
This PDF is a selection from an out-of-print volume from the National Bureau
of Economic Research

Volume Title: Aging Issues in the United States and Japan

Volume Author/Editor: Seiritsu Ogura, Toshiaki Tachibanaki and David A.
Wise, editors

Volume Publisher: University of Chicago Press

Volume ISBN: 0-226-62081-6

Volume URL: http://www.nber.org/books/ogur01-1

Publication Date: January 2001

Chapter Title: What Went Wrong with the 1991â€“92 Official Population
Projection of Japan?

Chapter Author: Seiritsu Ogura

Chapter URL: http://www.nber.org/chapters/c10295

Chapter pages in book: (p. 361 - 402)



�12
What Went Wrong with the
1991–92 Official Population
Projection of Japan?

Seiritsu Ogura

12.1 Introduction

The track records of the last two official Japanese population projec-
tions have been very poor, judging from the accuracy of the figures for new
births (fig. 12.1). Every five years, the National Institute of Population
Research, which is now the National Institute of Social Security and Pop-
ulation Research, prepares three different sets of projections based on
middle, high, and low fertility assumptions. The projection based on the
middle fertility assumption is treated as the official population projection
for Japan. This projection is linked almost automatically to many long-
term plans the government prepares, from Public Pensions Projections to
Energy Projections, and hence any sizeable error in the projection seri-
ously affects resource allocation over time and income distribution across
generations.

The 1986 projection, for instance, predicted a recovery of the Total Fer-
tility Rate (TFR) to 1.86 but ended up overestimating 1991 births by al-
most 300,000. In fact, TFR dropped from 1.72 in 1986 to 1.51 in 1991. In
spite of this experience, in the 1991–92 projection, demographers at the In-
stitute again predicted a recovery in TFR beginning in 1995. At this time,
however, there is no sign of the predicted recovery and, in fact, TFR con-
tinued to slip by another 0.1 during the five-year period. Thus, the projec-
tion ended up overestimating 1996 births by more than 120,000, and the
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gap between projected and actual figures would have reached almost a
quarter of a million early in the twenty-first century. Because all the Japa-
nese social insurance programs are essentially income transfer mecha-
nisms between the old and the young generations, these optimistic fertility
assumptions allowed the government to understate the burdens on future
generations very substantially. In a sense, these optimistic fertility projec-
tions also allowed the government to adopt a long series of ad hoc mea-
sures to solve only the immediate crises, without addressing the problems
that occur in the long run.

From the purely technical point of view, to be sure, the 1991–92 projec-
tion was an innovative one. As we will see in detail shortly, it tried to es-
timate age-specific fertility rates of female cohorts by fitting their records
to a class of special statistical distribution functions. This procedure al-
lowed fertility behavior to be represented by a small number of parame-
ters, which can be used to predict future fertility for this cohort as well as
for future generations. Thus armed, the projection confidently declared
that the observed decline in the fertility rate of Japanese women had been
a temporary phenomenon resulting from delayed marriage and childbear-
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Fig. 12.1 Actual number of live births and official population projection in Japan



ing, and that both would end by the mid-1990s, raising TFR to where it
was in the middle of 1980s.

Unfortunately, this attempt to introduce rigorous science into the popu-
lation projection rather than inventing fertility rates out of thin air was not
very successful in terms of its outcome; it seems to have been abandoned
in the latest projection. In fact, in the 1997 projection (which was made
public in January 1997), the projection of fertility rates is based on mar-
riage rates and the marital fertility rates of recent cohorts, as I had done
in the last two Japan Center for Economic Research (JCER) population pro-
jections. Because marriages precede births by many years, and given sub-
stantial information on the marriage behavior of a cohort, one using the in-
formation should be able to predict the future course of the number of
births by the cohort far more precisely than by, say, using their age alone.

This paper attempts to show the following: The government demogra-
phers failed in their 1991–92 projection because there was a fundamental
flaw in their methodology. In fact, if we apply the same methodology in
the 1997 projection, there is hardly any need to change their 1991–92 pro-
jection. Thus, their methodologically “correct” projection will continue to
diverge from reality for another five years, when they are scheduled for
another projection.

