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Abstract. In this paper, the author discusses the merits and the flaws of the Coale fertility index model. Then
he upgrades this model and uses it to analyze the change of the birth rate in China since 1980s quantitatively.
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1 Introduction

When presiding the study of the Transition of European Population, to separately measure the impacts
of the proportion of single women and the fertility control of married women on the decline of fertility rate,
Coale referred to the classic theory of indirect standard and put forward a fertility index that can be used in the
measurement and comparative analysis of the general fertility level, the impacts of marriage on fertility, marital
fertility level and non-marital fertility level (Zhai Zhengwu 1989[2], Zeng Yi 1993[1]). The Coale fertility index
is an important index in analyzing the impacts of marriage and fertility control on female fertility rate. This
index has taken an important role in analyzing the reason of the decline of fertility rate in Europe at the end
of 19C and the beginning of 20C, and is still being used today.

Coale himself pointed out that the female age structure could effect on the marriage proportion com-
parative index (Im). But in fact, not only the marriage proportion comparative index but other three fertility
indexes Coale defined (If , Ig and Ih) can be influenced by the female age structure more or less. So, some-
times it can not reveal the true fertility level. In view of the limitation of the Coale fertility index model, the
author improved it, and analyzed the merits and shortcomings of every index before and after being improved,
and used the result to study the change of the birth rate in China since 1980s.

2 The improved Coale fertility index model

For the purpose of predigestion, we use x to stand for the age zone (x, x + n), and make agreements as
following:

f(x)—the female fertility rate at age x (including marital fertility and non-marital fertility);
g(x)—the married (having spouse) female fertility rate at age x (namely marital fertility rate);
h(x)—the non-spouse (single, losing spouse, divorced) fertility rate at age x (namely non-marital fertility

rate);
m(x)—the married (having spouse) female proportion at age x;
u(x)—the non-spouse (single, losing spouse, divorced) female proportion at age x;
F (x)—the fertility rate of age cohorts, here we still use the fertility rates of married female age cohorts

selected by Hutterite as the criteria.
Evidently: m(x) + u(x) = 1
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So we define each improved Coale fertility index as following:
General Fertility Comparative Index: If∗ =

P
f(x)P
F (x) If∗ measures the degree of closeness of the

actual female fertility rate to the Hutterite married female fertility rate in the place doing research.
Marital Fertility Comparative Index: Ig∗ =

P
g(x)·m(x)P
F (x)·m(x) Ig∗ stands for the degree of closeness of the

married (marital) fertility rate to the “assumed” fertility rate of the married women who procreate according
to the Hutterite fertility rates of married female age cohorts in the place doing research.

Non-Marital Fertility Comparative: Ih∗ =
P
h(x)·u(x)P
F (x)·u(x) Ih∗ means the degree of closeness of the non-

married (no-spouse) fertility rate to the “assumed” fertility rate of the non-married women who procreate
according to the Hutterite fertility rates of married female age cohorts in the place doing research.

Marriage Proportion Comparative Index: Im∗ =
P
F (x)·m(x)P
F (x) Im∗ means the degree of closeness of

the fertility rate of the married (having spouses) women who procreate according to the Hutterite fertility rates
of married female age cohorts, to the “assumed” fertility rate of all the women in each age cohort who have
married, and procreated according to the Hutterite fertility rates of married female age cohorts, in the place
doing research.

I∗m demonstrates the degree of effect of marriage on the female fertility level, by comparing the “as-
sumed” fertility level of the married women who procreate according to the Hutterite fertility rate of married
female with the “assumed” fertility level of all the women who procreate according to the same rate.

Notice: To be different from the traditional Coale fertility index, we add the sign ∗ to the four fertility
indexes on the top right corner separately.

