewald et al. (2018) indi cates that sim ply assum ing 
that the age-spe cific birth rates of the lat est year con tinue to apply gen er ally yields 
quite good results. Table 3 uses 2019 expe ri ence in that way but, to min i mize error, 
only at ages above 35. Those ages account for only 19% of 2019 fer til ity, while ages 
30 and above account for 48% of 2019 fer til ity. Thus the assump tion that fer til ity 
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above age 30 remains con stant at 2019 lev els is much stron ger than the one used to 
cal cu late CFR val ues in Table 3.

A sec ond way to extend the series is by the lin ear assump tion of Eq. (5), which 
takes TFR(2019) alone as the esti mate of CFR(1989–1990). From the rela tion ships 
in Figure 3, that assump tion is a bit crude.

A third pos si bil ity is to use the cubic tra jec tory assump tion of Eq. (14) and 
esti mate CFRs up to the cohort of 1989–1990 using Eq. (15). That way appears 
prom is ing, but implementing it requires fit ting cubic curves to deter mine param-
e ters b and d. Formally, that can be done by using the last 30 years of TFR data, 
as described in section H of the online appen dix. Substantively, how ever, there is 
no escap ing the use of a cubic curve that extends the fer til ity series to 2034–2035, 
some 15 years beyond the last data point. Doing so places extraor di nary reli ance on 
the cubic assump tion.

Table 4 pres ents results from those three approaches for the years 2005–2019. 
Column 4—the Observed TFR based on fer til ity to at least age 35—gives the most 
reli able fig ures, but only goes to the cohort born in 1984. Comparing the fig ures in 
col umn 4 to the cor re spond ing TFR indi cates that the observed CFRs are from 0.10 
to 0.24 higher (see col umn 5).

Column 6 shows that the cubic projected CFRs increase to a max i mum of 2.076 
for the cohort of 1979, and then decline steadily to 1.599 for the cohort of 1989–1990. 
For the years 2005–2013, col umn 7 shows how those projected CFRs relate to the 

  

  

Fig. 4 Age-specific fertility proportions for the United States in 1925, 1950, 1975, and 2000, both observed 
(solid lines) and implied by observed fertility means and variances under a normal curve parameterization 
(dashed lines)
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observed CFRs in col umn 4. The cubic projected CFRs are uni formly higher, by 0.14 
to 0.31, and for the last three years of the com par i son are 0.3 larger. That sug gests that 
the cubic curve may be fall ing too rap idly.

In sum, while each has its lim i ta tions, the three approaches can offer a plau si-
ble range for CFRs through the birth cohort of 1989–1990. Cohort fer til ity is not 
likely to fall below 1.6, the cubic pro jec tion fig ure. Taking the 2019 TFR, the  
1989–1990 cohort will have a CFR of 1.7. However, the TFR series is about 0.2 
below the observed series in col umn 3, so com pleted fam ily size may be as high as 
1.9. In any case, within the likely range of 1.6 to 1.9, the CFR for the 1989–1990 
cohort will clearly be below replace ment and very likely the low est CFR in Amer i can 
his tory.

Similar issues arise in back pro jec tions to esti mate the fer til ity of ear lier cohorts 
(see section H of the online appen dix for details). To extend the cubic approx i ma-
tion back to cohorts born in 1888–1889, the cubic curve based on the years 1917, 
1927, 1937, and 1947 has to be extrap o lated back to 1887. The results are shown in 
Table 5. The cubic back-projected CFRs are given in col umn 5 and show a largely 
steady decline from 4.137 for the 1888–1889 cohort to 2.614 for the 1903 cohort. 
The dif fer ences from the CFRs reported in Heuser (1976), shown in col umn 6, reveal 
that the back-projected fig ures are uni formly larger, with dif fer ences greater than 0.7 
for the cohorts born from 1888–1889 through 1898. That very poor per for mance by 
the back pro jec tion reflects the dan gers involved in extrap o lat ing cubic curves. In 
con trast, col umn 7 shows that the lagged TFR val ues per form fairly well, with an 
aver age error of 0.18.

