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ZHBH LT AOREDO< N Y v 7 227V (HEEERE F V) OFFZI3 Rogers (1968) V), Fee-
ney (1970) 2, Le Bras (1971) Y%t & > TH#A SN, Rogers (1975) ¥, Rogers and Wille-
kens (1978)IC B W TEHIREGZOBEHICS & TV N5 2 — S HEFEHMSBHE N BICE LA
TERETNVADT TEBEBELFIEETRIZEEL 7. LHOLEMS, T L-ERBSFEEDSR
EERERICZOEROETH 5L LX) —1T5 OB REI HE BLPZORENHD FIEEE 3
T —FEE) KELTE, THETHBDTERLE LB OSSN TEFILTEE O,

MICEHIBAOREZCRT HES VR F LB VTIZADDOERLIHIRAN DB E2RE 4 3~
b VST DECTI B DIEEICHE » CZRBE DT, 4 78bb, — kLR Y —F75] (the generali-
zed Leslie matrix) &ZHMUIHAKETH| (the multiregional matrix growth operator)ssd o
b B %Fictc LT, Feeney, Le Bras BIBTFFIOBRBICHELISC LICL > TEBOESE
NI PVDBEET BT REMEEZ B EBTEED, ULh LIEATHO—BBICE S DA Tt
—AL L 2 Y — T OBENIFEE S X ShIRT B IS TRV,

FRTRES, ML) —1THOEEE, BE N7 b vOBEAHEO»ICL, DT~
7 FVSRICRZ 5T L TRENHOBHESRMAEA 5, BBRIEAEE N7 FVEAEEST LT
e FVIiC B 5 EMNETEM O E R LT 52 Litd B,

1) Andrei Rogers, Mat rix Analysis of Interregional Population Growth and Distribution University
of California Press, 1968.

2) G. M, Feeney, “Stable age by region distribution”, Demography, 6, 1970. pp. 341— 348.

3) H. Le Bras,"Equilibre et Croissance de Population Soumises & des Migrations”, Theoretical
Population Biology, 2,1971, pp. 100—-121. G. M. Feeney, * Comment on a Proposition of H. Le
Bras"”, Theoretical Population Biology, 2,1971.pp. 122~123.

4) Andrei Rogers, Introduction to Multiregional Mathematical Demography, John Wiley &
Sons, 1975.

5) Frans Willekens and Andrei Rogers, Spatial Population Analysis: Methods and Computer
Programs, International Institute for Applied System Analysis, RR~78-18, November 1978.

6) Rogers, BifB (#&4), pp. 122-123 2,

7) Rogers, @18 (& 4), p. 128, B8LU Le Bras, Bilg (X 3) 2HE.
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LEEOEEDOREAEDZ L ETCDO 7 0= A, BSHF XN, T5bb,
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GEH) REDHETREE3.2LD, CGo7o~x= 2R, 3HHEAFERXFQ) = 108 —DIER
ELTELN, Ag=spriG)TH o1z, H-T, 65540&E LT Ao exp (20) €6lG) EHABT EaFEE
k0, REDOFTlargds0 (2 L argd A DEE4 R Thhd

Ny Al
LB EMRENDY ¥ (12 ) EMERETH -1 b, TORERMS

10) Z“ReEElE, MREOHORIZEEL, RS, 19614, p. 11488,
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THO, FORBEEBERDLIEDS 1212 285, —H,
slGN{o}={1; 2eC, 120 @u) }

THolelrd, Joexp(i6), 040 RCOEFBETHSD ANV, £ -T, BEBICKRWTS 3
GEEEEBHD)

C T THR SRIAERFED ARy P VERH OETFOERESHEABALTE SV T2 EE N+
v NZERXOBMERFEL, 20 2T DR~y bvolIDMIAET S, ZDEXLYALNY FRQ,
T)=QI-T) '3, 0sbhTo—35 VEEENS,

Qr-T) 1t = Z (x—xo>kA
h=oo £
LT
______]_.___ _ -k-1 —-T) !
4, zmz‘Jp“ 2o) QI~-T)7"

THY, 'y 20T H o) U)%@ﬂﬁ@)ﬁ%ﬁﬁﬁi‘oiv%@lﬁﬁJCaifab\ﬁﬁﬁﬂﬁféé 41X
E~DEHE (projection) 1245, 2,85 QI-T) 03@'(%@ Z OB nTHNIL, Xo T
DEBETH D, CUTFHEDIL,

