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Age Patterns of Marriage* 
ANSLEY J. COALE 

From the earliest studies of death records in Graunt's Observations Made Upon the Bills of Mortality 
demographers have tried to find regularities in the age patterns of death rates. Makeham, Gompertz 
and others looked for mathematical formulae to represent what they hoped were universal laws 
of mortality; recently regularities in the age patterns of human mortality have been embodied in 
model life tables. These tables, incorporating empirical associations among mortality rates at 
different ages, are now widely used in research, in making population projections, and so on. 

Attempts to find laws of fertility and to construct model schedules of fertility have been less 
frequent and less successful. Still less attention has been given to the age pattern of marriage. 
Yet, as will be shown in this paper, there are precisely defined age patterns of nuptiality, readily 
approximated by a simple mathematical expression, that are followed very closely indeed in 
populations under widely different social conditions - for example, western European populations 
before, during, and after the revolution in nuptiality that occurred since just before World War II. 

The existence of common age patterns of marriage was discovered as a by-product of research 
on the historic decline of marital fertility in Europe now being conducted at the Office of Population 
Research. In the course of this research we needed to estimate the distribution of women by age 
and marital status in instances where the relevant cross tabulations of census data were non-existent 
or insufficiently detailed. We were thus drawn to examine age patterns of the marital status dis- 
tribution of women in different populations in the hope of finding regularities that might be useful 
in preparing estimates. 

UNIFORMITY IN THE AGE PATTERN OF PROPORTIONS EVER-MARRIED 

An examination of the rising curve of proportions of women ever-married by single years of age 
in a number of European populations in the late nineteenth and early twentieth centuries (when 
within each population age at marriage and proportions ultimately marrying were generally stable) 
suggested that in these populations the curves were essentially the same in structure, differing only 
in the age at which marriage began, the rate at which marriage increased, and the ultimate pro- 
portion ever-married - differing, in other words, in origin, horizontal scale, and vertical scale, but 
with the same functional form. 

Fig. I shows a pair of curves (for Netherlands, I859, and Germany, I9IO) selected from eight 
schedules of proportions ever-married calculated for populations in Western Europe before World 
War I. (The others examined were Sweden, I890, Denmark, I890 and I9II, Norway, I876, and 
Belgium, I846 and I9IO.) In Fig. 2 the two curves in Fig. i are re-drawn with a common starting 
point, with a vertical scale for each adjusted by a multiple that makes the proportion ever-married 
at advanced ages equal to I % and with a horizontal scale chosen so that the average rate of rise 
for the two curves is about the same. (See the Appendix for the method of determining origin 

* The ideas summarized in this paper have emerged over a period of several years in conversations between the 
author and others at the Office of Population Research, especially Ivan Lakos and Etienne van de Walle. Professor 
Lakos, Chairman of the Department of Economics at Antioch College, devoted the academic year of I968-69 to 
research and study in demography at Princeton. Among his projects was the estimation of age-and-marital-status 
distributions from incomplete data, and it was in connection with his work that the existence of a standard pattern 
of nuptiality was first noted. Dr. van de Walle's estimations of age-and-marital-status distributions in nineteenth- 
century France helped develop some of the techniques described below. 
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FIGURE I. Proportion ever-married,, Netherlands:, I859, and Germany, I910 

and scales.) Note that although origin and scale have been altered for each schedule, the points 
plotted in Fig. 2 are a graph of exactly the same individual proportions ever-married plotted in Fig. I . 
The two curves in Fig. 2 are certainly very much alike. The data on the other six pre-World War I 
western European populatilons form a cluster of v'irtually identical first-marriage frequencies when 
drawn from a common or'igin and with appropriately chosen horizontal and vertical scales. 

The startling conformity of these linearly transformed schedules of proportions ever-married 
suggests the existence of some sort of law govrerning the ages at which first marriages occur. 
However,, the data examined relat'ing to this po'int are from populations subj'ect to what Hajnal calls 
the European pattern of marriage - a pattern of marriage that occurs late relative to most human 
experience., a pattern in which the proportions rema'in'ing permanently single are high.' 

0.9 

w~~~~~ 

3 0.8 _ 

o / 

0.7_X 
> 06-/ NETHERLANDS, 1859 

w~~~~ 
0 o5 A j GER MANY, 1910 
2= 0.4 - 
ao02 / 

ar- 0.2 _ } 
0.1 / 

1 5 10 15 20 25 30 35 5 
STANDARDIZED AGE 

FIGURE 2. Proportions ever-married, adjusted scale and ongin, Netherlands, I859, and Germany, 1910 

