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Well-Being among Children and the Aged in Japan
Shigemi Koxo

This paper is based on the broader paper co-authored with Professor Samuel
Preston entitled “Trends in Well-being among Children and the Elderly in Japan”
submitted to the Sloan Conference on the Changing Well-being of the Aged and
Children in the United States held in Luxembourg, June 1987. Unless the Journal
of the Population Problems has the rigid regulation that the contributors to it
should be staff members of the Institute, the present writer should have had Pro-
fessor Sam Preston as co-author. Indeed, the main idea of this paper is Preston’s.
On the other hand, however, the present writer would like to mention that this
paper is not a translation of that paper and it is the author’s own account. It is a
brief message to Japanese audience on what is called the Preston effect and on the
application of his thinking to the Japanese scene. The main point of this paper is
to analyze the age-wise tables of monthly cash expenditures among Japanese
households and to show the present writer’s own interpretation.

The paper first discusses the recent trend of economic-demographic thinking
drifting towards that population growth is not so everwhelmingly negative factor
for economic advances as to swamp the impact of all other influences. In a similar
vein, it can be argued that the increasing proportion of a functional group of the
population is not so preponderantly menacing to its own well-being as to nullify the
impact of all other influences. As Preston pointed out in his famous Presdential
Address of PAA in Minneapolis in 1984, a conventional analysis of the 54 percent
increase in the number of the aged and 7 percent decrease in the number of children
between 1960 and 1980 in the United States would lead to the expectation that these
demographic changes world operate against the well-being of the elderly, and in
favor of children. Smaller numbers of children should allow the use of more educa-
tional resources per child ; and a substantial increase in the number of persons
over 65 should increase the strain on government pension schemes and subsidized
medical care. Preston argues to the contrary that the increase in the number of
the elderly has contributed to their improved well-being, while the decrease in the
number of children has served to worsen their relative position.

The present paper is an application of Preston’s theme to the situation of Japan
where culture and traditions are widely different from the European-descent cul-
tures.

Surprisingly, the Preston’s idea seems to be proved rubust for Japan where
culture and customs as well as social and political background are so much diverg-
ent. As shown in Tables 1 and 2 as well as in Figure 1, for past 10 years from 1975
to 1985, the expenditures of the households where the aged belong have increased
more rapidly than those of the households where children live. At the same time,
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there are clear difference in the expenditure trends by age which are especially
visible in the low income tabulation of Table 2. Between 1980 to 1985, declines n
the low income population were highly concentrated at age 60 and above. It is likely
that the exceptional reduction in the percentage of low-income group among the
older population between 1980 to 1985 is thought to be related to the expansion of
pension benefits.

Uufortunately, Japanese data on income have not been tabulated on a person
basis. To partially fill in this gap, original tabulations have been prepared of data
from the Social Survey conducted for Health and Welfare Administration, using the
tapes for 1975, 1980 and 1985. Household income is not available, but use has been
made of the data on monthly household expenditure as a proxy for income. The
Social Survey is self-weighted. The Survey interviewed 331,303 persons in 1975,
295,469 persons in 1980, and 283,854 persons in 1985.

Adjustments have been made of the expenditure data so that they are expressed
in 1985 prices. We have also adjusted for household size, using equivalence scales
developed for defining the poverty population in the United States.

In the similar vein as Preston did it before, changes in suicide rates, mortality
rates, patient rates, mental patient prevalence rates, youth’s height and weight as
well as teacher’s salary income in real terms were analyzed and discussed. Al-
though these indicators are important and show meaningful results to add another
aspect of robustness of Preston’s idea, there are a host of other intervening
variables in Japan which complicate and blur the direct relationships between the
offect of increase or decrease in population size and the well-being of children and
the elderly.
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Elderly Migration in Japan
—Newly Emerging Trend and its Analysis—

Sumiko Ucrtino

[t is only in a very recent time when a few scholars are beginning to be aware of
a new emerging trend of migration among the elderly population. Nevertheless,
this argument has not made up a serious issue to both academicians and policy
planners, partly because they are almost exclusively concerned with migration
issues of young adult population, and partly because they implicitly assume that
there are not much chances of making mobility among the elderly.

It should, however, be noted that migration of the elderly has become increasingly
an attractive subject of study among sociologists, gerontologist and economists
who deal with aging problems in the Western countries. A great number of field
surveys and related studies have been made to find out what is going on with re-
garding to residential mobility of the elderly. Even some useful theoretical studies
have been developed in order to understand mechanisms of mobility among the
elderly.

This article consists of three sections. The first section deals with issues and
related studies on migration of the elderly in the advanced countries. The second
section discusses recent studies on elderly migration in Japan. The final section is
devoted to an overall examination of migration trend of the elderly in Japan. The
1980 population census results are the baseline data for making analysis of elderly
migration, because the nationwide data based on questions relating to the time of
last move, place of previous residence and sex and age have been given in every
ten years. The 1980 population census is the latest one asking migration questions.

Elderly population is divided into five age groups, namely 65-69, 70-74, 75-79, 80-84
and 85 and above. For a comparative purpose, analysis is also extended to include
younger age groups, namely, 50-54, 55-59, and 60-64, where the migration rates
were lowest.

All 47 prefectures of Japan were examined. It was found that those prefectures
can be classified into three categories of migration. First is the group of increasing
migration rate for the elderly about 65-69 and above and second characterized by
traditional patterns showing continuously declining migration rate. Third group
shows irregularities. Out of 47, 34 prefectures are referred to as the first group
and seven prefectures as the second group, and six prefectures as the third group.

In addition, analysis was also made of 74 cities having a population of 300,000 and
over, together with the capital cities of prefectures not having a population of
300,000 inhabitants. It was found that 47 out of 74 cities indicate increasing trends
of migration, whereas there were no cities showing the tradational pattern.