The rest of this paper is constructed as follows. In section 12.2, I present
the formal demographic model used in the 1991–92 projection and report
my own estimation results using new data made available since 1992. In
section 12.3, I formulate a marriage/birth model and explore the possibility
of misspecification as a source of the government model’s sensitivity to
truncation. In section 12.4, I formulate the age distribution of marital fer-
tility rates and report my estimation results. In section 12.5, I look at sig-
nificant changes in the marital behavior of Japanese women that took
place in the last twenty years. In section 12.6, I analyze the causes of the
drop in the fertility rates observed among three different cohorts, almost
five years apart. In section 12.7, I provide concluding remarks.

12.2 Official 1992 Projection Model: Direct Estimation of Birth Rates

In the Japanese official population projection of 1992, the probability
distribution of giving birth to a child of a particular order (first child,
second child, etc.) in a female cohort is fitted to an incomplete log-gamma
distribution function. Although it is not usually treated in introductory
statistics, a complete log-gamma probability distribution that seems to be
popular among demographers and sociologists (e.g., Coale 1971; Coale
and McNeil 1972; Kaneko 1991) can be written as

(1) g x x u x u( )
( )

| | exp ( ) exp[ ( )] ,= − − −
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with four distribution parameters (�, �, �, u). Multiplying this function by
a positive factor, C, which is less than 1, generates the incomplete log-
gamma distribution function. Kaneko (1993), for instance, presents the
distribution function used for the official population projection (Kenky-
usho 1992) as

(2) h x
C
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In equation (2), C is the incompleteness factor, which we shall ignore for
the moment. By comparing equations (1) and (2), we can conclude initially
that the parameters in these two expressions are related in the following
manner:

(3) �
�

= 1
2

,

(4) � �= 2 ,

(5) �
�=
b

.

Second, I find that equation (2) imposes a restriction on the parameters of
equation (1) such that

(6) �� = 1,

where �� is equal to the mean of the gamma variable in the original
gamma distribution. Thus equation (2) is equivalent to

(2 )′ = − − −g x a u x u x u( ; , , )
( )

| | exp{ ( ) exp[ ( )]}�
�

�
� �� � �

�

�

in my notation.
Finally, I define a new distribution function f(x) obtained by multiplying

equation (1) by a positive constant factor C that is smaller than 1, namely,

(7) h x Cg x u( ) ( ; , , ).= � �

The cumulative distribution function for h is then defined by

(8) H x h a u dt CG x
x

( ) ( ; , , ) ( ) ,= =∫0
� �

where G(x) is the cumulative distribution function for g, or

(9) G x g a u dt
x

( ) ( ; , , ) .= ∫0
� �

Kaneko (1993) provides a fairly detailed account of how estimates of
the parameters for different cohorts were obtained. He applied a standard
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probability model in a multinomial distribution, where the probability of
giving birth at age i, denoted by Pi, is defined as

(10) P i H i H i( ) ( ) ( ).= − − 1

Now, suppose a cohort has accumulated complete data regarding the num-
ber of births at each age between fifteen and forty-nine, (m16, m16, . . . ,
m49). Because the probability of such a sequence of events taking place is

(11) 49)L P P P i Pm m m mi= ⋅ ⋅ ⋅ ⋅ ⋅( ) ( ) ( ) ( ,15 1615 16 49

the parameters of an incomplete gamma distribution function for this co-
hort must be set in such a way as to maximize this joint probability, L.

12.2.1 A Formulation Involving Right-Censored Data

If one insists on using only the cohort data with completed birth data,
however, then the latest cohort available for obtaining distribution param-
eters for the last official projection (1991–92) would have been the cohort
born in 1941. In estimating the degree of structural changes taking place,
even the data from this cohort will have very limited value. As a practical
matter, therefore, we have to find a way to extract information from those
cohorts that are still in the middle of their child-bearing ages. One way to
do so is to apply the same principle as above but allow for the possibility
of right-censoring.1

Suppose that the age-specific birthrate data for a first child are available
up to the age x � 1 for a particular cohort. Then a woman in this cohort
either has already given birth to a child at some age between fifteen and x �
1, or she has not yet given birth by age x � 1. Suppose the proportion of
women in the second group in the cohort is given by S(x). The probability of
observing a woman having a child between ages fifteen and x � 1 is given by

(12a) P P P xm m m x( ) ( ) ( ) ,15 16 115 16 1⋅ ⋅ ⋅ − −

while the probability of observing S(x) women not yet having a child is
given by

(12b) 1
15

1

−



=

−

∑
i

x
S x

P i( ) .
( )

The product of these two probabilities gives the probability of the ob-
served experience. Accordingly, the log-likelihood function is given by

(13) ln ln ( ) ( ) ln ( ) .L m P i S x P i
i
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1. I do not consider, however, using the left-censored data.



