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A Dynamical Model for Populations Reproduced
by First Marriage

Hisashi InaBa

In Japan, there has been a strong tradition of monogamous marriage and very
little childbearing among the non-married. According to Japanese vital statistics
in 1989, illegitimate birth is only one percent to total birth. Moreover, the
percentage of remarriages to all marriages is 12 percent and the mean of age at
remarriage for women is 37.89. Since the contribution of women aged over 38 to
total birth is less than 2 percent, we can say that almost all Japanese population
are reproduced by legitimate first marriage. So Japanese fertility should be
understood as a result of synthesis of nuptiality and marital fertility.

Under the situation mentioned above, in order to understand the dynamics of
the Japanese population, we need to develop a dynamical model which allows us
to analyse the effect of nuptiality and of marital fertility explicitly. For this
purpose, we construct a population model in which childbearing occurs ounly
within first marriage. Our one-sex model is described by the following system:

(\—g_t +g—a—> po(t,a)=—uCa) pi(t,a) — A(a) po(t,a), (la)
po(t,0)=7f:f:m(r;E)px(t,r;E)drdf, (1)
(Lo +25) Pttt )= —uCE + O)piCe T )= 8Ce E)pile, T 80, (1)
pi(t,0;8)=ACE) po(z, £), (1d)

<_66_L +—62c;> p(t,a)= -u(a)pz(t,a)+f:6(r a—7)plt,ta—7)dt, (le)

pz(t,O):O. (1f)

where po(t,a) is the age-density of unmarried female population at time ¢, pi(¢,7;
&) the density of married female population at time ¢t and duration 7 elapsed
since first marriage at age £ , p:(¢t,a) the age-density of female population who
has had dissolved her first marriage at time ¢, 2(a) the force of first marriage,



u(a) the force of mortality, m(7; &) the marital fertility at duration by age at
first marriage £, 6(t; £) the probability of dissolving first marriage at duration
7 by age at first marriage £ and 7 is the proportion of female newborns.

First, we prove that the strong ergodic theorem holds for system (1), that
1s, we can construct a stable population theory based on nuptiality and marital
fertility. In particular, it is shown that total fertility rate (TFR) of this system

1S given as
TFR= [ ¢(a) T(a) da, (2)
0
where ¢(a) is the probability of occuring first marriage at age a given by

B(a) i =2A(a) e S 2 ()47 | (3)

and 7' (a) is defined by
T(a)=f:m(7:;a)eXp(~f;6(p;a)dp)df. (4)

T(a) is total marital fertility rate by age at first marriage a that takes into
account dissolution of couples.

Next, by using the above formula, we investigate the effect of age-shift of first
marriage pattern to TFR, since delay of marriage has been thought to be one of
major causes for long-term fertility decline in Japan. We conclude that although
age-shift of first marriage pattern could decrease Japanese fertility, its effect
seems to be insufficient to induce such rapid fertility decline as is observed
recently in Japan. We think that it would reflect more substantial changes in
nuptiality and marital fertility.