I J. Hajnal, 'European marriage patterns in perspective', in D. V. Glass and D. E. C. Eversley (Eds.), Population 
in History (London, i964). 
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A natural question is whether the common structure (subject to choice of scale and origin) 

found in western Europe also characterizes proportions ever-married in populations where first- 
marriage occurs earlier and is more nearly universal. The requisite schedules of proportions ever- 
married by single years of age are not easily found, because conformity to a standard pattern is 
logically characteristic of the cumulative first-marriage experience of a cohort of women as they 
move through life, rather than of a cross-section - a population in which cumulative first-marriage 
experience is recorded at a given moment of time for different women at each age. However, when 
nuptiality customs are stable, the marital status distribution by age of a population resembles that 
of any of the different cohorts constituting the population. Therefore, to determine whether the 
pattern of proportions ever-married by age found in turn-of-the-century west European popula- 
tions also characterizes populations with earlier and more universal marriage, we needed to find 
data on marital status either for cohorts, or for cross-sections when nuptiality had been stable, or 
nearly so. Three additional schedules of proportions ever-married by age are shown (together 
with the two already examined) in Fig. 3. The U.S. schedule for I930 was chosen because pro- 
portions ever-married by age in the United States had changed only slightly since I890 (the first 
census to record marital status); the Hungarian schedule for I960 was chosen because in Hungary a 
pattern of early marriage had been followed since the late nineteenth century at least, (nevertheless 
an imperfect choice because there had been disturbances in nuptiality during World War II and 
in the late I950's); the Taiwanese schedule was chosen because of the extraordinary accuracy of the 
censuses in Taiwan, and the very early marriage in the Taiwanese population. There were moderate 
changes in nuptiality from I9I5 to I935, as shown in Table i. Data on marital status by single years 
of age were available to us only for the censuses of I9I5, I920 and I935. If the three cross-sections 
are plotted separately, each shows moderate deviations from the other two over a range of ages, 
reflecting the typical difference between cohorts and cross-sections when nuptiality is not constant. 
The closest approach to cohort nuptiality is obtained by taking the average of the proportion ever- 
married in the three censuses. 

TABLE I. Per cent single among females in Taiwan, five-year age intervals, I9I5-I940 

I9I5 I920 I930 I935 I940 

I5-I9 65-292 67-2I8 67 387 71.88I 70,472 
20-24 I2-6I5 I3-368 I3,709 I7048 I5,595 
25-29 3,355 3.064 3-866 4o80 4.072 
30-34 I 465 I5I5 2-003 2-302 1657 
35-39 o883 I0OOO II94 IP590 i-i88 
40-44 o605 0o723 0-756 I-094 o084I 
45-49 0o487 0584 o637 0 735 0o6I7 
50-54 0-298 o.358 0.525 0o764 0.432 
55-59 0-204 0'22I 0 592 I>003 o508 

SOURCE: Report of the Seventh Population Census of Taiwan, 1940, Table I4, pp. 58-59. Bureau of Accounting and 
Statistics, Provincial Government of Taiwan. March I953. 

In Fig. 4 the two original and the three additional schedules of proportions ever-married are 
plotted, using a common origin and individual horizontal and vertical scales chosen, as before, 
to yield the same proportions ultimately ever-married, and the same average pace of increase in 
proportions. The conformity of the additional schedules is remarkable. Note that the dip originally 
at age 30 in the United States (surely the effect of less 'age heaping' at 30 among the married) is the 
most deviant point. It is clear from Fig. 4 that the common age pattern of proportions ever-married 
that characterized western European populations in the nineteenth and early twentieth centuries 
is also characteristic of non-European populations with very different marriage customs. 
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FIGURE 3. Proportions ever-married, selected populations 

1.0 
a 0.9 - 
iE 0.8'p (NETHERLANDS, 1859 = 0.8 
a 0.7 - GERMANY, 1910 
,0.6 
o 0.5 , o HUNGARY, 1960 
P 0.4 -ATAIWAN,1915,1920,1935 (AVG) 
? 0.3 oUSA,1930 
?0.2 - 

0.1 . 

0 5 10 15 20 25 30 35 40 
STANDARDIZED AGE 

FIGURE 4. Proportions ever-married, adjusted scale and origin selected populations 

UNIFORMITY OF THE AGE PATTERN OF FIRST-MARRIAGE FREQUENCIES 

If frequency of first marriage is defined as the number of first marriages in an age interval divided 
by the number of women (regardless of marital status) in the interval, it follows that the cumulation 
of first-marriage frequencies from the earliest age of marriage to a given age is (in a closed cohort) 
the proportion ever-married at the given age.2 Therefore, the existence of a common pattern of 
proportions ever-married by age in different populations implies that there is a common pattern of 
first-marriage frequencies in these populations. Specifically, first-marriage frequency curves for 
different populations should differ only in origin, horizontal scale and total area (or vertical scale). 

2 This relation is exact only if the ever-married and the single populations are subject to the same probabilities of 
survival. Trial calculations show that the effect of differential mortality on the proportion ever-married is small, 
at least until age 50. See J. Hajnal, 'Age at marriage and proportions marrying', Population Studies, 7, 2, November 
1953, pp. 111-136. 
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Cumulation diminishes the influence of small differences and irregularities, so that a comparison 
of first-marriage frequencies is a more sensitive test of the similarity of structure of nuptiality in 
different populations than a comparison of proportions ever-married. 

