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1. Introduction

Deconiposition analyses using the age-specific marital fertility rates (AMFRs) have
been frequently conducted both in Japan (F/%, 1992, p. 51; {AEF, 1995, pp. 67-71; Tsuya
and Mason, 1995, pp. 147-148; EZ#-&4REE - A 0 RIEEHTZERT, 1997, p. 10) and in Korea
(ZsH- 2, 2002, p. 77, = 5|, 2002, pp. 90-94; Eun, 2003, p. 582). These studies
asserted that recent fertility decline was mostly explained by nuptiality decline and
that marital fertility did not play an important role. However, Hirosima (#'&, 2001)
showed that the AMFRs are erroneous when there is a trend of marriage postponement.
This paper attempts to clarify the problem of AMFRs not with a simulation model like
Hirosima’s but with an analytical model. While Hirosima assumed that the marital

fertility is independent of the age at marriage, this paper explores more general results.

2. Framework
An analytical framework for marriage and fertility behaviors derives from Inaba

(1995). Let x be the current age, a be the age at first marriage, and y be the marital
duration. Let a and B be the lower and upper limit of childbearing age. It is assumed
that there is no divorce, remarriage or death during the childbearing age. Thus, the
term “marriage” always means first marriage and there is no marital status other than
“single” and “(currently) married”. The ordinary age-specific fertility rate f{x) can be

expressed as follows.

fx) = [ g(aym(a,x - a)da, @-1)

where, f(a) age specific first marriage rates,
m(a,y) fertility rates by marriage age and marital duration.

Two cumulative functions are defined. While ®(x) is the proportion of married
female by age, M(a) is the average number of children eventually born by age at

marriage.



O(x) = [‘ #(a)da. (2-2)

M(a) = f - m(a, y)dy. (2-3)

All these functions are supposed to express the marriage and childbearing behavior
of a hypothetical cohort in a specific year. The total fertility rate can be expressed as

follows.
TFR = [ f(x)dx = [ $(a) M (a)da. 2-4)

The following assumptions are made. Assumption 1 may not require any
justification. Assumption 2 is a simplification of the reality ignoring a possible
increase immediately after the marriage. Assumption 3 is fairly supported at least in
Japan. A brief inspection of vital statistics reveals that there are very few cases that

~ violate the assumption.

Assumption 1. ¢ (a) has a unimodal age pattern.
Assumption 2. m(a,y) is monotonously decreasing both in terms of g and y.

Assumption 3. & (a)/ (a) is monotonously decreasing in terms of a.

3. Decomposition Method
The AMFR at age x is defined as follows.

AMFR(x) = é Ex; (3-1)
X

Thus, fx) can be seen as a product of AMFR and the proportion married at age x.
For such an index, Kitagawa (1955) proposed a decomposition method that does not
produce residual. In the following, ATFR is the total change, ATFR, is the change due
to the marriage behavior, and ATFR;is that due to the childbearing behavior.

ATFR=TFR, ~TFR, = ["{f,(0) - f,(0)}dx, (3-2a)
L 1 A® L) o
ATFR, = [ {@,(0) - @,(0)} 2{©2(x)+q)l(x)}dx, (3-2b)



I RACEEACRE )
ATFR, = [ {Qz(x) <D|(x>} 2{<D2(x)+<1>l(x)}dx. (3-2¢)

Table 1 shows one of Hirosima’s simulations. He assumed that the marital
fertility is independent of the age at marriage and that m(1) = 1, m(2) = 1, and m(y) = 0 for
y > 2. Thus, fx) = f(x-1) + f(x-2) in this case. Marriage postponement is simulated
such that &,(x) = & (x-1). Although m(y) is held constant and ATFR = 0, the
decomposition suggests that marital fertility affected in the direction to raise the TFR
while nuptiality affected in the opposite direction. Thus, the decomposition is

apparently problematic in this scenario.

Table 1. Decomposition of TFR change in marriage postponement

X 1) F ) F1l6) FL0F ((x) Fox) Folx) falx) FLNF ox) Ax) A, (x) Aix)
15 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
16 005 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
17 010 005 0.05 1.00 0.05 0.00 0.00 0.00 -0.05 -0.03 -0.03
18 015 015 0.15 1.00 0.10 005 0.05 1.00 -0.10 -0.10 0.00
19 020 030 025 0.83 015 015 0.15 1.00 -0.10 -0.14 0.04
20 020 050 035 0.70 020 030 025 0.83 -0.10 -0.15 0.05
21 0.15 0.70 040 0.57 020 050 035 0.70 -0.05 -0.13 0.08
22 010 085 035 041 015 070 040 0.57 005 -007 0.12
23 005 095 0.25 0.26 0.10 085 035 041 0.10 -003 0.13
24 000 100 0.15 0.15 005 095 025 0.26 0.10 -0.01 0.11
25 000 100 0.05 0.05 000 100 0.15 0.15 0.10 0.00 0.10
26 - 000 1.00 0.00 0.00 000 100 0.05 0.05 0.05 0.00 0.05
Total 2.00 2.00 0.00 -0.66 0.66

Source: Hirosima (2001), p. 177.