Table 4 Cubic and other pro jec tions of cohort fer til ity for U.S. cohorts born in 1977 through 1989–1990

Year (t)
(1)

Cohort (T)
(2)

Observed 
TFR(t)

(3)

Observed 
CFR(T)

(4)

Observed 
CFR(T) – 

TFR(t)
(5)

Cubic 
Projected 
CFR(T)

(6)

Observed – 
Projected 
CFR(T)

(7)

TFR(t) − 
Projected 
CFR(T)

(8)

2005 1977 2.057 2.234 0.177 2.024 0.216 0.033
2006 1978 2.108 2.243 0.135 2.070 0.173 0.038
2007 1979 2.120 2.221 0.101 2.076 0.145 0.044
2008 1980 2.072 2.183 0.111 2.022 0.161 0.050
2009 1981 2.002 2.154 0.152 1.946 0.208 0.056
2010 1981–1982 1.931 2.150 0.219 1.870 0.280 0.061
2011 1982–1983 1.894 2.134 0.240 1.828 0.305 0.066
2012 1983 1.880 2.122 0.242 1.809 0.313 0.071
2013 1984 1.858 2.081 0.223 1.782 0.299 0.076
2014 1985 1.862 1.782 0.080
2015 1986 1.844 1.758 0.086
2016 1987 1.820 1.730 0.090
2017 1987–1988 1.766 1.669 0.097
2018 1988–1989 1.730 1.629 0.101
2019 1989–1990 1.705 1.599 0.106

Source: See text and Section H in the online appen dix for fur ther details.
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Summary and Conclusions

The rela tion ship between period and cohort fer til ity has been a focus of demo graphic 
inter est since Ryder’s pioneering 1964 paper. Here, a new approach to relat ing those 
two per spec tives is devel oped, based on the assump tion of con stant age-spe cific fer-
til ity pro por tions. When the level of fer til ity fol lows a lin ear, qua dratic, or cubic 
tra jec tory, explicit rela tion ships, shown in Table 1, are found between period total 
fer til ity at time t and the total fer til ity of the cohort born at time T, where T = t − µ 
and µ is the con stant period mean age of fer til ity. Analogous rela tion ships are found 
for the period and cohort mean ages of fer til ity, and a sim ple rela tion ship unites both 
period and cohort total fer til ity with the aver age fer til ity of a year’s actively child-
bear ing cohorts.

These new rela tion ships between period and cohort total fer til ity are quite robust 
to depar tures from the assumed pat tern of con stant age-spe cific fer til ity pro por tions. 
That is evi dent when esti mated cohort total fer til ity is com pared to observed cohort 
total fer til ity for the United States in 1917–2019. U.S. fer til ity was at an all -time 
low of 1.705 in 2019, and the data show sub stan tial depar tures from the assumed 
fixed pro por tional fer til ity. Nonetheless, the the o ret i cally derived esti ma tes had errors 
aver ag ing only 7–8%.

Both period and cohort per spec tives illu mi nate fer til ity behav ior. Period total fer-
til ity is not a “dis tor tion” of cohort total fer til ity, but another man i fes ta tion of the 
same array of age- and time-spe cific fer til ity rates. As women bear chil dren over their 
life course in the light of their pre vi ous fer til ity, the heu ris tic appeal of the cohort con
cept is unde ni able. Nonetheless, peo ple live year by year, and those period con di tions 

Table 5 Linear and cubic back pro jec tions of cohort fer til ity for U.S. cohorts born in 1888–1889 through 
1903

Year (t)
(1)

Observed 
TFR(t)

(2)
Cohort (T)

(3)

Observed 
CFR(T)

(4)

Cubic 
Back-Projected 

CFR(T)
(5)

Projected – 
Observed 
CFR(T)

(6)

TFR(t) – 
Observed 
CFR(T)

(7)

1917 3.333 1888–1889 3.125 4.137 1.012 0.208
1918 3.312 1889–1890 3.090 4.055 0.965 0.222
1919 3.068 1890 3.072 3.788 0.716 −0.004
1920 3.263 1891–1892 3.008 3.941 0.933 0.255
1921 3.326 1892–1893 2.960 3.962 1.002 0.366
1922 3.109 1893–1894 2.909 3.704 0.795 0.200
1923 3.101 1894–1895 2.856 3.654 0.798 0.245
1924 3.121 1895–1896 2.802 3.632 0.830 0.319
1925 3.012 1897 2.718 3.481 0.763 0.294
1926 2.901 1898 2.672 3.328 0.656 0.229
1927 2.824 1899 2.635 3.207 0.572 0.189
1928 2.660 1900 2.583 2.998 0.415 0.077
1929 2.532 1901 2.525 2.826 0.301 0.007
1930 2.532 1902 2.477 2.786 0.309 0.055
1931 2.402 1903 2.442 2.614 0.172 −0.040

Source: See text and Section H in the online appen dix for fur ther details.
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influ ence both short-term and long-term behav ior. What emerges from the pres ent 
anal y sis is a fuller appre ci a tion of the close rela tion ship between period and cohort 
fer til ity. The two per spec tives are com ple men tary, and both con trib ute to our under-
stand ing of pop u la tion fer til ity. ■
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