The relation between first-marriage frequencies and proportion ever-married logically applies 
to a cohort, and need not hold at all for a population at a moment of time. In fact, when the incidence 
of marriage is increasing, it is not uncommon for the proportion ever-married to be substantially 
greater at a particular age than at a more advanced one, a relation that would be impossible in a 
cohort. Moreover, calculations for Sweden show, as a matter of empirical fact, that first-marriage 
frequencies in cohorts conform more closely to a common pattern than first-marriage frequencies 
for cross-sections. 
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FIGURE 5. First-marriage frequency (first marriages per thousand women) by single years of age, selected 
populations 

It would be preferable, then, to examine the age pattern of first-marriage frequencies in 
cohorts drawn from a number of populations. However, reliable data on first-marriage frequencies 
by single years of age for cohorts are scarce. Our first test of the age pattern of marriage frequencies 
is consequently based on a somewhat unsatisfactory collection of examples: the cohort of women 
who were aged I5 in 19I5 in Taiwan, the Australian cohort aged I5 in I944, and two cross-sections - 
the Swedish population in I90I-Io, and the Hungarian population in i96o-6i. The schedules are 
depicted in Fig. 5. The Swedish schedule was included as typical of first-marriage frequencies in a 
population with the west European pattern of late marriage, and the Hungarian schedule as an 
accurate record with relatively early marriage. In Sweden before World War I marriage schedules 
were quite stable so that a cross-sectional schedule is adequately representative of cohort experience. 
The Hungarian schedule is less satisfactory from this point of view. The first-marriage frequencies 
shown from Taiwan are taken from the population register, which has a reputation for remarkable 
completeness and accuracy. However, the registration of marriages was not complete as we know 
from the recording of married women in the Census of I935: women whose marriages had not been 
registered were recorded in a separate column, and nearly 5% of the total had unregistered 
marriages. The dip in first marriages at age i8 evident in Fig. 5 is possibly the effect of delayed 
registration. Nevertheless, the Taiwanese data were the best records we found of first-marriage 
frequencies by single years of age in a population with such early marriage. 

The data for the cohort in Australia incorporate not only the post-war marriage boom but are 
also affected by a very substantial gain in the size of the cohort through in-migration. In all, the 
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schedules shown in Fig. 5 are based on less than ideal statistics, but they are at least quite diverse. 
It is thus surprising to find that by choice of starting point, vertical and horizontal scale, these 
curves can be brought as nearly in line as they are in Fig. 6. The approximate conformity to a 
common pattern occurs in spite of the profound differences among the populations whose first- 
marriage frequencies are recorded. In the Swedish population, about 25 % of women remain 
single at age 50; in Taiwan the proportion remaining single was less than I %. 

The first-marriage frequencies experienced by a series of Swedish cohorts from early in the 
century to after World War II provide our next test. In Fig. 7 the recorded first-marriage fre- 
quencies are plotted, and in Fig. 8 the same data are shown when each curve is drawn from the 
same origin, with appropriately chosen horizontal and vertical scales for each curve. Again, the 
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closeness of fit is surprising. The unadjusted first-marriage frequencies clearly delineate a revolution 
in nuptiality in Sweden. The later cohorts married at an earlier age and the first-marriage fre- 
quencies cumulate to a proportion ever-married of over go90 rather than only some 7500 at the 
beginning of the century. Yet, aside from distortions under extreme circumstances, such as a dip in 
marriages that occurred in the early I930's, the first-marriage frequencies of the different cohorts 
follow a very similar pattern when adjusted to a common scale and starting point. 

' 90- 1901- 1910 
5 YEAR AVERAGES 1920 -- 

38O , CENTERED ON COHORTS g S1930 
g70 AGED 17 YEARS: 11940. 
? 60 -d950 

ow,50 - / \ 

20 
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FIGURE 8. First-marriage frequency, adjusted scale and origin, selected cohorts in Sweden 

AN IDEALIZED CURVE OF FIRST-MARRIAGE FREQUENCIES, OF PROPORTIONS EVER-MARRIED 
BY AGE, AND OF PERSON-YEARS LIVED IN THE EVER-MARRIED STATE 

When the existence of a common pattern of first-marriage frequencies was first noticed, it seemed 
advantageous for various purposes to construct a curve that best represents the common pattern - a 
'standard form' that might serve as a basis for various kinds of estimation and computation. The 
'standard' was based on first-marriage frequencies recorded in Sweden in 1965-69. These recorded 
frequencies were first subjected to minor adjustments to remove irregularities that were evident 
upon the calculation of first differences. When this slightly modified curve was compared with 
the first-marriage frequencies in subsequent Swedish cohorts, it was found that first-marriage 
frequencies above age 35 had been uncharacteristically low in I865-69 in Sweden. A moderate 
upward adjustment in the marriage rates was made at these ages. By curvilinear interpolation within 
single years of age, the resultant standard curve has been calculated at intervals of hundredths of a 
year, and cumulated (integrated) from the origin to each age to provide a standard curve of pro- 
portions ever-married by age, then integrated a second time to provide a standard curve of person- 
years lived in the ever-married state by a hypothetical cohort not subject to mortality. The last 
function was calculated to provide a means for determining the proportion ever-married in various 
age-intervals by subtraction of the person-years lived ever-married at the beginning of the interval 
from the person-years lived ever-married at the end. 