4. Analytical Approach to Decomposition Failure

Since Hirosima’s purpose was to show that the decomposition using the AMFRs can
fail when there is a trend of marriage postponement, it was sufficient for him to give one
specific case of failure. However, more general result is explored here employing an
analytical approach.

First, it can be shown that the result of no change in TFR depends on the
assumption of independence between the age at marriage and marital fertility.
Changing the order of integration of (2-1) and applying (2-3), the new TFR is expressed

as follows.
+h
TFR, = [ §(a - h) M (@) da. (4-1)

If the marriage timing and marital fertility are independent each other, M(a) is
constant M and TFRz = TFR1. In a more general situation, M(a) is monotonously



declining by the Assumption 2. Because M(a) is larger where ¢ (a-h) is smaller than
# (a), TFR2 must be smaller than TFR1. Thus, a delay in marriage causes a decline in
TFR.

It also can be shown that ATFR; is always greater than ATFR. Expanding (3-2c),
substituting the definition of f(x) and f;(a), and changing the order of integration give

the following expression.

ATFR, = —IZ—ATFR + % {f " §(a~h) M*(a)da~ [ p(a) M~ (a) da}, (4-22)
@y = 23 _ ]

where, M ™ (a)= f DI m(a,x —a)dx, (4-2b)
e D(x—h) - ]

M (a) = f -————(D(x) m(a, x —a) dx. (4-2¢)

Because of the relation that M (@) < M(a) < M"(a), the second term of (4-2a) is larger
than ATFR/2. Although the correct relations should be ATFR; = 0 and ATFR, = ATFR,
the decomposition analysis results in a wrong relation that ATFR; > ATFR.

5. Serious Failure
If ATFR; is negative, ATFR, is also negative. This situation produces a reasonable

interpretation that both marriage timing and marital fertility contributed to a decline
in TFR. However, if ATFR;is positive, a radical interpretation arises that while marital
fertility affected to raise TFR, marriage timing overcame it to make TFR decline. Let
us call such a situation “serious failure”.

To determine the condition for the serious failure to happen, the condition for each
AMFR to rise is explored. For a given age x and delay in marriage A, the following

function is defined.

H(a =24 -h e (5-1)
Ox-h) D)

The change in AMFR is expressed with H(a) as follows.

£ fi® ) _
&, B, = [H(a)m(a,x a)da. (5-2)

Note that a non-weighted integration of H(a) is 0. It is apparent that H(a) <0 in
early ages. By the Assumption 3, H(a) > 0 as a approaches to x. Thus, the AMFR



increases if m(a,x-a) is increasing in terms of a. This happens if the slope of m(a,y) is
steeper in terms of marital duration (y) than that in terms of marriage timing (a).

Thus, the serious failure is not mathematically inevitable but depends on the
pattern of m(a,x-a). However, it can be shown that the actual pattern of m(a,y) is
favorable to the serious failure. Suppose oppositely that m(a,x-a) is decreasing in terms

of . Insuch a case, a rise in age-specific fertility rate is never observed.

fH®- £, = [{#a—h) -p@}m(a,x~a)da <0. (5-3)

In the real world, however, recuperations of fertility in older ages are frequently
observed. This fact suggests that m(a,x-a) is actually increasing in terms of ¢ and tends
to cause the serious failure.

As a direct evidence in Japan, Figure 1 shows the pattern of m(a,x-a) estimated
from The Fourth National Survey on Household Changes conducted by The National
Institute of Population and Social Security Research in 1999. Although there are some

up and down, m(a,x-a) is basically increasing.

0.4
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Figure 1. Pattern of m(a,y) in recent Japan.
Source: The Fourth National Survey on Household Changes, 1999.

6. Deceptive Increase
This section investigates the condition for the AMFR to rise when the genuine



marital fertility is declining. Assume that there was a uniform change in marital
fertility that m(a,y) — c¢ m(ay). Also assume that m(ax-a) at given x can be

approximated by a straight line.
m(a,x —a) =u(x) +v(x)a. (6-1)

The change in the AMFR can be expressed as follows.

fz(x) _ f,(x) _ _ _ _ -
D) o e +vle{uCe—h) + b= u(x)] (6-2)

Here, 1(x) is the mean age at marriage for those who married by age x.

1
u(x) = e [ a #(a)da. (6-3)

The condition for the AMFR to rise is as follows.

H(x) +u(x)/v(x) (6-4)
p(x—h)+h+u(x)/v(x)

Because y(x-h) + h is usually greater than (x), it is possible that c is less than unity.
This means that the AMFR can rise when the genuine marital fertility is declining.

7. Summary
Following results were obtained under the situation of marriage postponement.

1. TFR decreases even though marital fertility is held constant.

2. The ordinary decomposition tends to underestimate the effect of marital
fertility.

3. The actual pattern of marital fertility tends to cause the serious failure of
decomposition analysis. .

4. AMFR can rise while the genuine marital fertility is declining.
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