Since all the P(i)s are constructed by equation (10) from a log-gamma
distribution function, they are functions of the parameters of the original
log-gamma distribution function. Denoting a particular parameter of the
log-gamma distribution function by �, we can estimate its value by max-
imizing equation (13) with respect to �. The first-order condition for max-
imization is given by

(14)
∂

∂
= ∂

∂
−

−

∂
∂

=
=
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=
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=
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12.2.2 Updating the 1991–92 Estimation

Using the age-specific fertility rate of Japanese women born between
1950 and 1966, and considering their first, second, and third children, I
estimate the five parameters of the incomplete log-gamma distribution
functions. The fertility data used in the estimation are annual data from
1979 to 1994. The likelihood function is first maximized analytically with
respect to Cs to yield a concentrated log-likelihood function, which is then
optimized with respect to �, �, �, and u using a Gauss-Newton method
with a Berndt, Hall, Hall, and Hausman (BHHH) method for Hessian
matrices. For computer software, I used GAUSS. The results are shown in
tables 12.1 through 12.3 for selected years.

There are three possible sources of difference between my results and
those obtained by the government demographers as a part of the previous
official population projection. First, in my computation, I added data for
three years (1992 to 1994) in the truncated estimation. Second, there are
minor differences in the fertility data used, because I constructed my own
data rather than using the cohort fertility data published by the National
Institute of Population Research.2 Third, the government’s 1991–92 pro-
jection involves an error correction function on top of the estimated theo-
retical distribution, which I decided to skip because they perform, in my
judgment, merely cosmetic adjustments to augment its goodness of fit.

The results of these updated estimations are summarized as follows:

1. According to table 12.1, the estimated completed fertility rate with
respect to the first child seems to have come down from 0.90 of the cohort
born in 1950 to around 0.81 of that born in 1960. The completed fertility
rate seems to stay slightly below 0.8, but it seems to bounce back to 0.84
for those born in 1965. In any case, the official projection assumed the
value of 0.821 as the long-run equilibrium value, and it seems to have been
more or less appropriate.
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2. This is done so that I can compare the results with another method, which I will ex-
plain later.
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2. According to table 12.2, for the second child the story is similar to
that for the first child. The estimated completed fertility rate with respect
to the second child seems to have come down from 0.78 for the cohort
born in 1950 to around 0.69 for that born in 1960. The official projection
used the value of 0.685 as the long-run equilibrium. Again, a recovery
seems to be taking place after the 1963 cohort, and for the 1965 cohort,
fertility is projected to be 0.77.

3. The change in the fertility rate for a third child, on the other hand,
seems to have followed a very different pattern (see table 12.3). The esti-
mated completed fertility rate with respect to the third child was 0.26 for
the 1950 cohort and reached 0.29 for the 1957 cohort. After a slight de-
cline, it seems to be picking up again, reaching 0.32 for the 1965 cohort.
The official projection used the value of 0.2510 as the long-run equilib-
rium, which seems to be rather modest.

Thus, if the government demographers had carried out the identical esti-
mation of completed fertility rates in 1997 for the 1964 cohort, they should
have obtained 0.8 for the first child, 0.69 for the second child, and 0.30 for
the third child. Furthermore, they should have shown the fertility rates
rising in more recent cohorts. There seems to be no reason for them to
lower the long-run TFR of 1.8 assumed in the 1991–92 projection. In the
1997 population projection, however, the government did lower the long-
run TFR level to 1.6, which is an admission of the general failure of the
procedure used in 1991–92 projection.

12.3 The Implications of Conditioning Births to Marriages

In Japan, in contrast to most of the other developed countries, an over-
whelming majority of births still take place within marriages, particularly
in first marriages. Because marriages precede births by many years, it is
natural to expect that one should be better able to forecast the number of
future births by explicitly using information on marriages. One way to do
this is to treat all the women in a given cohort who have married at a
given age as a homogeneous group, because there seems to be a very stable
(nonlinear) relationship between the number of years married and child-
bearing behavior.