RU_D=NCQed=TY), RU~-A_)=R(Qo [-T)™
X=N(Qol-TY*")® R(Q [-T)™)

L, RU_DEA_ DIERERL, NDET oB%Fd. R - 1, ORKGEGEME 2t
N, TORLE A ORBIEBEE S LV, m, TH S5bT. —H, N Qo [-T ) &8s EE 2288 &
LU, ZORILIIHAENEEE L LIIND, ThEmy THobd, TDE XL, DU mE ma, mg
DH VIR, mEma, mg=ms LOSBARBKOTD, bL ma=1Thiud 2, 284l (simple)
LEIND, CDEEBRIIT m=ms=mg=1THYD, A ZL ARV D—RDBTHS, £z,
R-1)=N QA I-T)={rx;reCletin {BL, xid icBT 2T OEE~I b1 THD =
A7 —REEROT—ENILEEE. b L4,=0THIEE, 2, HEBHi(semisimple) & LT 3.
MR, A D THNITHBMTH 545, BRETIRE.

12) ZPEERIE, §118 (E10) , TREDDOBRERFL, p. 878H,

13) BATEAFE DR =2 v lCOb\‘CiiﬁﬁﬁfﬁEtE@?ﬁHE%%HB@C&: 7c& A, T. Kato, Perturba -
tion Theory for Linear Operators, 2nd Edition, Springer — Verlag, 1976 K. Yosida , Functional

Analysis ,6th Edition ,Springer—Verlag, 1980. ﬁlcﬁ;ﬂ’]/\mﬁ M DBEIcBTIEG, F Webb,
Theory of Nonlinear Age -Dependent Population Dynamics, Marcel Dekker, 198. oDida#hid <
nTH5,



PLEDEMFDS E TROEHAZRE I,

EHE3 4 GCHEMLLRY-(THIET S, FEIIDEENEDI2ETHIE, Goyax=y
AR IBBTH S

(BEEH) F 92, BCOL Yy ARV (A =-6) 'O DOBTHBL EERT. FDHICITERE
3.1, Ao b8 ([ BN 1D—RIOBTH B LERIEFHTH 5. ¥ )idl DF b D THHHITSH
EhHF4 7 —BETE3,
w2) =) U=l "K,
n=0 .

LDEEK =V (Xy) FRELSEEFTFTHD, 70xX=2924BELT1 426D #-T, 20k
LHOEFE~7 vvik £, vUETNEITCHSEIEBERZ bVTH D, 2,

K =2 g
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73 =~Z_7'/107—1M(]')L (—-1) <0

A=  j=1

<H0, (1) K v(<0%BB, Lizh>T, Schumitzky and Wenska (1975) OFE Y55,
A=k (L ~¥Q)) ' O—RDBTHBL bbb, £-T, (M-6)"' D—HOBTHH 5.
zhwwi, RU.)D=N Q[-6G)%2EB2 —4, dimNQ/-G)=dimN{ -2 Q) Th-
7o o, ¥ (2 ) BEEITHT7 o=y 2B 12622 0 5dimN([-F Q) =1TH 0,5 -
TdimR (4_;) =1, ¥RbLHE A=, FBEMTHS, GEHBHLD)

IV S3H~7 b VORGEES (I vI - FER

TR VR Y —FROREDHE DBELET LD D+ARGE2EREL LL S, BRBKRITL~N Y
b VBRI X DBIEERZRA ORERH LIE, EBEDORY bgeXiZfc LTUTAKOIZD K H7E~
27 bpeXDTETHB, T8bh, ERr BEALT

(4.1) ]tim/l—tAt¢=7‘1/r

D IzD, T reC BPEAAH N7 bovg IKEFE LISV, MERNEER» S AeR,vy=0 Lid
B0 ERERTBEAHE O, BHUGEET IV (2.9) IKBNT, CHERDREDNG 2L TIE, E&
S p N & & S ICZ QYIS AL S B, T DL S I ADBREOEE 2 A% TRE
T - FEELATHEY