Like the Coale fertility index, each of the improved Coale fertility index, I∗f , I
∗
g , I

∗
n and I∗m, can be

expressed by other three algebraic expressions, their analyzing relation is as following:

I∗f = I∗g · I∗m + I∗h · (1− I∗m) (1)

The specific derivation process is as following:

I∗f =
∑
f(x)∑
F (x)

=
∑
g(x) ·m(x) +

∑
h(x) · u(x)∑

F (x)

=
I∗g ·

∑
F (x) ·m(x) + I∗h

∑
F (x) · u(x)∑

F (x)
= I∗g · I∗m + I∗h · (1− I∗m)

3 The comparative between the old and the improved Coale fertility index model

From the above definition, we notice that the improved Coale general fertility comparative index I∗f
can not be effected by the female age structure of the studied area, namely, it is an age standard index, but
marital fertility comparative index I∗g , non-marital fertility I∗h and marriage proportion comparative index I∗m
can only be affected by the height of the ratio of women being married and having spouse (or no spouse)
in each age group, and have no relation to the married female number, thus, they also can be regarded as an
age standard index. So, from this point of view, the improved Coale fertility index is better than the Coale
fertility index. Besides, calculating I∗m, I∗g and I∗h does not necessarily need the (absolute) data of the women
in different age group distributing by marriage condition, but only need the percentage data of their marriage
state (composition), which is also a big merit of the improved Coale fertility index. Being different from
the Coale fertility index, calculating I∗f must have the studied area’s aging fertility rate f(x) or total fertility
rate, and calculating I∗g , I∗h must have the married fertility rate g(x) and non-marital rate h(x), which is a
disadvantage of the improved Coale fertility index (compare to the old Coale fertility index).

Being different from the improved Coale fertility index, calculating the general fertility comparative
index If does not necessarily need the general fertility rate f(x), because the nominator of If is the total
fertility in this studied area. So, it can be directly replaced by the total birth. Being similar with I∗f , calculating
marital fertility comparative index and non-marital fertility comparative index Ig do not necessarily need the
married and non-married fertility rate data, but need the total number of married and non-married fertility and
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the distribution data of women’s marriage state in each age group. Because the nominators of Ig and Ih are
the numbers of total married fertility and total non-married fertility in this area, they can be replaced by the
numbers of married fertility and non-married fertility. This is a big merit of Coale fertility index.

From the analysis above or directly from the definition of fertility index, we find that the Coale fertility
index and the improved Coale fertility index require different data. Generally, the data requirement of the
improved fertility index is relatively higher; however, in essence, the result of its operation can reflect the
reality more accurately than the Coale fertility index. So, the author suggests that, with sufficient data, we
should use the improved Coale fertility index as much as possible.

4 The analysis of the fertility rate change in China after 1980

As non-married birth is scarce in China, in common condition I∗h = 0, the formula will become:

I∗f = I∗g · I∗m (2)

Using the three census data in 1982, 1990 and 2000, the author got the three years’ improved Coale
fertility index, shown in Tab. 1:

Table 1. The coale fertility index in china

Year I∗f I∗g I∗m
1982 0.22973 0.30229 0.75997
1990 0.18562 0.23987 0.77382
2000 0.09808 0.13607 0.72080

From Tab. 1 we find, in China, the I∗f declined from 0.22973 (in 1982) to 0.18562 (in 1990) and to
0.09802 (in 2000); the female fertility rate dropped 19.20% (from 1982 to 1990), and it again dropped 47.16%
from 1990 to 2000. The drop range was even bigger.

In China, the I∗g declined from 0.30229 (in 1982) to 0.23987 (in 1990) and to 0.13607 (in 2000). In 1990,
the married fertility level decreased 20.65% compared with 1982; moreover, it decreased 43.27% from 1990
to 2000. This also reflects that, with the progress of family planning, the married female fertility level dropped
evidently in 1980s, after the big decrease in 1970s, and in 1990s, the dropping scale is even larger.

The I∗m increased from 0.75997 (in 1982) to 0.77382 (in 1990), but decreased to 0.72080 (in 2000).
Contrast to 1982, the improved married proportion in 1990 increased by 1.82%. That the I∗m increased in 1990
compared with the I∗m in 1982 demonstrates that, in China, women’s first marriage age after 1982 declines
greatly in comparison with that in 1982, due to the weakening of the controlling ability on the marriage age,
which is a result of the execution of the new marriage law and the rural economic reform that sees the system
of contracted household responsibility as the core. Contrast to 1982, the proportion of females who were
married greatly increased in 1990, especially for those who were younger than 25 years old. In some degree,
early marriage means more fertility. That is why in China the married female fertility rate has dropped 20.65%
from 1982 to 1990, while during the same period the female fertility rate only dropped 19.20%.