Suppose that the probability is denoted by

(15) 	( , ) ,s k s−

for a k-year-old woman who has been married for s years, to give a birth
to a child of any given order. Here k � s denotes the age at which she was
married, which will be referred to as her marital age. (I ignore the possibil-
ity of divorce here.) Suppose also that there are M(k � s) women at age k
(or, in the same cohort) who were married at age (k � s). In this birth
order, the expected number of births from these women is given by
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(16) 	( , ) ( ).s k s M k s− −

I assume that the lowest age of marriage is fifteen and the maximum age
of reproduction is fifty. Assuming that it takes a year to give birth to a
child after marriage, in equation (16), k goes from 16 to 50 and there will
be (k � 16) possible values of s. The expected number of births from
women at age k, or B(k), can be obtained as the sum of equation (16) over
these (k � 16) possible values of s; or

(17) B k s k s M k s
s

k

( ) ( , ) ( ).= − −
=

−

∑
1

16

	

Equation (17) points to the source of the fundamental problem in the
direct approach in the official 1991–92 projection. To see this more clearly,
for the moment, we can take M(k � s) as weights for 	(s, k � s). Let us
denote the relevant characteristics of women who married at age (k � s)
by 
k�s. We emphasize this by rewriting equation (17) as

(18) B k s k s M k s
s

k

k s( ) ( , , ) ( ).= − −
=

−

−∑
1

16

	 


Thus, when we estimate an age-specific distribution function using the
birthrate data up to age k, we implicitly take into account in the process
all the relevant characteristics up to k � 1, or the information set at age k
is given by

(19) I k M M Mk k( ) ( , , . . . , ; , , . . . , ) ,= − −
 
 
15 16 1 15 16 1

as far as this cohort is concerned.
In the next year, when data on B(k � 1) become available,

(20) I k M M M Mk k k k( ) ( , , . . . , , ; , , . . . , , ) ,+ = − −1 15 16 1 15 16 1
 
 
 


will be used for the estimation. However, it is not immediately clear how
important this additional information can be in obtaining the correct pa-
rameters of the distribution. I have conducted experiments by controlling
the last data used in the estimation, and have found that in the cohorts
born after 1960, the estimated parameters, particularly C, are generally
very sensitive to the addition of new data. In some cases, adding even a
year’s data completely changed the value of their s. A number of factors
can contribute to this phenomenon; for instance,

1. Misspecification problem. If the 	(s, k � s)s are not generated by an
identical exponential distribution function, then the resulting age-specific
distribution is no longer a log-gamma function as specified earlier. In such
a case, the model is misspecified and the parameters are not consistent;
hence, they may be unstable as more data are added (see appendix).

2. Heterogeneity problem. A cohort may not be very homogeneous.

The 1991–92 Official Population Projection: What Went Wrong? 371



Those married later may be very different from those married younger.
Furthermore, those married later may be making choices under a very
different set of circumstances from those of individuals who married
younger. Heterogeneity thus may result in considerable and complex dif-
ferences in the timing of having children after marriage that may not be
captured by the very limited number of parameters in a log-gamma distri-
bution function.

3. Truncation and log-gamma variable. Since the value of the log-gamma
variable is defined from negative infinity to positive infinity, I may be get-
ting distributions that technically fit well with the existing data but that
have too much area in the truncated region to be consistent with human
behavior. Such an example can be found in the 1992 official projection, in
which women in their late forties are supposed to be giving birth almost
as often as women in their late thirties today (fig. 12.2).

12.4 Estimation of Marital Fertility Functions

12.4.1 Beta Distribution Specification

In order to implement the fertility-rate projection on the basis of equa-
tion (17), we have to estimate both age distribution functions of marital
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fertility rates conditioned on marital ages, or (k � s), and age distribution
functions of first marriages, or m(k � s). For the former, I have selected
incomplete beta distribution functions, and for the latter, incomplete log-
gamma functions. A beta distribution is defined as

(21) f x x x x( )
( )
( ) ( )

( ) , .= + − < <− −�

� �

� �

� �
� �1 11 0 1

The mean and the variance of this distribution are given by

(22) �
�

� �
=

+
;

(23) �
��

� � � �
2

21
=

+ + +( )( )
.

Thus, given �, a larger � moves the mode of the distribution to the right,
and makes the mountain taller. Proportional increases in both � and � do
not change the location of the mode in terms of the horizontal axis, but
make the mountain taller and steeper as they reduce the variance. Al-
though a beta function is not nearly as flexible as a log-gamma function
given by equation (1), its domain is between 0 and 1, and it will not give
us a phantom baby boom in women in their forties or fifties (as the govern-
ment’s projection does).