—fE R Ry b SfRick > TR TOEBRAE 35,

ERL1 AERBRRT N7 bERX OFIGIERTE LT 5. 4 BB ICKEN TR ERE
Lo ASTIE, BIFAR 0D,

(4.2) 1tim AtAte =P ¢

7L TP, BEEIE A KBTS MEEFEM~OFE (eigenprojection) TH 3
GEER) Ay, £4=0,1,»+«, s ZADEFBEEL, CHSB I =1 2 l= =2, | LA

14) A, Schumitzky and T. Wenska,* An operator residue theorem with applications to branching
processes and renewal type integral equations”. SIAM J. Math. Anal. Vol. 6, 1975, pp.
229 — 235. _

15) AORicBF 5 v — FEEBICH L TRET 281,

Joel E. Cohen, “Ergodic Theorems in Demography”, Bulletin of the American Mathematical
Society, Vol. 1, Number 2, 1979, pp. 275-295.
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On the Discrete Model of Multiregional Demographic Growth
Hisashi I NABA

In this paper we consider a one-sex population divided into r regions. Let
E be the number of age classes and let p{a,t)(j=1,2, -, r:a=1,2,:-, k) denote
the number of individuals at time t(t=1,2,---) in region j in age class a. We
define a r-column vector p(a,t) as

pla,t) = (p1(at), o(a,t))’.

where T denotes the transpose of the vector. Further, we define the (rk)-column
vector p(t) as
p (1,¢)
def | p (2,¢)

p Ck,2)

which denotes the age-by-region distribntion of population at time & Let
si{a)(a=1,2,,k—1) denote the proportion of individuals in age class a and
region j at time ¢ who are alive in age class a+1 and region i at time £+1.
Let S(a) be the rX r matrix, in which the (i) element is s:;(a). Then we

have
pla+1,t+1) =8S(a) p(a,t).
The survival rate matrices I{a)(a=0,1,--,k—1) is defined as
L(a) =8(a)XS(a—1)X - x S(1) for a=1,",k—1,L0) =1

where I denotes the rXr identity matrix. We assume that L(k—1)=0 where
x>y means x=y, X7Y.

Next let mi{a) be the average number of individuals born from ¢ to t+1, per
individual in region j and age class a at time f, who are alive in region i and
age class one at t+1. Let M(a) be the rXr matrix, in which the (i,7) element
is mij(a). Then the following holds :

k
p(l,t+1) = ZM(a)p (a, t).

a=1

The generalized Leslie matrix is defined as follows :



(M), M), +ovevee, M)\
S, o, seeceee

def 0 ’ S(‘?")r. * . *

L] L] L]
G = Cte
° o °
.
. ° ° .
.

\0’ "...,.O,S(.k—'l),.o }

Using the above definitions, we can formulate the discrete, one-sex model of
multiregional demographic growth as

p(t+1)=G - p(t).
Hence
p(t) =Gl p(0), t=0,1,2,-,

where p(0) denotes the initial population distribution.
Our main result is the following proposition.
Proposition Assume that at least two consecutive M(i)L(i—1) are positive
matrices. Then the following hold : ‘
(1) G has a strictly dominant, simple eigenvalue 4o >0 .
(2) Let (1) be the characteristic matrix defined as

def & >
vii) = Y27 MG)LG-1).

J=1
Then ¥(2,) has the Frobenius root one.
(3) Let fo, ¥ be the left and right eigenvectors of G associated with 4,
and let f(1), ¥ (1) be the left and right eigenvectors of ¥ ( 1,) associated
with the Frobenius root one. Then v, is a nonnegative stable distribution
of G, and the following holds :

. plO> V10)
lim X;th'p(0)=%—L-; Yo = d 4 v,
£ oo fo, Yo £(1) [...,10 d/_x-_l[f (/10)] ¥ (1)

where V(0)=<fo, p(0)> is the total reproductive value of the initial

population.
From the above proposition, we know that
' C (0) >
s < fo
ple)~ At ——&—L; Y, (t—0).
<for Vo

Therefore, the age-by-region distribution p(t) is asympotically independent
of the initial distribution except scalar multipliers. In other words, under
the assumption of this proposition, the strong ergodic property holds for this
demographic process.
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An Analysis of the Relationship
between Nuptiality and Fertility in Japan, 1961—2000
through Macro-Simulation

Makoto ATOH, Tatsuya ITOH and Hiroshi KOJIMA

Japan has experienced a rapid decline of fertility since the middle of the
1970s. Although it has been indicated that one of the major factors Is a change
in nuptiality, the mechanism of its influence has not been fully probed into
yet. We attempted tc elucidate some of the relationship between nuptiality

and fertility through the use of a macro-simulation model which was originally
devised and further elaborated by one of the co-authors, T. Itoh (1977, 1981).