Compared with that in 1990, the improved married proportion comparative index in 2000 has declined
6.85%. That the I∗m decreased in 2000 compared with the I∗m in 1990 demonstrates that, in China, women’s
first marriage age in 1990s increases evidently in comparison with that in 1990, and in 2000 the proportion of
females who were married, especially for those who were younger than 25, has greatly decreased in compar-
ison with that in 1990. In some degree, late marriage means lower fertility. That is why in China the married
female fertility rate has dropped 43.27% from 1990 to 2000 while during the same period the female fertility
only dropped 47.16%.

From formula 2, we know that the female fertility rate (the general fertility comparative index I∗f ) is de-
termined by both the female married fertility rate (the married fertility comparative index I∗g ) and the married
proportion (married proportion comparative index I∗m). To quantitatively compare the function of the married
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Table 2. Other change female fertility level factors contrast to 1990

Year 1982 1990 2000
General Fertility
Comparative Index 0.22973 0.18562 0.09808

Contrast
to 1990 0.04411 0 -0.08754

The change of marital
fertility Comparative index

absolute value 0.04830 0 -0.08032
% 109.50 0 91.75

The change of marriage
proportion comparative index

absolute value -0.00332 0 -0.01272
% -7.53 0 14.53

The across
and other effects

absolute value -0.00086 0 0.00550
% -1.95 0 -6.28

fertility level (I∗g ) and married proportion (I∗m) in the change of the Chinese female fertility rate (I∗f ), the
author made a standardized analysis (see the appendix for the method), and the results are listed in Tab. 2.

In China, the female general fertility comparative index (I∗f ) declined 0.08754 from 1990 to 2000. The
standard analysis demonstrates that the biggest decline of married fertility comparative index (I∗g ) from 1990
to 2000 made the female general fertility comparative index (I∗f ) decline 0.8032 from 1990 to 2000 which was
91.75% of the total decline of the same period .While in 1990s, the postpone of the first marriage age made the
married proportion comparative index (I∗f ) decline evidently from 1990 to 2000. The result made the general
fertility comparative index (I∗f ) decline 0.01272 from 1990 to 2000, which was 14.53% of the total decline.
So, in China, the primary reason of the sharp decline of the general fertility comparative index (I∗f ) from 1990
to 2000 is the decline of married fertility comparative index (I∗g ), while during the same period, the decline
of married proportion comparative index (I∗m) (namely the female first marriage age put off )made the female
general fertility comparative index (I∗f ) also decline. Therefore, contrast to 1990, in 2000, the decline of the
female fertility rate mainly resulted from the decline of married female fertility rate, during the same time, the
postpone of the female first marriage age also promote it.
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Appendix:

If—the comparative index of general fertility; Ig—the comparative index of legitimate fertility;
Ih—the comparative index of illegitimate fertility; Im—the comparative index of proportion married.
The standard analysis of female general fertility level (I∗f ) (in China)
I∗f (t)—t year general fertility comparative index; I∗g (t)—t year married fertility comparative index;
I∗m(t)—t year married proportion comparative index.

∆I∗g = I∗g (t)− I∗g (t0)

∆I∗m = I∗m(t)− I∗m(t0)
∆I∗f = I∗f (t)− I∗f (t0) = I∗g (t) · I∗m(t)− I∗g (t0) · I∗m(t0)

= (I∗g (t0) +∆I∗g ) · (I∗m(t0) +∆I∗m)− I∗g (t0) · I∗m(t0)

= ∆I∗g · I∗m(t0) +∆I∗m · I∗g (t0) +∆I∗g ·∆I∗m
= the effect of married fertility level change + the effect of marriage age change

+ the effect of two factors across
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