At this juncture, it may be able to conclude that a new migration pattern of the

Y



elderly population has already been emerging in Japan. It is needless to say that

more detailed studies will be called for, including those of reasons why they are now -
making new decision to move, those of patterns and mechanisms of regional differ-

entials of elderly migration and so on.
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#2 MERRIERIFATR (ADFx) OELM (%) DB
% W | [BF025fE | ERFUS0EE | WRFNSLEE | BHFNMOE | WHAN4SEE | MEFNSOEE | WHFOSSEE | EAFNG0LE
5 ¥
0~4 18.50 17.52 14.67 14.16 10.67 | * 12.23 11.87 10. 04
5~9 12.54 * 14.04 13.73 * 15. 34 14.48 | * 15.65 15.27 | *18.73
10~ 14 9. 66 % 11.75 10.18 * 12.26 13.13 | * 18.25 18. 74 15.10
15~ 19 10.91 10.48 | *11.94 * 14.38 17.57 | * 18.58 19.34 | * 20.02
20~ 24 8.84 *13.29 | =* 15.31 * 21.54 < 22.30 21. 69 20. 92 17. 68
25~ 29 9.90 * 12.65 | % 13.55 * 18. 43 19.74 .18.29 20. 00 156.92
30~ 34 9.13 * 11,69 11. 49 * 13. 50 19.23 18. 84 16.35 | * 16.91
35~ 39 9.74 *10.62 | * 12.71 12.36 15.30 | = 17.19 16. 40 14.59
40 ~ 44 9.85 *10.04 | * 10.08 *.]11.18 13.98 13. 38 16.88 14.98
45~ 49 8.44 * 11.10 9.07 * 11,22 * 12.69 11. 12 11.59 | * 14.10
50 ~ 54 9.35 * 10.58 | * 10.64 9. 64 10.43 9.49 9.22 | *10.33
55 ~ 59 10.71 * 11,42 10.90 9.76 9.29 7.53 8.77  * 9.08
60 ~ 64 11.46 11.41 | = 11.67 9.20 8.25 7.25 7.17 | * 8.07
65 ~ 69 12.60 12.55 10.89 9. 53 7.39 7.38 587 | * 6.35
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85 ~ 89 12.15 6.87 | * 7.88 6. 36 4.80 * 6,87 6. 39 5.45
90 ~94 16.91 12.55 12.42 * 13. 47 10.30 9.56 6.83 | * 7.95
&% ¥
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40 ~ 44 11.26 * 11.46 7.97 * 0,13 9.26 8.77 10.34 | = 10.37
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556 ~ 59 10. 42 8. 38 6.94 * 7.1 6.17 5.95 7.05 | * 7.91
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80 ~ 84 10. 06 8.45 7.89 6. 36 5.96 * T.67 7.80 | * 8.22
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90 ~94 13.28 9.91 7.23 * 7.43 7.01 6. 89 7.70 | * 7.80
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&3 EBBAOER (a + bx) OHTED g
% ¥ % 7

S

a b b/a(%) a b b/ a(%)
0~ 4 18.97 1.17 - 6.17 20.03 - 1.33 ~ 6.64
5~9 12.06 0.65 5.39 17.80 ~- 0.20 ~ 112
10 ~ 14 8.38 1.17 13.96 10.79 1.58 14.64
15 ~ 19 8.38 1.56 18.62 14.29 0.27 1.89
20 ~ 24 11.27 1.43 12.69 9.93 1.32 13.29
25 ~ 29 11.00 1.12 10.18 10.67 0.70 6.56
30 ~ 34 8.99 1.26 14.02 11.33 0.29 2.56
35 ~ 39 9.37 0.94 10.03 11.86 - 0.16 - 1.3
40 ~ 44 8.11 0.99 12.21 10.31 - 0.11 - 107
45 ~ 49 8.50 0.59 6.94 7.85 — 0.0 - 0.64
50 ~ 54 10.10 0.03 — 0.30 8.08 - 0.17 - 210
55 ~ 59 11.57 0.42 ~ 3.63 9.00 — 0.33 ~ 3.67
60 ~ 64 12.48 0.70 - 7.1 10.69 ~ 0.60 - 561
65 ~ 69 13.88 1.07 - 7.71 11.97 - 0.72 - 6.02
70 ~ 74 13.36 1.00 - 7.49 11.41 - 0.58 - 5.08
75~ 179 11.71 0.76 ~ 6.49 9.71 | - 0.33 - 340
80 ~ 84 9.51 0.45 ~ 473 8.72 ~0.20 -~ 229
85 ~ 89 9.98 0.64 - 6.41 7.57 - 0.09 - 119
90 ~ 94 16.77 1.23 - 7.33 11.13 - 0.61 ~ 548
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IHF149~~51F | BHFI54~56E | HHFN49~514E | MEFN54~565
5 ~9 18. 86 17.01 20. 71 19.73
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HF49~514F | IBFO54~565E | HEFN49~514F | BHAN54~565F
30 ~ 34 20. 15 18.99 18. 61 18.18
356 ~ 39 19. 89 18.84 16.26 14.81
40 ~ 44 16. 16 19.27 12.15 13.38
45 ~ 49 12. 41 13.49 11.23 10. 38
50 ~ 54 11. 68 10. 67 9.47 10.14
55 ~ 59 9.68 10.21 7.31 10. 69
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80 ~ 84 0.8346 0.8383 ~ 0.44547 —0.1197 0. 8532 0.9243 | —0.2280 | — 0.0156
85 ~ 89 0.6379 0.7249 | — 0.4517| —0.6108 0.8338 0.8956 | —0.2414 | - 0.0400
90 ~ 94 0.2060 0. 3885 — 0.7881| ~—0.4338 0.7127 0.7358 | —0.2329 | - 0.3050
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The Trends in Regional Differences
in the Age-Specific Mortarity Rates

Takeharu Kaneko

We analyzed the trends in the regional differences of mortality by age group,
using coefficient of variarion and correlation coefficient.
The main results are as follows :

1) For age 0 to 4 : Coefficient of variarion have become smaller, and correlation
coefficients between the mortality rates in 1975 and their rates of decrease
were negative and statistically significant. Therefore, it can be concluded that
the regional differences of mortality have shrunk.