Table 2 presents values of the standard first-marriage frequencies at intervals of one-tenth of 
the year. Table 3 gives values of the proportions ever-married according to the standard schedule, 
and Table 4 values of the person-years lived ever-married by a hypothetical cohort not subject to 
mortality. The curves are adjusted to a vertical scale that yields i00% ever-married by the end 
of life. 
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A STANDARD SCHEDULE OF THE RISK OF FIRST MARRIAGE 

The most puzzling feature of the common pattern of first-marriage frequencies is its very prevalence. 
We have seen evidence of the same basic curve of first marriages in cohorts that marry early and 
cohorts that marry late, in cohorts in which marriage is virtually universal, and in cohorts in which 
one-quarter remain single. Moreover, the uniform age structure of nuptiality occurs in societies in 
which most marriages are arranged by families with little regard for the preference of bride and 
groom, and in societies in which marriages typically result from the self-selection of mutually 
preferred partners. 

A natural step in considering what might account for the puzzling conformity of first-marriage 
frequencies and proportions ever-married to standard patterns is to examine how the risk of marriage 
evolves with age in the cohorts that exhibit such conformity. The risk of marriage may be defined 
as the rate of first marriage at each age of persons eligible for first marriage (those still single). 

It is obvious that cohorts experiencing a common pattern of first-marriage frequency (relative 
to all women at each age, not just the single) would also experience a common pattern of risk of 
marriage (as just defined) only if different cohorts had the same proportion single at higher ages 
(as first-marriage frequency approaches zero). But such is conspicuously not the case. In Taiwan 
before World War II first marriage was almost universal (over 99% ever-married by age 50), 
and in turn-of-the-century Sweden a substantial fraction (about 25 %) remained unmarried. Thus 
the common pattern of first-marriage frequencies combined with different proportions remaining 
single implies very different patterns of risk of marriage especially at the later ages of marriage. 
Rates of first marriage are usually calculated and published in the form of risks relative to the single 
population. This practice has, I suspect, prevented general notice of the common pattern of 
nuptiality.3 

It is indeed mystifying that the presence of a large reservoir of women remaining single in 
Sweden did not produce a pattern of first-marriage frequencies essentially different from the 
pattern in Taiwan. It is as if those destined to remain unmarried had been designated at birth as 
ineligible, and the experience of the remainder - those fated for marriage - was unaffected by 
their existence. 

If a cohort were divided into the two groups just suggested - into a group all of whom marry 
(if they survive to old age), and a group none of whom marry - the risk of marriage of the eligible 
group would follow a standard pattern, defined as the standard first-marriage frequency at each 
age divided by the standard proportion single or one minus the standard proportion ever-married. 
(The standard schedules, as tabulated, imply that the proportion ever-married approaches i-o as 
first-marriage frequency approaches zero.) Thus the standard first-marriage frequency at each age 
in Table 2 divided by one minus the proportion ever-married in Table 3 may be considered as the 
standard risk of marriage at each age of the single persons destined ever to marry. The values 
calculated in this way are shown in Fig. 9. Note that the standard risk of marriage rises monotonic- 
ally for the first 22 years after the earliest age at marriage, appearing from I4 to 22 to approach a 
horizontal asymptote, but thereafter follows an erratic further upward course. However, the 
values of the calculated standard first-marriage frequencies beyond 22 years from the origin are of 
dubious validity because (a) the later risks of marriage are sensitive to errors in the cumulated values 
of first-marriage frequencies; the proportion remaining single (the denominator of the 'risk') 
22 years after the origin in the standard schedule in only 0-07i and only 0-026 after 28 years; and 
(b) the first-marriage frequencies at the higher ages in the standard schedules are derived by some- 
what arbitrary adjustments of cross-sectional data. The standard risk of marriage may thus be 
characterized as steadily rising from zero at the earliest age of marriage to an approximately constant 

3 Gosta Carlsson has independently noted that first-marriage frequencies 'beyond the peak value' in Sweden 
would imply a constant risk of marriage among those ever-marrying. G. Carlsson, 'Marriage rates as social indicators'. 
In: The Scandinavian Demographic Society, The Second Scandinavian Demographic Symposium (Stockholm, 1970), 
pp. 49-64. 
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maximum value when most of the cohort who will ever marry have married. The risk of marriage 
is near a constant maximum from about the i4th year of marriage on the standard scale, until, at 
higher ages, its value is uncertain. 