There are four major characteristics in this model. First we combine the
fertility survey data (age- and duration-specific fertility rate) with vital
statistics data. Secondly we estimate female population by marriage duration
by addition and subtraction of various vital events. Thirdly we use life-table-
type probabilities in the form of first marriage table and marriage dissolution
tables for projection purpdses. Fourthly we employed the nuptiality model de-
veloped by Coale and McNeil for projecting first marriages.

The program for this macro-simulation model is written in BASIC and
run on a personal computer. The simulation starts with the calculation of popu-
lation by age, sex, marital status, and marriage-duration in the base year which
could be either 1961 or 1981. We multiply‘ it with seven vital rates : age-sex-
specific death rate, age-specific first mafriage rate, duration-specific divorce
rate, marital-status-specific death rate, age-specific remarriage rate, duration-
specific birth rate by age at marriage, and rate of birth out of wedlock. Then
we obtain the number of these vital events and add them to or subtract them from
the base-year population by marital status and marriage duration. Through the
iteration of this procedure we calculate, for each year until 2000, the number
and the rate of these vital events.

We have tried only a few simulation runs because of its time requirement.
The results of these preliminary runs does not seem quite satisfactory in
traceability of the past, possibly because of the problems related to the model
nuptiality schedule or the input parameters for first marriage. The results
for divorce, however, traced well the actual change for the years between 1961
and 1985. We shall try further runs for the improvement of our model
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Does Rise in Age-Specific Marital Fertility Rate
Mean Rise in Fertility of Couples ?
: A Mathematical Analysis of Marital Fertility Rates

Kiyosi HIROSIMA

Fertility rate has sometimes been analysed by way of division into marital
rate and marital fertility rate because it can be expressed by the multiple of
the two. According to this type of analyses, the change is neatly explained
by the change in marriage and that in marital fertility. But if the analysis
is done through age-specific rates, the division is not complete in that the
age-specific marital fertility rate may still be influenced by the marriage.
For example, it has been recognized that the age-specific marital fertility
rates had rised between 1975 and 1980 in Japan. This, however, does not mean
that the marital fertility for a couple or the marital ever-born fertility rate
had increased. Rather, we should say that the fertility of a couple had de-
creased.

Under some condition, though ever-born marital fertility rate (EMFR)
for a birth cohort married at older ages is lower than that for birth cohort
married at younger ages, the age-specific marital fertility (AMFR) at age
x for a birth cohort married at older ages can be higher than that for a blrth
cohort married at younger ages.

Author, first, examined the relationships among marital fertility rates such
as age-specific marital fertility rate ( AMFR ), age-specific cumulative
marital fertility rate (CMFR) and age-specific ever-born marital fertility
rate (EMFR). Note that AMFR is indeed a part of CMFR but does not
have a direct relationship with the level of age-specific ever-born marital fer-
tility rate (EMFR) and total fertility rate (TFR), and that EMFR is
a direct part of ever-born fertility rate (EFR) or TFR, ie. EMFR X



MR = EFR (TFR) (MR : marital rate). On the other hand, age-specific
fertility rate ( AFR) has a direct relationship with cumulative fertility
rate (CFR) and ever-born fertility rate (EFR), ie. 3 AFR = CFR
(TFR) = EFR, if the level of mortality and divorce rate is very low.
Thus, AMFR may show a reverse change against the change of EMFR,
EFR or TFR.

Secondly, author mathematically proved that the following condition 1s prac-
tically sufficient for the above-mentioned relationships among marital fertility
rates. First, age-specific marital. fertility rate at age x for a birth cohort
married at age a+ k& (k> 0) is higher than that for a birth cohort married at
age a i.e. flat kx) > flax), an¢ second, the age-specific marital fertility
rate at age x for a cohort married at age a+k is lower than that at the same
duration of marriage, x—a—k or at age x—k for a birth cohort married at
age a ie fla+ kx) < f(ax— k). This condition can be called as “fertility
increase and decrease by rise in age at marriage”. This will occur under the
circumstances of the very low fertility arround the replacement level.