2) For age 5 to 19 : Coefficient of variarion have become larger, but except age 15
to 19 in male, correlation coefficients between the mortality rates in 1980 and
those in 1985 were not statistically significant, namely mortality rate is irregu-
lar. Therefore, it can be concluded that there are no regional differences in
mortality, except for age 15 to 19 in male.

3) For age 20 to 64 for female : Correlation coefficient between the mortality rates
in 1980 and those in 1985 were statistically significant, but were very small.
Therefore, it can be concluded that regional differences of mortality have
become very small. ’ _

4) For age 45 to 64 for male and age 65 and over for both sexes : Correlation co-
efficients between the mortality rates in 1980 and those in 1985 were statistically -
significant, and correlation coefficients between the mortality rates in 1980 and
their rates of decrease were not statistically significant. In addition, coeffi-
cients of variarion have become larger. Therefore, it can be concluded that
regional differences of mortality have not decreased.
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AODFEEHISE H Sb T HRFEOEE Y7 A — 5 itk - THIEBILE NS, Rogers (1975) 2 ®
EFNMCBVTIE}, o b A DEREADHEEG EREDORE, bbb, EEIIHIERI D AL ILE
EEBIL—DDEERNIHICIET S G v — KEH) CEAFE LS. DT &idusEne
TR L TR TRHARIT SN, MRTNEBERBE SN TS (Cohen, 1982; Feeney, 1971;
Le Bras, 1971 ; fgsE, 1986). L L€ 41l LT, Rogers (1975 ) BT
TARFERICE D FRODIESNTLR, BRI EHHPSELE Lk~ 1. KB BWILC DRo-
gers EFWMICHKRSIND Z R T EGHHBVALDEF VOB v~ FEBAT L, SKITEE
AOHEERICZOREWAG A5 ETH D, Lichi-TEFVOEMAY, SEREEHEICImns.S ¢
o, AR TR OB OoMAFBRICIZEMNT Vo - FR2EATICEE L, ¥BicE2ERICH
WTERBIBICEA T EE Lz,

I ZRIEEEADET IV

WEpi(a, t)da IZERRR (g, a+da) iTHBi-4REE (1=1,2 ++-n) AODALNEE S S b
TELED. TUubBpa, ) FERMBEEMY (age - density function ) TH Y, A KirEEs

Fla)= J{)‘ (u,z‘)du,‘
0

Wa BUTDi- READEEZ 3, p;(a, t)ida >0 TXE [wnLL@m%ﬁgm@@@?
H%. TZT MRE] LIZBEMIS O MMAT, ABRENEES S IcHIE L, 2ADRSREDS
DAONEIREFNC N EN BT &iIcis. AONZ bvp(a,t) %

pla, t)=C(p, (a,t), oo b, (a,t))", (2.1)

LERT B, TITc BEBIAETSS. qijla) G #5) % j- REMSS i — RE~DER o ic S
O BBEIREEIR &9 5. 4 (a) & i - KREEA DDFET- N (Force of mortality ) & 4 hid,

qjj(a)=—uj(a)-2q,-,~(a), . | (2.2)
) ES '
LEFEL, ¢,;(0%% (1, j)ERLTBeXniF5% Qa) &3 3, Qla) %%&EF&?J’EI@?‘T?U&;&
mi;(a) 358 @ T, j- RIBICH BEEOSEAER S 72 Dick s | - IREEOFERK £5 % 5 B4R
B THoL 5. Maldmj(a2E(i ,j)ERETHnxn iTHE L, HAERTH & ks cod

6) H. Le Bras, “ équilibre et croissance de populations soumises é des migrations”, Teoretical
Population Biology 2, 1971, pp. 100-121. A. Rogers, Introduction to Multiregional Mathematical
Demography, New York London Sydney Toronto : John Wiley & Sons, 1975.

7) J. Cohen, “Multiregional age-structured populations with changing rates : weak and stochas-
tic ergodic theorems”, In Multidimensional Mathematical Demography, 1982, (/&5 ) pp.477-504.
G. M. Feeney, Comment on a proposition of H. Le Bras, Theoretical Population Biology 2,
1971, pp.122-123. R§3eHF, [EHIRA QK E OB £ 7 1ico W, TACIEERZE], $1798, 1986
£, pp.1-15. o
8) BHURADE 7 ic> W T IIASA (International Institute for Applied Systems Analysis) #» &
EUD) R— b BLU IV Ea—s70s5 600 ESh 20EELSRLNTVS, FIZ LT A2ER.
F. Willekens and A. Rogers, Spatial Population Andlysis : Methods and Computer Programs,
RR-78-18, Laxenberg, Austria : [IASA, 1978. A. Rogers (ed), Advances in Multiregional Demo-
graphy, RR-81-6, Laxenberg, Austria : IIASA, 1981,
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X ZRFTEORENDE FBITFD L 5 15 Lotka ~Von Foerster ¥ 27 & Ik TR SH 3,

0 0
(a—a+5—t—)p((z,t)—Q(a)p(a,t), (2.3a)
p(O,z‘)=IM(a)p(cz,t)da, (2.3b)
0
p (a, 0)=¢la), (2.3¢)

ceTola= (g0a), »+« 6,(a))" FIHIAODAONY b4 THE, (2.3a) B FLs4
7@ Mckendrick-Von Foerster S8R TH 0, ADONNM & REMEBOBEEREL TN 5.