A little trial-and-error calculation showed that the standard risk of marriage is very closely 
fitted indeed by a double exponential curve, r8(x) =0I74 e-.411 e -30x. The fit of this function 
to the standard values derived from adjusted Swedish data is seen in Fig. 9. For a cohort in which 
marriages begin at age ao, and for whom the time scale of marriage is compressed by a factor k, 
the risk of marriage r(a) among those who ever marry is r(a) = (oi74/k) e-4*41 e-(009/k)(ai-k)e 
When nuptiality is compressed within a short span, first-marriage risks rise more quickly to a higher 
value. Fig. io shows first-marriage risks calculated from the double exponential for Taiwan (cohort 
aged i5 in I9I5) and Sweden (I9OI-IO). The values of ao and k are I3-2 and o048, and i6'5 and 
o-89 respectively. 
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FIGURE 9. Standard risk of first marriage derived from Swedish data, I965-69, and fitted by double 
exponential 

The risk of first marriage in any cohort can be summarized as follows: (i) There is a 
convention that effectively prevents first marriage in the cohort before a minimum age defined by 
law, religion, or custom. (2) A fraction of the cohort is not in the marriage pool, because of such 
forces as the relative numbers of men and women when members of the cohort marry, restrictions 
on marriage, including the provision of a dowry, and traditions of celibacy. (3) The portion of the 
cohort in the marriage pool experiences a risk of marriage that rises from zero at the conventionally 
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FIGURE i10. Risk of first marriage for two populations (fitted by double exponentials) 

defined minimum age to a maximum risk that is maintained until the last marriages that occur to 
the cohort. (4) The more rapid the rise in the risk of marriage the higher the maximum risk. 
The curve is a double exponentiai given above. 

Nuptiality in Taiwan prior to World War II was characterized by an early start, a rapid rise 
to a high maximum risk of marriage, and nearly ioo% participation in the marriage pool. Nuptiality 
in Sweden prior to World War I was characterized by a later start, a gradual rise in the risk of 
marriage to a moderate maximum, and far from complete participation in marriage. The relation 
between a swift rise in the risk of marriage and a high maximum risk is inherent in conformity to 
the standard pattern; the tendency for a rapid rise and a high maximum to be associated with an 
early start and a high proportion participating is common but not universal in the recorded 
experience we have examined. 

SIGNIFICANCE OF THE SIMILARITY OF FIRST-MARRIAGE SCHEDULES 

In this article I will attempt only to mention some of the implications and practical uses of the 
discovery that first-marriage frequencies follow a similar pattern under widely different circum- 
stances. More extensive development of these ideas will appear in subsequent publications by the 
author and his colleagues at the Office of Population Research. 

p 
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Reconstitution of female populations by age and marital status 

The existence of a standard form of first-marriage frequencies (and hence of proportions ever 
married) means that the first-marriage experience of a cohort can be expressed by three numbers 
(parameters): the origin of the curve (aO-approximately the earliest age of a significant number of 
first marriages), the proportion ever-married when first marriages have effectively ceased (C), and 
the time-scale (short or long) according to which nuptiality occurs. The time-scale can be expressed 
as the time scale of the 'standard' curve times k; k is the requisite third parameter. (If the interval 
between the origin and the mode of the standard curve is x years, for another curve the interval 
is kx.) Since only three parameters need to be determined, the estimation of first-marriage frequen- 
cies and of proportions ever married by any desired age intervals can sometimes be based on data 
classified only by broad categories. For example, from data on population classified by age (but 
not marital status) and by marital status (but not age), together with data on deaths similarly 
classified, it is possible to estimate the proportion ever married by age. (Such limited data exist 
for Sweden prior to I870.) 

Etienne van de Walle has made extensive use of standard nuptiality schedules in an ambitious 
reconstitution of the female population of the 96 ddpartements of France from I83I to igoi by age 
and marital status. In making estimates for after I85I he is able to use marriages by age in estimating 
the needed parameters; for the earlier years he is restricted to cruder data.4 

ESTIMATION OF FUTURE MARRIAGES FOR COHORTS WHOSE FIRST MARRIAGES 
HAVE ALREADY BEGUN 

At a time when a cohort has achieved some 60% or more of its ultimate proportion ever-married - 
has progressed just beyond the modal years of marriage - the first marriages still to be experienced 
can be estimated by determining the three parameters on the basis of marital experience to the given 
point, and using a standard schedule characterized by these parameters for the marriages still to 
come. The evolution of parameters from cohort to cohort provides a rational way of recording (and 
extrapolating) trends in nuptiality. 

THE AGE PATTERN OF NUPTIALITY AND THE AGE PATTERN OF FERTILITY 

The age-specific fertility schedule of any population can be factored into two components: the 
proportion of women at each age living in a sexual union, and the fertility at each age of cohabiting 
women. Thusf(a) = C(a) . m(a), wheref(a) is the proportion of women at age a experiencing a live 
birth, C(a) is the proportion cohabiting among women at age a, and m(a) is the proportion of 
cohabiting women experiencing a live birth. In many populations fruitful cohabitation is almost 
wholly limited to married women. In such populations C(a) is virtually identical with the proportion 
currently married; and m(a) with marital fertility. C(a) in turn is the proportion ever-married minus 
the proportion currently widowed or divorced. The proportion widowed and divorced is usually 
very small until ages beyond 30; the proportion divorced in a cohort often follows a rising straight 
line from about age 20 to 50; the proportion widowed in a cohort can be roughly approximated 
to age 50 by the appropriate multiple of a standard curve of widowhood. The most important 
element causing differences in C(a) below age 50 in cohorts in different times and places is usually 
the age pattern of proportions ever-married. 