We must account for the possibility of women’s not having children of
that particular order or higher, and hence, I have added an incompleteness
factor, CM, to the beta distribution function. Thus, for each age of marriage
in a cohort, the distribution of marital fertility rate is assumed to be
given by

(24) f x C x x xM( )
( )
( ) ( )

( ) , ,= + − < <− −�

� �

� �

� �
� �1 11 0 1

where the unit interval starts at the age of marriage and ends at age fifty. I
again have accounted for the right-censoring problem by constructing a
log-likelihood function similar to equation (15); I then optimize the likeli-
hood function with respect to CM and transform it into a concentrated
likelihood function.

12.4.2 Data Problems

Underreporting

Marital fertility-rate data for each cohort have been computed from the
vital statistics table on the number of first marriages for each woman’s age
and the cross-tabulation of the mother’s age and the number of years mar-
ried for each order of birth. The latter figures (seem to) include the births
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from couples who had started living together without formally reporting
their marriages, but who decided to report just before the birth of a child.
As a result, in some marital age groups, there are more first children born
than the number of first marriages reported. Another possible explanation
for this phenomenon could be the ignored second and third marriages,
because I focused only on first marriages to economize the estimation. It
is clear that second marriages will soon become an important factor that
should not be ignored in the analysis of birth rates.

In order to deal with this problem in the simplest possible way, I
multiplied all the first marriages by a factor of 1.25 in the denominator of
marital fertility rate. This factor was chosen because, prior to this adjust-
ment, the highest cumulative marital fertility rate was recorded at 1.21 by
those born in 1950 and married at age thirty. Thus, the marital fertility
rates I actually used are about 25 percent smaller than the ratio of the
number of children born and the number of first marriages in all marital
age groups.

Similarly, I noticed some women giving birth to second or third children
within a year of their marriages; most of these women are presumably
married for the second or the third time. In figure 12.3, I show the age
distribution of the marital fertility rate for the third child among those
married at age thirty-three for three different cohorts. Clearly, this seems
to be constructed as a composite of two different curves: one a downward-
sloping curve and the other a single-peaked curve. In order to capture
such reproductive behavior, I have assumed that the distribution function
is a sum of a beta distribution function and an exponential distribution
function, given by

(25) f x C x x C x xM K( )
( )
( ) ( )

( ) exp( ) , .= + − + − < <− −�

� �

� �

� �
 � �1 11 0 1

Censoring

Because Vital Statistics did not begin to publish the mother’s age and
the years married for each order of birth until 1979, my computation is
limited to cohorts and their subgroups for which there is no left-censoring.
Thus I have limited the exercise to groups of women on whom I have
complete birth records starting from the first year of marriage and up to
year 1994. If I were to estimate equation (25) for each cohort, because I
have five parameters (namely, �, �, , CM, CK) to estimate, I would need
at least six or seven observations for each cohort. The marital fertility data
of cohorts that fall short of this requirement would not be used in the
estimation at all. In order to avoid throwing out these data, I have assumed
the values of �, �, and  are common for all cohorts, but that the values
of CM and Ck vary across cohorts, and have used all the available data.
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The actual estimation was carried out in two steps. In the first step, I esti-
mated one set (�̂, �̂, ̂, ĈM, Ĉk) by the maximum-likelihood method using
all the available data. In the second step, by keeping the same values of
(�̂, �̂, ̂), I estimated (CM, Ck) for each cohort using only the data belonging
to the cohort.

Cross-Cohort Comparisons of Marital Fertility Rates

Estimation result. The result of my estimation is summarized in tables 12.4
through 12.6, where only the sums of CM andCk are reported. The blank
spaces in the tables represent the absence of estimates. There are two large
blank areas in these tables: one in the upper-left region and the other in
lower-right region. The upper-left blank region reflects the left censoring
problem; that is, prior to 1979, the necessary data for estimation are not
available as far as these groups are concerned. If earlier data on the mar-
riage and childbearing behaviors are made available by the government,
then the blank space in this region can be eliminated. Most of the second
region, however, is attributable to the combination of the birth year and
marital age that are yet to come. As such, they can never be filled in com-
pletely.