PLFTREF—IRTDBHICIES > THEREp (0, ¢) (HBER) icld 2EEAER (renewal
equation ) & Z 5. fTHHH HER

Zde Lia)=Ql@) Lia, L0 =1, (I :BEIFH) (2.4)

DR L LCHBRITH L (a) A EHT 5. COL% Abel -Jacobi "DARM HHFTHI L (a) 05
(1< a<o T LTHICELETS. LIa)DEG, ) EFE Liila) i, - RegcH A& LcAOD a &
Ti-REEICAEBLTOZRERLTOS, #BTHL b, a) ZL(b, a)=L(b) L) LEE 7
5. TOELERTHMRLOILD.

WE2.1:(1) L (b, a)>0 »OH#EBMEL(c,a)=L(c, bYLCh,a) ,c=b=a, KDL
.
@ LG, o) ["=exp[-p-a)], T, a=inf,, nlal

GEBE)  BHODICL (b, a) RETOWRAHERDETH 5.

;—bL(b,a)=Q(b)L(b,a), L(a,ad=1.

2z Cy=sup|q,la) |ETNIT Q) +7] REBFFITHY,

i)a

d
77 I:L(b, a)exp{n (b—a)}]=[Q(b)+ 77[] L(b, a)exp {n(b—-a)}.

9) Lotka-Von Foerster ¥ 27 ADFEBICS>WTRLUTAER. fES BRIAOKEDRERI E 7
v, TACRSEEIAZS, 881728, 19844F, pp.39-62.
10) AR, MEMSHRENROREN), SRR, 19794, p. 69.

W AFTRNy bve= (2, , ) CC O/ vaslTi z]=) o] £A05, dhChic
im]
;ngur, THA=(a,) 4 .o EBCT, C")(#FZL B(C", C" ik n REKFHIOBEEFT) D/ v

| A
,IA|=sup’ xl=maxi|a’.jl

2w | T

i i=y

o0

Li8B. Ny M ERE fla) K0V TR, WD oBueE L - yunlfl = [ fla) 1da%R
W3, 0
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-7, UFoXBI%1ES, 4
L(b,a) exp {77 (b—a)}=1 +J. [Q(p} +7]l] dp

b 0

J‘[Qp)+n]]j[Q(p )+77[:!de dpo+ o,
COJEiMi#ﬁ’C&) o L(b,a) bEBLES, L(b, o) DRBMIZHLLTHSS.
DERL; (b, a)EL(, @)D (i, ) BELTAE,

d
a’_bl (6, a)= Zq,-,,(b)lk,- (6,a), l(a, a) =10,

ko |

»fb IUAGERE ) by (b, a)=) (-, (6)) 4; (b, a)

i i=1 k=1 ket
= (-p) Zl,-,-(b,a).,
=1
Lichi-T
21,-,. (b,a)= exp["g (6~ a)].

§=1

NHRDEO I E&2R LTS, [

WBITIIL(b, ) ZHNVBETET (2.32 ) (3EME o - =const. CIR->TBEBICEY SN TLTF
DERBEAE 5.

ﬁ(a,t)={L(a)p(O,t-a),t—a>0, (2.5)

L(a,a-t) ¢ (a~t), a-t=0.
(2.5) % (2.3b) icAT T,
t

p(o,t)=fM(a)L(a)15(0, t-a)da+ f MalL (a,a-t )¢ (a-t) da.

(2.6)
LT,
CBU)=0(0,¢), Tla)= Ma)L(a) c(t)-fMa)L<a a-t)¢ (a-t)da,
EBFE (2.6) BUFORIcET 3, f
t
3(¢>=c<t>+qu(a)sct~a>da. (2.7)

0

ChE~Y bVBIOD N OBABNHIER (Lotka’s renewal integral equation )GCﬁﬁfA 51T,
(2.7) DfF B(t) LHHISM ¢la) itk ->T (2.5) i,
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Li@\B(t-a),t-a> 0,

La,a-t)¢ Ca~t), a-t =0, (28)

p(a,t)={
DB, BU)AREL, 20BE4E L Oo~NLC E0HEEA D,
I HaHEKX0EOME

CZTRBEFBR (2.7) OMOMEERITLLS. ¥la), Git) BERTHIT (2.7) »5d
R B L EOBBIRII[0, T], 05T <», TboCEdL MonTHE?. Cofifico

WTRET OFFEERO L2,
#E31 .m=sup| Ma)| &d5. ZD&x

|Bit) I<mlglexp [ (m-pudt]. (3.1)

iZl, lgl= J | gla) 1 da &3 5.
Q

GER) @2 10oUTAE5.

| G(2) |§J. | Mla)L (a, a-t) ¢ (a~t)|da gﬁ[exp (-ut)|¢ (a-t)|da
t t
=mexp (-ut) llgl.

(2.7) D#xtE% ENERITAE 5,

2

| B(t) |exp(ut) < m gl +n_1J- exp (za) | Bla) | da.
0

Gronwall DRZER 553 (3.1) 283, O

STk ORI FESTEROIBICE T ¢ —w & LIBOORENSHAEAD L Thb. 20
TI7 5 AEMERACS. B flalD T 75 REH FA), 2 €CBHABHT BB Ic 51T

o0

fu)=J}mp<—xa>fw)da, (3.2)
0
TEHESNS, T (3.1) BD (2.7) OMBID 575 AL BU) 45 Red > m - u THIET
5L EBbhs, FHEATOIAODERFAOCELEERO FIBEE f< Lrng
Pia) =0 a=p, Glt)=0,t =8, (3.3)

T&%mg,@uxau)m¢&1@xwomrﬁﬁﬁé.%ﬁ@%ﬁ&(mmWMmh)@ajaz
@u%%ﬁmﬁfazﬁmﬁm%bw.Ltﬁaf(&?)mafazgm%ﬁiw,