The age pattern of marital fertility (above age 20; marital fertility below 20 iS often influenced 
strongly by the frequency of pre-marital conceptions leading to marriage) follows a strongly 

4The French censuses in fact published tabulations by age and marital status beginning in I85I, but in some 
years the figures are characterized by erratic and extensive errors, so that reconstitution is still needed to provide 
usable data. 
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typical pattern, called 'natural fertility' by Louis Henry, in populations in which deliberate birth 
control is not practised.5 I have found that there is a typical age pattern of the departure of marital 
fertility from the pattern of natural fertility, as follows: Let n(a) be 'natural' fertility (above age 20) 
and m(a) be marital fertility. There is a function v(a) expressing the typical age pattern of the effect 
of the voluntary control of fertility, such that m(a) = M. n(a) em v(a). M is the ratio of marital 
fertility at an early age (say 20-24) to fertility at that age in the schedule representing natural 
fertility, and m is a factor expressing the degree to which m(a) departs from the pattern of natural 
fertility. Values of v(a) are as follows, when n(a) is taken as the marital fertility of the Hutterites, 
I92I-30, one of the highest marital fertility schedules on reliable record: 

Age 20-24 25-29 30-34 35-39 40-45 45-49 

v(a) 0o000 -0-252 -o-623 -I 094 - IP5I9 -2 437 

The calculation of v(a) required a preliminary set of calculations in which M was set equal 
to the ratio of marital fertility at ages 20-24 in a given population to that of the Hutterites, and 
m was set at i-o. Then an individual set of values of v(a) - say vi(a) - was calculated for each of 
43 schedules of marital fertility selected from those listed in the UN Demographic Yearbook for 
I965. Schedules were omitted when the quality of the data was suspect. The value of v(a) at each 
age tabulated above is the arithmetical mean of the 43 values of vi(a). For most populations a 
constant value of m in M. n(a) em-v(a) gives a satisfactory approximation of m(a). 

The approximation m(a) = M. n(a) em.V(a) expresses marital fertility in terms of two para- 
meters: M, the ratio of fertility at ages 20-24 to that of the Hutterites, and m, the extent to which 
control of fertility causes a systematic deviation from the age pattern of natural fertility. If m=o 
the resultant schedule is simply a constant multiple at every age of 'natural' fertility (represented 
by the Hutterite schedule); if m = I the schedule deviates from natural fertility to an extent that 
is the average degree of deviation of 43 schedules in the early I960's; if m is very large the schedule 
has very rapidly diminishing ratios of fertility relative to the Hutterite schedule as age increases. 
Only the second of the parameters (m) affects the age structure of fertility; the other (M) only helps 
determine the level of fertility. 

When fertility among the non-married is low enough to be statistically negligible, the age 
structure of fertility depends essentially on how proportions married vary with age, and on a 
parameter expressing the degree to which marital fertility departs from the age pattern of natural 
fertility. The dominant influence of nuptiality is on the rising portion of the fertility schedule - the 
crucial element being the age at which marriage begins (ao), and the degree to which marriages are 
concentrated (k). The descending portion of the schedule is dominated by m, or the degree to which 
marital fertility is altered from the age structure of 'natural' fertility. These dominant influences 
are modified by variations in widowhood and divorce, and by failure of M. n(a) em.v(a) to be an 
accurate representation of marital fertility. But the modifications are not usually large. 

The age-specific fertility schedules of two populations are shown in Fig. ii together with 
schedules fitted by assuming (i) that first-marriages follow the standard pattern, (2) that proportions 
widowed and divorced to age 50 can be represented as the simple multiple of a single curve, (3) that 
marital fertility can be represented as M. n(a) emv (a), and (4) that illegitimate fertility is negligible. 
One schedule (Hungary, i965) represents the combined effect of early marriage and a very high 
degree of control; the other (Ireland, I96I) a combination of late marriage and fertility differing 
only moderately from natural fertility. The synthetic estimates reproduce the actual differences in 
the schedules more than adequately. 

-'Louis Henry, 'Some data on natural fertility', Eugenics Quarterly, 8, I96I, pp. 8I-9I. 
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A. PROPORTION OF WOMEN B. MARITAL FERTILITY IN 
IN EACH AGE INTERVAL EACH AGE INTERVAL 
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FIGURE i i. Estimation of age-specific fertility and its components (proportion married and marital 
fertility), Hungary, I965, and Ireland, I96I 