Estimation of the completed marital fertility rates. In order to construct
estimates of completed fertility rates for the cohorts, we need a complete
set of estimated marital fertility functions for all marital ages, and we must
somehow fill the blank spaces in tables 12.4 through 12.6. To fill these
spaces, I have taken a simple shortcut: For each order of birth, I take the
log value of the estimated Cs, regress them on age-married, age-married
squared, and age-married cubed, and cross terms with age-married (raised
to the third power) and with birth year, age, and birth year dummies. More
specifically, for a woman born in year j who was married at age k, the
completed marital fertility rate for her sth-order child Ck, j (s) is

(26)

Dummy

ln ( ) ( ) ( )

( ) ( ) ,

,

,

C s s k s j k

s s

k j
r

r
r

r
r

r

j
j j k j

= + × + × ⋅

+ +

= =

=

∑ ∑

∑

� � �



1

3

1

3

1950

1964

ε

where Dummyj is a dummy variable for the cohort born in year j.
As far as the first- and second-child fertility rates are concerned, this

specification has shown a good fit. For the first child, as the marital age
approaches forty, the completed fertility drops sharply. As for the second
child, a sharp drop occurs at the marital age of thirty-five. For the third
child, however, the coefficient of the cubed age term turns out to be posi-
tive, and the fertility rate does not fall to zero as the marital age increases.
Thus, for the third child I have dropped the third-power terms altogether
and estimated parameters of the following function:
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where the number 3 in the parenthesis indicates that the relevant parame-
ters are for the third child.

The results of this estimation for each birth-order/cohort/marital age are
shown in tables 12.7 through 12.9. They indicate that the sharpest drop in
fertility occurred (or is occurring) with the third child, and in particular,
in the 1964 cohort; women marrying at age thirty-five or above are essen-
tially not expected to produce a third child. For three cohorts (1955, 1960,
and 1964), the shapes of the estimated Ckj function are shown in figures
12.4 through 12.6. In the same figures, I have added the point estimates of
the completed fertility rates of each cohort. There are substantial differ-
ences in the goodness of fit among these three cohorts, because the cohort
dummies alone have absorbed the differences across cohorts.

12.5 Age Distribution of First Marriages

In equation (17), the number of births from a given cohort in a given
year is obtained as the sum of the products of the marital fertility rate and
the number of women in all the groups, which consist of women who mar-
ried at the same age for the first time. Thus, I need to obtain estimates of
the age distribution of marriages for respective cohorts. For this purpose,
I have followed the demographers’ tradition and fitted incomplete log-
gamma functions using maximum likelihood estimation.

The first marriage rates have been computed by combining the census
data with the Vital Statistics data. Here I have experienced relatively little
difficulty in obtaining reasonably good estimates of the actual age distribu-
tions by maximum likelihood method. The estimated parameters are
shown in table 12.10. By comparing the age distribution data of first mar-
riages with the estimated distributions, even for cohorts born after 1960,
the estimated log-gamma distributions seem to fit the data relatively well,
in spite of a substantial right-censoring problem (fig. 12.7).

A very substantial drop has been occurring in the lifetime probability
of a Japanese woman’s experiencing first marriage. Between the two co-
horts born in 1950 and in 1965, I observe a 10 percentage point decline.
The decline in the rate between the 1950 and 1957 cohorts, however, is
hardly noticeable, and the decline between the 1957 and 1960 cohorts is
relatively mild. The rapid decline seems to have taken place in the 1960
cohort, whose probability of getting married in the first half of their twen-
ties is only half that of their predecessors. Although in subsequent cohorts
the probability of marriage in the few years after age twenty-seven has

The 1991–92 Official Population Projection: What Went Wrong? 383
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increased by a few percentage points, this increase does not seem to extend
beyond the first half of the thirties. In the 1991–92 projection, it was as-
sumed implicitly that the 1960 cohorts would complete the structural ad-
justment in childbearing behavior. My estimation suggests that in the next
five cohorts the lifetime probability of first marriage declined by 7 percent-
age points.

12.6 Analyzing the Sources of the Decline in Fertility Rates

In my notation, for a woman born in year j married at age k, Ckj (s) gives
the expected number of children of the order s in her lifetime. Thus, as far
as the children of order s are concerned, the completed fertility of a woman
born in year j is obtained as the weighted sum of Ckj (s)’s, or

(28) ˆ ( ) ( ) ( ) ,,C s C s m k
k

k j= ⋅
=
∑

15

49

where k stands for the age at first marriage. Using equation (28), in table
12.11 I have computed the fertility rates of each cohort between 1950 and
1964 for their first three children.