12) R. Bellman and K. L. Cooke, Differential-Difference Equations, New York San Francisco
London : Academic Press, 1963, Chapter 7.
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Bl=Ga)+#) B), Red > m~ 4| G
ZLTVERE 2% ' _
9=1{1ec; det(1-wa) = 0}={xecl; 1€a(Z) }, (3.5)
ELTEHLLS. HELoARITH ADR RS b LESERT. COLE (3.4) Hd
Bl= (1-2u»7' G, 1€ {1eC; Rea >m-p ) N @, . (3.6)

mm¢C\Q«%ﬁ%ﬁénf ﬁiﬁg%%wfwﬁma%&&mé I- WM&X@%%MT%
5, mmmﬁﬁﬁiﬁ@@%&ﬁ wx»‘@ﬁ#aﬁéébBt)béﬁfﬁﬁ%%f&m
i (3.6) BREENT

B(f1=—2-i—r-sz'exp<xt')('_r—zz?u))""’c?u)dz,,a>7;-g, Ty

g=—f o

%185, DL ST Blt) DIEEHEHRA 20 ABIKE LT3, 2 TUT T o0ME%
W3,

ER 32 2€Q2 OVWTYTHE D ILD.
(1) QUHFPERedA< m -4 kK&END.
(2) ngaERKﬁLT#iﬁRM)mjcﬁ@&ﬁm@®169L#EELQD
B) 1€ THNI 1€2Tbd s, LZLI1B A OBELETH 3.

GEW)  FU), 7€ RIFBEAIPY) @70~y RBERT LT E, £ P, 1SCEFRF
FITN) D7o~=oRBETE. 1L TP O G, ;)%ijma;mﬂm%@%(z,
HE?&T%%&HWT%%smm%ﬁﬂszath¢ &@nmsm(wun/wwném
BCEbmBY —F, Fl)<F (RA)THBHDL, F ()< F(Reue;mza L7hsmT, sprwm\
<F(Red)%185, \ ‘ ‘

|# (Red) | < J- L& (v) | GXP(;Relv)db
0

oo —~

= J. | Mlw) 11 Liv) |lexp ( - Relv ) dv =

. Red + 4

LichioT

m

F (Re1) = max ) Vi, ReD)= 17 (Red) S Rex+a

w1 . .
ZOp B, Red >m-p THIUL, spr (PN <1E750, 2iF Red Sm-p KEEND T EM
Hhb. Kic, QZRES. kb, EEOFRER ¢ < lhkéb6ﬁﬂ&ﬁ@@®lagbmﬁE
LISV EEREE+TITH 5. VERBDO QOER 1, =, +if,, n=1, S ISFEFIELT,
e e, SbTHBEFH. det([- T | 4 | <o TIEAIT m%mmmirmwmbmuﬂm%@

13) ZReERIE, TEED D ORIHE], AR, 19615, p. 114,
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FREBER LIV, LTS, k=1, 2, «»+DBENT, ¢, S By T
x5, ZDEx

©o

I‘,r’>,.,. Q) ~ J exp (~a*¢) exp (=i f,,,O) ¥, () d 10, (k—0)
0

—7, Riemann - Lebesgue OFE" H 5,

exp (~a®¢) expGifnaer( ) i (()d¢—0, (k—0)

c&_._ﬁg

L1tiaT, vy, (R, )= 0 (k=) THY, lim det (1 -¥ ()= 1 L7328, 0l
1, EQEFET . Lo TRBTRENL BBHOHATSSS. [
ROEEIE QHETHL, LbbEROSBROBRAL LTEOBRADE SN B—2D 5%
5% 5. |
EEI.3 BB L 0) = (¥ lolda BARFIETHNE,
0

()7, €QNRBELEL T, 7 > sup {Rel; 2€Q2,7, %2 }. T & FHALTH K/V\(ro)ta‘. 7o~N=

o RIR1E b, FI0)% PO @7 o~=y 2BEFOE, (VA0 <IThiudr, <0 FHER |
QFI0) = 1 THIUE 7 =0 @R , @F0) > 1 Thhigr, > 0 GBER) , £15.
@ R =U-2aD dr=r, T—RHOBAEL, ZDEHKR_,

-1

R_1¢=[d—z det (1 -w(1)) |/1=r0:| adj (I-% (r,)) ¢ (3.82)
<h 8> o |
<f0, ;yl wo > 0” (3.8b)

LLTHEABNS, Z2CTali(l -¥(r)) & (I-¥ (r,)) DRRFFHTHY, 1, . vz
NERT (r,) D7 u~= v 241 KETHEEDEE NS b ATHY, -¥, RUFTSZ 5035,

00

- = JaW(a)exp(~roa)da, (3.9)

1
0

GEF) (REDSETE, Plr), rER RIEADABALEITIITHS . L->T7 <=
Flr)> 0 BEELT, 54 —4 r icl L CIREREROCEESEETH 5. Fir) EL FORX

ER AR,

mmZ«/r,j gF(r)émaxZ o

J
i1 7 §=1

LtzhisT, hmF(r 1mF(r)—O%fﬁ57J>b HREKFlrl=1E3—DERr ZHI 5.
Liﬁ@)F(O)-lf&bﬂir = 0 F(0)>1t&b6ir >0 FlOb<1#5 17’ < 0&Hd . FElhone

14) #5135 B,
15) “RsE, RiHE, p. 88.