NOTES: The estimation of proportions married in iiA is based on determining k, ao and C as outlined in the 
Appendix, and estimating proportions widowed and divorced as a constant times the schedule of pro- 
portions widowed and divorced in France in I896. The constant is the proportion widowed and divorced 
in the given population at ages 40-44 divided by the corresponding proportion for France. 
Hungary, I965: k= 0469, ao= I5-75, C=00935, proportion widowed and divorced at 40-44=0009I. 
Ireland, I96I: k=O-754, ao= I71i6, C=0-782, proportion widowed and divorced at 40-44=*0034. 
The estimation of marital fertility in IiB is based on m(a)=M . n(a) e-(a), where v(a) has the values 
given in the text, m(a) is the marital fertility of the Hutterites (o0550, 0-502, 0-447, 0o406, 0-222, o-o6I, 
at ages 20-24 to 45-49), M is the ratio of fertility at 20-24 to that of the Hutterites, and m is a factor (the 
'degree of control') determining the steepness of the decline of marital fertility, or more exactly, the extent 
to which a modification of pattern of the form v(a) occurs. The value of m is the average of the values 
that would yield the observed m(a) at 30-34 and 35-39. Marital fertility at ages I5-I9 is taken as I.49 times 
marital fertility at ages 20-24 - the mean value for European countries listed in Table 25 of the UN 
Demographic Yearbook for I965. For Hungary, I965, m= I97; for Ireland, I96I, m=0s465. The effect 
of illegitimate births on the age pattern of fertility is ignored. 

SOURCES: For Ireland, UN Demographic Yearbook, I963 and I965. 
For Hungary, K6zponti Statisztikai Hivatal, Demografiai Evkonyo, I965. 
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APPENDIX 

Fitting the standard schedule of first-marriage frequencies to empirical data; determining the origin, the vertical 
scale, and the horizontal scale relative to the standard 
The standard schedule of first-marriage frequencies is presented in Tables 2, 3 and 4 (as marriage 
frequencies, proportions ever-married, and person-years lived ever-married). The ages serving as the 
basis of the tabulations run from zero to 39 9 years. The origin is not at birth, and hence 'age' is not ordinary 
chronological age. The origin is the earliest age of marriage, and 'age' is chronological age less this value. 

Let (xs) be age on the standard scale, gs(xs) be standard first-marriage frequency at age xs, GS(xS) the 
standard proportion ever-married at age x,, and Zj(xs) the average number of person-years lived ever- 
married at age xs in a cohort not subject to mortality. 

G,(xs/)=f gs(xs)dxs and Zs(xs')== J Gs(xs)dxs. 
0 o 

Now suppose there is a cohort subject to a schedule of first-marriage frequencies of the standard form, 
with an origin ao, a proportion ultimately ever-married C (rather than I-o), and a horizontal scale k times 
the standard. Thus the distance from the origin to age a is k times xs, or a - aO kxs; hence 

a - aO 
XS= - k 

The proportion ever-married at age a is 

G(a)-= C. gb 
(a - ao) 

The 'annual' rate of marriages at age a (annual on the time scale of xs) is 

gs 
(a - ao) 

k 
But one year on the xs scale is k years for the given cohort, hence 

g(a)= Gs 
(a - ao) 

k k 
Similarly 

Z(a) = C . kZs (a-ao) 
k 

Estimating nuptiality from the standard tables when ao, k and C are knozwn 
It follows from the relations given in the preceding paragraph that first-marriage frequencies and 

proportions ever-married can readily be estimated from Tables 2, 3 and 4 for any desired age intervals, 
once ao, k and C are known. For example, if first-marriage frequencies are desired for a cohort in which ao 
is I5-8, k=o 62 and C=oo9i, the following table is calculated: 

(I (2)* (3) (4) 
(Differences in 

a a-ao 
_=XS G8(xs) CGs(xs) Column (3)) 

k divided by 5-0 

20 6.77 02478 0-2255 0-045 I 
25 I4-84 0-76iI o-6926 o 0934 
30 22-90 0o9389 o8544 0-0324 
35 30'97 o9860 o.8973 ooo86 
40 39'03 09993 09094 0-0024 
45 4710 II0000 O-9I00 OOOOI 
50 551i6 IP0000 O9I00 0-0000 

* Interpolated from Table 3. 
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Column (3) yields estimated proportions ever-married at the ages in the stub of the table, and 
Column (4) estimated average first-marriage frequencies for the age intervals I5-20, 20-25, etc. To 
estimate proportions ever-married by five-year intervals for the same cohort, one would enter Zs(xs) in 
Column (2), C. k . Z8(x,) in Column (3), and Column (4) would then yield the desired estimates. 

Determining the values of ao, k and C 
The fit of the standard schedules to the nuptiality of an actual cohort is, of course, only approximate. 

It is desirable to have a procedure that determines a set of parameters insuring a close fit to the whole 
experience of the cohort from data in conventionally tabulated form. The method of determining para- 
meters proposed here is based on two sets of ratios, one or the other of which can usually be calculated. 
One set of ratios (designated R1, R2 and R3 in Table IA) is the proportion ever-married in the first five-year 
age interval in which marriages occur to the proportion ever-married in the second five-year interval, etc. 
To define the ratios more succinctly: if ao lies between I5 and 20, R1 is (proportion ever-married (I5-20))/ 
(proportion ever-married (20-25)), R2 is (proportion ever-married (20-25))/(proportion ever-married 
25-30)), etc. If ao falls between io and I5, R1 is (proportion' ever-married (Io-I5))/(proportion ever- 
married (I5-20)). A given value of any of these ratios (R1, R2 and R3) can occur with different combinations 
of k and ao, but if two ratios (e.g. R1 and R2) are specified, only one combination of k and ao is possible. 
Hence k and ao can be estimated by locating (through interpolation in Table IA) the values that would 
yield the observed R1 and R2, or the observed R2 and R3. If the experience of the cohort were perfectly 
consistent with a transformed standard curve, the values of k and ao, indicated by R1 and R2, and by 
R2 and R3, would be the same. A perfect fit is rare; the recommended procedure is to combine R2 with R, 
if R1 > (i - R3), and with R3 if (i - R3) > R1. 