According to the table, the completed fertility rate shows a consistent
decline for the first child, with the birth year of the woman. For the second
and the third child, however, the fertility rates seem to rise until 1954 and
then decline. The latter is not an actual phenomenon, but is a problem
caused by insufficient information in my “extrapolation” method3 when
cohorts are considerably heterogeneous. For women born in 1950, for ex-
ample, I began my observation of their reproductive behavior only for age
twenty-nine, which is probably too late to start observations even for the
second child in those days. In contrast, for cohorts born after 1955, my
extrapolation should be far more reliable, since for the 1955 cohort, the
observation started at age twenty-four. Thus, 1955 should serve as a good
starting point for comparative analysis. If I concentrate on cohorts born
after 1955, I notice a general decline in fertility rates between the 1955 and
1960 cohorts. The estimated fertility rates have dropped by almost 0.1 for
each order of birth, a drop of at least 0.3 in the TFR.

Has the drop in TFR been brought about by changes in marriage rates
or by changes in marital fertility rates? In order to answer this question, I
computed the hypothetical completed fertility rates using the estimated
marriage-rate function of the 1955 cohort. The differences between these
hypothetical fertility rates and those in table 12.12 are attributable solely
to changes in marital behavior between the 1955 cohort and the previous
cohort.

For instance, for the 1955 cohort, the sum of the completed fertilities of
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3. Needless to say, this problem will be solved once the relevant data prior to 1979 are
made public.



Table 12.12 Hypothetical Fertility Rates of Women Born after 1950 with Marital
Behavior of 1955 Cohort

First Three First Second Third
Children Child Child Child

1950 1.766 0.899 0.663 0.204
1951 1.815 0.916 0.666 0.233
1952 1.842 0.913 0.677 0.251
1953 1.869 0.911 0.691 0.268
1954 1.879 0.887 0.716 0.276
1955 1.875 0.881 0.724 0.270
1956 1.851 0.869 0.708 0.274
1957 1.804 0.846 0.694 0.264
1958 1.721 0.788 0.676 0.257
1959 1.725 0.823 0.659 0.243
1960 1.687 0.815 0.643 0.229
1961 1.642 0.804 0.627 0.211
1962 1.598 0.797 0.604 0.197
1963 1.563 0.795 0.580 0.188
1964 1.517 0.785 0.562 0.171

Source: See table 12.1.

Table 12.11 Estimated Fertility Rates of First Three Children of a Female Born
after 1950

First Three First Second Third
Children Child Child Child

1950 1.785 0.909 0.670 0.206
1951 1.823 0.920 0.669 0.234
1952 1.840 0.912 0.676 0.251
1953 1.876 0.914 0.693 0.269
1954 1.916 0.904 0.730 0.282
1955 1.875 0.881 0.724 0.270
1956 1.859 0.873 0.711 0.275
1957 1.832 0.861 0.705 0.266
1958 1.697 0.781 0.667 0.250
1959 1.702 0.817 0.649 0.236
1960 1.637 0.797 0.622 0.218
1961 1.570 0.778 0.596 0.196
1962 1.501 0.761 0.562 0.178
1963 1.427 0.741 0.523 0.164
1964 1.363 0.725 0.495 0.144

Source: See table 12.1.

the first three birth orders that I have estimated is 1.875, whereas for the
1954 cohort it was 1.916. Thus, the total change is �0.041. If I had applied
the estimated marriage-rate function of the 1954 cohort to the 1955 cohort,
the sum of the three fertility rates would have been 1.913 instead of 1.875.
In other words, if the marriage behavior remained unchanged, the sum of



the fertilities would have changed only very slightly (or 1.913 � 1.916 �
�0.003, to be exact). Thus the remainder of the change (namely 1.875 �
1.913 � �0.038) is attributable to changes in marital fertility rates.

The same analysis is repeated for cohorts born between 1955 and 1964,
and the results are shown in table 12.12. The results suggest that, of a 0.55
drop in the sum of these three fertility rates, changes in marital behavior
explain �0.19, while changes in marital fertility rates account for �0.36.

12.7 Concluding Remarks

It should be clear by now why the last official population projection
failed. In an attempt to estimate directly the age-specific fertility rate dis-
tribution, the projection assumed a priori the stability of parameters be-
yond the 1960 cohort, probably the last cohort for which demographers
were able to obtain stable distribution parameters. This is equivalent to as-
suming that this cohort would complete the behavioral changes in child-
bearing for Japanese women. Instead, it took another five cohorts for this
happen and, in the meantime, lifetime marital rates dropped by 15 per-
centage points.