QENSDTHD. 4 & 8 LTI V) DARRIEND B, Reu> 7, 518 F (Rew) <1, Rey =
7, W5 F(Rex )= 1, Reﬂ\r o F(Repw) > 1 &15 0, ~f1, l€g (!!f(u)) 7b>bspr(§lf
(Reu))*—F(Reu) spr(i/f u)) =1, J:o'C Res=r %185, b Limu+ 0 ThHhid, W(u)<qf
(Reu) THoHM5, 1= spr (W) < Flu) <F (Reu). K->TRer <7y, Lihi>Tr >sup
{Rer;ise, r,#1 | 185, FIAE<S,, - ¥ V¥, >N 0 TILOA S, Schumitzky and
Wenska ( 1975) DIERRBHER 25 r 457 -PA) ™' O—OBTH 5 T & hibmd. (3.8
a)BHESHTHEH5 (3.8b) 25 %295, EHER

(I-%() adj (I -T2 =det (I-F () + I
A2Hn LT

d A A~
— (I=-w1) | Xadj ([-%(r)) +
dl A=r

0

I~ )) — adj ~¥(A) = — t (I -¥iA o[,
( ?If(r)dl adj (1 -w(2) I,z 21 det ( () |,I

=7 0

It
~

Ep R R

([-¥ (ry))adj ([-¥(r,))¢ =0
THhh, ?./If\ (7, D7 axR=9 2B L ICHETIEETEMIE—RTTHEIMN S, HBANF—, ¢ H
BFHELT, .

adj (=¥ (r,)) ¢ =c *y,,

LB, FL S, (I-F 0 )) =0THEBD /,, s EEDSHFNE,

d ~
C<f0v _.Wl 1/’0 >=<f0, ¢> (—i_,i det (l_g/(/“) lx:
Zh&b,

~1

d ) ~ <fo, 9>
= I-v( = 9
[dx®t” AVON m] adj ( 7o))@ A T

/b, £-T (3.8b) BLdahk. I

LiCOEED» b5 LI ic, MELEET @(0)0)713&;@;(7@ FIONZ, —RITDBEORIEL

EER (net reproduction rate) OB T F o 7 icHirs 750, £z 7 ) WEEADRER
(intrinsic growth rate ) 252 3 L5 SN %, TH5bb, B(t)@?%ﬁ}ﬁﬁ (3.7) ity

T, MABEr, OB~V N B EICE-T (€1 5HE)

Jexpmm 20D Gl (3.10)

r

r = Res ([ Zlf/l)) G(/l),

d=rg

1
Bl(t)= t) +
rexp(r,¢) P

16) A. Schumitzky and T. Wenska “An operator residue theorem with applications to branching
processes and renewal type integral equations”. SIAM Journal of Mathematical Analysis 6 2,
1975, pp. 229-235.
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r=1{z; z=z+iy, 7, > T >Sup { Red; 18, 7o 7= A }, mey oo |},

D, e >0MBELELT

| X1
I
i
|
|
|
I
|
I
! ><
I.’L‘ 7 g
|
|
|
|
I
|
Ir
Bit)=rexp (r,t) + O (exp [ (7 —e)t 1), (3.11)

PR AT N E SRR lr7fJ>L (3.10) et L TR EOMME S 25 Dl i'F‘;’lEi“C 3w, 22 TCUT TR
Heumans(1986) DHRBIC Lchi-T, Blt) DhHbic ‘

J&)=B¢) - G(t)—IW(a)B(tma)da ‘ : : - (3.12)
0
EBWT, Jit) @?@ﬁﬁﬁﬁﬁﬂ%%t&béca—tt?% BE S pvic Jit) 138% ¢ =0 LiMgictBE L/ AD
A ETAEERO AR ST, C@?L&)&CI/J'F’CL‘ COMDEREFEREDLOFTEL.
—##ic X% Banach Zf& 45 & &, Hardy Lebesgue BWH (@t X) &1, Red > a hHX~
DN g (1) TUITO&MRBIZTHOEE .

a)sup[Jng<a+n)|”dr]<m, | (3.13a )
b) glatit)=lim g (o+ic) MEEAEVLBECAHEELT, (3.13b )

(-0, o; X) BT 5.
Hardy -Lebesgue #EiTXd L’Cl/) F?f»ijD:ZO
EE34 (Friedman and Shinbrot, 1967 ) g(A)EH (: X)), a =0 é:‘é"#’uzt 3

17) Bellman-Cooke, HilE®, pp. 231-234.
18) H. J. A. M. Heijmans, “The dynamical behaviour of the age-size-distribution of a cell popu-

lation”, In The Dynamics of Physiologically Structured PopulatLons J. A. J. Metz and O.
Dlekmann (eds) Springer- Verlag, 1986, pp. 185-202.

19) A. Friedman and M. Shinbrot, “Volterra integral equatlons in Banach space” Transactions
of the American Mathematical Society, vol. 126, No. 1, 1967, pp. 131-179. '
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Sflt) = ——-o f exp(At) g di, r =«a,
2wt

LA

B NTDEEC =0, +00) IKBILT r ICEBRICER SN, LITHEKDO D,
(1) ﬂHmMUNW@ﬁT,mOﬂH=Qt<OT&5
2 Fla =
(3) a—omb 3, lim /(¢

W 3.5 (Riemann-Lebesgue) : fEL' (0, =; C) &L, %®7/71£1ﬁ%f&’9"ﬂi(0
) DFREBEXMELED z iz 20 T—HREiT

llmf(x+zy)——0 o » S (3.14)

lytsoo

W 3.6 (Plancherel) : F « f %P fEL' (-0, +00; C) NL*( =00, +o0; C) D Fourier
B, v10bb

(Fef) (») = '\7—£—2‘°7—T-J. exp(~-iya) flada,

00

EFHUE, FefeL (=, o; C) THV, Parseval DER
WF+ iz =1l Fll 2, A (3.15)
B FoD, 2L I Lt v nkgid,

ST, (312) TERLI JU) D775 AEH#EENE,

T =¥ B =2 (Jia) + G .
Lichs»>T

CTR=-wa) T e G, recNg, S (3.16)
283, Jt) DI 77 RAHEHREROD HEEHE 215 Eufhy)&Cu"FmﬁﬂﬁﬁT% 5.