For example, suppose values of R1, R2 and R3 of o io8, 0o530 and o828, when R1 is (ever-married 
(I5-IO))/(ever-married (20-24)). By the recommended procedure, k and ao will be estimated from R2 and R3. 
One method of interpolation is as follows: for one value of ao find a value of k (by linear interpolation) that 
gives the correct R3 and an R2 that is too small; for another value of ao find a k that gives the correct 
R3 and an R2 that is too large; by linear interpolation of both k and ao between these two points estimate 
values of the parameters yielding correct R3 and R2. In this example, the combination of k=0o802 and 
a0=O05O would give R2=0'524, R3=o828, and k=o-845, ao=oo would give R2=542, R3=0o828. 
The final estimate would be one-third of the way between these points, or k=o i86, ao=0o33. The first 
age group is I5-I9, so that the final estimate of ao is I5-33 years. 

The value of C (proportion ultimately ever-married) is estimated by determining the person-years 
lived ever-married at the beginning and end of the third five-year age interval (25 and 30 if marriages 
begin between I5 and 20) in the transformed standard schedule with the estimated values of k and ao. 
Specifically, one determines 

kZ8 (25 - ao) and kZs (30-ao) 
k k 

The difference between these two, divided by 5 o, is the proportion ever-married in a cohort subject to a 
curve characterized by the calculated values of ao and k, and with an ultimate proportion ever-married 
of i1o. The required estimate of C is, then, 

(proportion ever-married 25-30)/ [Zs (30 a?) - Zs 25 - ao)] 

Table 2A provides another set of three ratios for a range of values of k and ao. RA1 is the ratio of 
proportion ever-married at the end of the first five-year age interval to proportion ever-married at the end 
of the second, RA2 the ratio of proportion ever-married at the end of the second interval to the proportion 
at the -end of the third, etc. It is readily seen that RA1 is g1/(g, +g2), RA2 is (g1 +g2)/(g1+g2 +g3), etc., 
where g, is the average first marriage frequency in the ith interval. The use of this table to ascertain k and ao 
is the same as the use of Table IA, described above. To determine C when the data are first-marriage 
frequencies, calculate the proportion ever-married at the end of the third five-year interval, namely 
5(g1+g2+g3). Suppose this is G(25) (i.e. suppose that ao falls in the interval IO to I5). Then 

C= G(25) 

Gs (2-aO) 
k 


	Article Contents
	p. 193
	p. 194
	p. 195
	p. 196
	p. 197
	p. 198
	p. 199
	p. 200
	p. 201
	p. 202
	p. 203
	p. 204
	p. 205
	p. 206
	p. 207
	p. 208
	p. 209
	p. 210
	p. 211
	p. 212
	p. 213
	p. 214

	Issue Table of Contents
	Population Studies, Vol. 25, No. 2 (Jul., 1971), pp. i-viii+165-348
	Front Matter [pp. ]
	Errata: An International Comparision of Excessive Adult Mortality [pp. ]
	Errata: Pre-Marital Pregnancy, Childspacing, and Later Economic Achievement [pp. ]
	Preface [pp. 171]
	Population Policy: Personal Notes [pp. 173-182]
	Latin American Population Prospects in the Next Fifteen Years: A Brief Analysis [pp. 183-192]
	Age Patterns of Marriage [pp. 193-214]
	Explaining Cross-Cultural Variations in Age at Marriage and Proportions Never Marrying [pp. 215-233]
	Stable, Semi-Stable Populations and Growth Potential [pp. 235-254]
	The Economic Explanation of Fertility Changes in the United States [pp. 255-267]
	A Comparison between Current Indian Fertility and Late Nineteenth-Century Swedish and Finnish Fertility [pp. 269-282]
	The Structure of Mortality during Catastrophic Years in a Pre-industrial Society [pp. 283-285]
	An Experiment with Census-Type Age Enumeration in Nigeria [pp. 287-302]
	Some Problems in Determining the Number of Acceptors Needed in a Family Planning Programme to Achieve a Specified Reduction in the Birth Rate [pp. 303-308]
	Fecundability and Coital Frequency [pp. 309-313]
	Birth Variations in Populations which Practise Family Planning [pp. 315-326]
	The Incidence of Illegal Abortion [pp. 327-339]
	Book Reviews
	Review: untitled [pp. 341-342]
	Review: untitled [pp. 342-343]
	Review: untitled [pp. 343]
	Review: untitled [pp. 343-344]
	Review: untitled [pp. 344-345]
	Review: untitled [pp. 345]
	Review: untitled [pp. 345-346]
	Review: untitled [pp. 346]

	Books and Publications Received [pp. 347-348]
	Back Matter [pp. ]