In the new population projection announced in January 1997, the gov-
ernment forecasters again have predicted that TFR will recover to 1.6 by
the end of the second decade of the next century. On this point, I have
only two things to say. First, the TFR for the latest cohort (those born in
1964) that I was able to estimate stands at slightly above 1.4, or about the
current TFR of all Japanese women, because fertility rates attributable to
a birth order higher than three add very little. Thus, the present Japanese
women’s TFR is at its equilibrium level, not at a transitory or disequilib-
rium low level as government demographers have argued.

Furthermore, there is no inherent demographic mechanism for a re-
bound in fertility rates to occur. In fact, the lifetime rates that I used to
derive the expected completed fertility rates are based on the estimated
dynamic behavioral equations of childbearing. Hence, I have already taken
dynamic adjustment behaviors into account. As far as I know, there are
no demographic grounds for a fertility rebound to occur, but there are very
strong economic grounds for expecting another drop to take place. Since
the labor force is expected to decline at the rate of almost one percent a
year starting early in the next century, female labor is expected to fill part
of the shortage. This will mean better employment opportunities and bet-
ter pay for women, raising the opportunity costs of having children even
further. In Tokyo, TFR stands at about 1.1, and we should not be surprised
to see the national TFR drop to that level.

What does this all mean in terms of our (or our children’s) lives in the
twenty-first century? First of all, if one limits the analysis to the first quar-
ter of the century, differences in the TFR matter very little. This is true of
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pay-as-you-go public pension program costs or of public health insurance
costs. The difference will show up in the second quarter of the century.
Second, the difference in these costs is substantial. The new population
projection is equivalent to the government’s officially admitting that the
costs of these programs have been underestimated by at least 20 percent.
As I suspect, even their new projection turns out to be too optimistic. If
no rebound occurs, the per capita costs of these programs will increase by
at least another 10 percent. It is clear that the time has come to begin
reengineering the fundamental frameworks of our social insurance pro-
grams, particularly their financing mechanisms, rather than putting more
money into the terminal care of these programs.

Appendix

Source of Instability in the Estimated Parameters

Let us explore the source of the instability in the estimated parameters as
more data are added. Collecting the terms in equation (14), and noting
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Let us define the theoretical probability of not giving birth of the child of
that order by P(51;�), or the probability of giving birth at age fifty-one.
Similarly, if the proportion of women not giving birth to a child is given
by m51, we have
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Furthermore, the optimality condition (14�) with respect to C is particu-
larly simple and is given by
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For the rest of the parameters of log-gamma distribution function, (14�)
can be written as
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Moreover, the sum of all the possibilities including P(51;�) is always equal
to one, regardless of the value of �; hence we have
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Therefore, equation (17�) implies �

(19 )′ − = ∂
∂

+ ∂
∂

=
=

−

=
∑ ∑��
�

�

�

�
� �

� �

�

� �

�
( ; ˆ )

( ; ˆ )
( ; ˆ ) ( ; ˆ )

.x
m

P
P Px

x

1 0
15

1 51

Adding the fertility data at age x, the optimality condition is given by
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If the right-hand side of the equation is evaluated at the previous optimal
value �̂,
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and we obtain the dynamic equation
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It is clear from equation (22�) that the estimated parameters are consis-
tent even when one truncates samples provided that the fertility data at
every age have been generated by the theoretical distribution. If the sample
size gets arbitrarily large for every t, we have

m P tt → ( ; ) ,�
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and, from equation (22�), at every age x, we should have

lim ( ; ) lim ( ; ) .
n n

x x
→∞ →∞

− = =� �1 0� �

Ordinarily, if we have one million observations, the law of large numbers
should work to give us this condition. If, on the other hand, the estimated
parameters remain unstable, it is most likely that the fertility data have
not been generated by that particular theoretical distribution.

The source of the instability is the second term of equation (22�). The
larger the divergence of the new fertility data at age x, or mx, and the
estimated fertility rate P(x;�̂) using the data up to age (x � 1), the absolute
value of the coefficient in the second term,

m

P x
x

( ; ˆ )
,

�
− 1

will be larger, and the revision of the estimated parameters will be larger.
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