BET . yOBNG (x+iy), W(x+zy),:cER ifcn%m (Zoo, oo C"), L¥ (oo, +oo
s B, C" NOEZTH, y@ﬁ@iﬁ&bf@'(m+zy)6(x+zy)elz (oo, +0: C") TH 5,

GEBH)  Gl2) & ¥la) DEFEBRE G(t)=0, t <O BLU¥la)=0, a0 LIRLTHFE, B4
et —exp (-t z)G(t), a—exp (az) V(@B ITNTOEHK i TENFN
L'(~o0, +00; C" ) NL (=00 +00; C"), L' (=0, 4e0; B(C", C")) NL* (=0, +0; B(C"
C') DERTHS. MEIEHD

6(3:+z'y) =+ 2r (F *~exp (-tx)G(t))(y)GELZ(—'oo,-FN;'C’i ) ‘
U(a+iy) =v/2n (Feexp (-az) Wla) (y)EL (oo, += ; B(C", C™Y.

%183, Schwartz ORERD S BICE(z+iy) Gla+iy) EL' (=oo, 400 C") E1BC &
bbb s, O
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WE3.8 (a>r, LFTNE, JWEH (aiC) THA.

GER) AR B gkt LT, BEISDS1 ([ - F C+in)) N2, 17120, £155
LEMbhb. —F, ¢ 2a¢ KBOTEK 77—’(1“W((+i7y))_lﬁigﬁaﬁ[—no, nolﬁfﬁﬁfbﬁo
b, $%C>0BELELT,

W (I-F(+ig) ) I1<C, 7€ (=m0, ),
i ~ ~ ~ ~
W7 Cc4ing) NS U (T-T(C+ig)) NN (c+in) G(C+ig) 0

LCNT(+ig) G (c+ig) .
(= a Thhif, Schwartz DAREFERBL U Parseval DFR KD,
W& (c+in) C(C+in) NP < I T (C+in) I 1G (c+in) I o
<2z llexp (~aa) ¥la) "L2 I exp(-at) G(t) Ile < oo
LichioT (3.13a) A5, Fh(ZaTR ] ((+ig) BT TS S5 5 (3.130) DD L.
0
DEDH#EMO S & CUTORBERSRINS.

BE3.G A, i=1, 2, -, n EOHE, DT OBTHB LY. ¥£722; 13 Red , = Rel,
=+ - +=Rex, Do LIEFSHOGNTVWSHET S, LDEE

kg

n (s)
A . f=1
= exp (. t) =i 4! +0( . 17
J) iﬂzl : {j;(j_l)!t } 0 (exp (54)) 3.17)
til, TCT

i 1 -1 '
Ao L J' -2, Tdx, | (3.18)
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THY, I, 11, RESEEET, 1, DD 0OME T ORBICE T ET 5.
(GERH) 7> max (0, 2,) g, EE 3.4 LHE3 T ORERT
r‘+.t'°° .
Jexp (At) Jada, ' (3.19)

r=i oo

J(t)=

2ni
%185, CTTHAM Red=7 Z8HBREA A (i=1, 2, *»n) #8AT Red=0FTY7 b S
BT EEERD, T2H2OLIBHESL, (=1, 2, »++n) 2RABCECRGEORIE &
L. ZdD& % Riemann - Lebesgue DFEM S

lim fexp- (At) JIdA=0,i=2 4

i
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6+:T 1;2 r+iT
Fal X 2 #rx
n~1
X 2,
) 4
X
X 1s
An
6-:T Vn r-¢7T
4
r=ur

LIEB T EDMDMSB. Lichi- T Cauchy DEEHS

8 +5 oo
2 ~ 1 ~
Jit) = Z Res { exp(M)j(z)}JrE—;_- j' exp (A¢) J(Ald 4, (3.20)
A= ki
i=1 3-f

%#18%. TZT Res{exp at) 7(/%) bid 2 =2, LB exp(Qt) //'\(R) DEYART .
. l=1" ’

U-T) " GRAK Red =5 L TERTHBEMD

844
1 " ~
I—Z-—TJ exp (14) JdA | = M) exp (31) . (3.21)
T
8~foo

LT

~ _ I F A ~
M@)=sup | J-¥ (6+5y)) ]!———J. | ¥(B+iy) G(d+1iy) |Idy,
—ool y< oo 27[ (322)

THAH., LIch-T (3200 & (321) » oMiER

Jit) = Zﬁgs{exp )T} +0 (exp (58)) . (3.23)

fe=1

185, BEGHEICK > T bic (3.17) %185, O

EIE3. 3 LTEH3 9 M OLTORREEES.




i

FIE 3.10 | EH 3.3 OIRED T TUTHRY L.

<f,, Clry)>

” Ve o (3.24
( o~ ¥ > "0

limexp(-r,t ) Blt

t»

TTT fy, ¥, BENEN i?f(ro) ND7o~x=y A1 &c}ﬁ,?%ﬁ_ﬁ@ﬁ’\"ﬁ FLTHD, -
(3.9) THALNS.
GEB) 3.3 &SEEE 3.0 2 SUTOWEREE 3
B(t)=G(t)+ Res {exp (1 ¢ )j,‘\(;l)} +0(Cexp(t)), 6<r, .
zeT Ao .