Lastly, author demonstrate an actual example via micro-simulation that showed
the above-mentioned relationship among marital fertility rates. The result of
the simulation made up the lack of statistics on the number of ever-born children
which should have been enumerated at the Census in 1980.
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SNy rsFva (1981)
® w8 1215 85.0 178 4 2026 121.1 900 394 3.9 3.60
B2 & 8 166 § 1356 .9 257.9 7.6 169 .2 131.7 466 1. 5.15
4 2 5 = ™ (1983)
& @ M 92.8 25.7 158.4 183.6 130.6 61.4 12.1 0.9 2.86
B & B 205.1 57.7 342.0 387.6 273.9 167.6 54.5 6.0 6.45
H & (180"
g ™ B 50.7 3.6 70.7 176.3 73.2 1.7 0.1 1.69
B K ® + 54.3 3.7 98.8 194.5 70.9 1.5 0.1 1.90
o (1980)
wom M 88 4 6.9 139.1 248 8 0.7 169 19 - 2.52
S B 93.9 9.0 205 .2 288.9 19.1 394 8.4 16 3.3
Sk R 5 v 976)
;s M| 192.6 2.7 257.0 382.8 24.4 2147 88.0 45.3 6.62
B H 8 211.3 62.6 277.3 335.4 309.2 229.8 141.7 8.7 7.19
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' . 2 w0 wakl?] 2o~k | s5~0m | 30~k | B~k | a0~k | SRULEY| th 4 ®
(3—ays9) '

A — 2 b U7 (18D

m h 43.8 29.8 102.6 92.8 45.6 15.6 3.7 0.2 1.45
B K ® 60.6 38,7 139.0 120.2 62.0 25.4 7.2 0.6 1.97

S H Y7 (198D

wooih 53.8 65.7 144.5 £8.0 31.9 10.0 1.9 ®0.2 1.7
B N B 70.0 142.2 392.7 8.8 29.1 8.9 2.1 ®0.2 3.37

7 4 v 35 vE (19832 L

moom M 52.0 15.4 8.8 120.4 75.3 29.9 5.4 € 0.3 1.64
L I 7.0 16.1 96.8 139.3 82.9 39.4 8.9 0.7 1.92

F4 v RESIE  18D?

W 54.6 48.3 170.9 100.5 3.5 8.6 1.5 0.1 1.82
B OH B 64.8 61.8 185.5 105.1 37.2 10.6 2.2 $0.2 2.01

£ oy v o7 (198D ‘

m m R 61.8 433 133.5 126.4 68.7 29.8 6.1 .9

B N B 82.9 81.7 240.3 175.3 81.6 33.5 8. 1.1 3.11

NovoA Y = (1983)

m W 44.3 35.2 122.0 92.7 38.6 1.9 2.4 0 1.51
B N B 57.6 81.7 176.0 96.3 3.1 12.1 2.8 ¢ 0.1 2,03

£ 3 v ¥ (198"

s m 8 4.5 11.0 63.3 112.4 65.4 18.1 3.2 0.6

B F® 55.1 4.2 82.0 169.1 81.3 21.4 4.1 ¢0.2 1.8
R 45.9 4.4 66.0 145.9 71.9 2.8 0.3

/w2 o~ (1980) ™

s B 54.2 23.2 99.1 118.1 60.9 20,8 3.6 ¢ 0.1

B H B 55.9 26.7 116.8 126.3 64.2 22.7 45 ®0.2

B - 5 v F (1983

mOH W 68.1 30.7 154.0 129.9 64.0 25.9 0.3

B R 99.2 40.2 250.8 180.1 93.2 4.8 1.2 0.8 311

2 4 x (1980)

W W 39.8 8.5 61.5 107.6 65.2 18.9 3.0 0.2 1,32
s N & 55.0 11.6 105.1 150.8 78.3 23. 4.9 0.5 1.87
(A€7=7)

2a—g-5vF  BDY

85 W R 50.8 28.9 89. 4 17.1 58.7 16.8 38 @ 0.1 1.57
BOH#® 145.8 99.9 343.3 303.4 125.1 3.3 8.0 ¢ 10 4.60
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ALFSIEHREFHEE L bDTHS.
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