Res JIA) = Res (7 - ()™ ;?fu)c?u)

A=rg A=rq

= Res | (7-2uN™ G)-G) } = Res (7 - ¥1)” ‘G,

A=ry A=rg

<. r, B—HOBTH-125, (3.8a), (3.8b) &V

R <f0,5(r)>
Ee’os{exp(lt)](l)}~exp (ryt) - < for ~ ¥, Uy >

L33, koT (3.24) MES. U

wE, 1, €@ sEETEINE, (31D KOEEREE

Blt)= G(t>+ZA"’expu £)+0(ew G, (3.25)
i=1 ‘ : '

A1BA. Git)=0t=pTh-o1chb,

t)=ZA”’exp<x,.f )+ 0Cexp(88)), t=f, (3.26)

-1 . , P . R
§=1

L1535, —F, chETELDOADOFEEE, Lotka sk UiE LSRR 1, /Jﬁﬁfza‘(kﬁ?ﬂf‘g‘"ﬂ &

HER

1

Bliti=) Allexp 1,t), 2,2, 20, (3.27)

f=1

MIE DI ELEITHS (Keyfitz 1977 ; Coale, 1975 ; Rogers, 1975) L L CODJ:
5 15 EUEBE L — AR IR D 2 18T & Feller (1941) #99RL17c& 5D THS. Lopez (1961)
13 (327) M ¥la), Git) BERIEE%: éﬁ%éiiéiﬁETZsC&%T%?&:ﬁ?}tm AkIh Lo
BEVEVEELEEZL S, EEIIOEHELObMELIK, (3.2T) 08t =4 THD AL T

5lir_n MSlexp (8¢t) = 0, (3.28)

20) Coale, Keyfitz, Rogers, Aife& (E2).
21) Lopez Hifg® (F2).
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LB LB THS. i, KinAR

g +foen
1 ~ PN :
B{t) = Py Jexp(lt)([—iffu)) 'G(,()d,l,a>ro, - (3.29)
T

ag—§ e

PR D T - TV BIBAIT I, ﬁﬁ%%(SW)#mblﬁtb®+%%ﬁbw<0m¥iéhfm%’
L L2 o DERED, RADETFIVICEOT—HNKEBT 3 a), Gt KB+ & T
DIL2MEIhRDH->TVREY. —F, RAOEWTH BB LT — FEME RS 125 MHER
T+ THIC LTS ETEHLH,

IV #xz)d— NEH

BT & TSRS B 0 O AR HE T B D W BB Il d 2RSS X 175N B
EELY I EH3IDREDOTFT,

1im exp(=7,8) p(a, ) =7 yrla) , o C(4.1)
PEED 0 <A<l DN THERMRM [ 0, AJET—RICRY . #FL,
<f, Glr)> V(0)
(a)=exp (- ) Lia) LT = £ 0 =
’#o‘ 7y a a‘/’o r <f0,__gfl 1/"0> ’<f0"'—w'1."/’o> ’
(4.2)

THB. V), t =0 FHEEHEM (total reproductive value YT b, BREMH~2 sv (repro -

ductive value vector) f, (@) %

fola) = rL—.l(a) J- exp[—ro(p—a)]rilf(p)dp'fo , : (4.3)

LEHTNIL,
Vi) = J<f0<a),p<a',t>>da, (4.4)
: .

THEALNA. KL, f, BT (r,) OEEE | KBS BEEE~2 b 1 TH B,

G  \Eq(a, ) %
pla,)=exp (rot) {7y, lal+exp (=, a) Lialg (a, t) } (4.5)

KK > TER TN, DITFHRRD L.

0 7] : '
— + — (a,t) =0, ’ .6
(aa ax)q . ‘ _ ] (4.6a)

22) R. V. Churchlll “The inversion of the Laplace transformation by a direct- expansion in series
and its application to boundary-value problems”, Mathematische Zeitschrift 42, 1937 pp.567-
579. FEIFIME, Bk, T5 775 2 &H8), FEILHER, 19744, pp. 143-145.

o BH—



g0, )=pC0,8)exp(=7,¢) - 1, , (4.6b)

(4.6a) 5, t ~a> 0Tidqg (a, t)=q (0, ¢t ~a) &3, (4.6b ) BLUEREIIODS,
Itigl" lg (0, t)1=0 THADS, FEDec S0RMLTTO>ONBELRELT, 1g(0,)1<e,t >T

L35, ZLTO0=ass A RBTNTDaLDVT, t>T+ATIlqa, t)I=1q(0t-a)l <
e &Y, lexp (=ryt)p (a,t)-ry,ladl=|exp (-7 a) Lla)g (a, t) {<max (], exp(-7,
Ade. Lichi-T (4.1) REI[ 0, A] LT—RICEDID T &hbh b, Fi

<f,, G> =71, J exp (-7 £) Glt)dt

0

=-_'fo J exp (-7, ¢) J. Vi) L' Ca-t) ¢ (a-t) dadt
0

t

= J-rfo I ia)exp [-7, (a-s) JdaL (s)¢ls)ds = J"<f;)(s], d(s) >ds=V(0)
0 s . 0

chiy (4.2) 2%5. U

CCTERME <Y PV DBHEEEZTHC S T2 OBRMLBRES X OMHICLTHL. LEA
COfEM % (population operator 4%

d
A= - — + Qla), (4.17)
da ‘

DIA={yeL'(0,0;C"); AyeL' (0, =;C"), wo>=fM(a)¢<a>da b
0

LEHTD. TITDARIERZADERECTT. (EARACETEMBEEZEAS. §H4bb,

oo

( - d—d; +Q (a)) vla)= 2 yla), ¢(0)= J Mla) yla) da. (4.8')‘
' 0

(4.8) REBu@LhT, BEMHy, (a3
v la) = exp(=1a) Lla)y, , A€Q, y, €N - T(2)), (4.9)

TEAoh5A. 120 NA RFT5 ADFEZER (null space ) 2R3, D& XS MM
exp (12) v, (a)id (2.3) OEHKMESA D, ADKBRERRA™%

d t .
A" fla)= &—éf(a) + Qla) fla) + Mla) £(0), (4.10)

DA ={feL™ (0, 0;C" ) A FEL= (0, » ;C"), flo)=0},

23) BHREM~7 P WVRT TS THBAShAEEDN S, A, Rogers and F. Willekens, “The spatial
reproductive value and the spatial momentum of zero population growth”, Environment and
- Planning A, 10, 1978, pp. 503-518.
24) AQPEAHREVIEHIILITIC# 7. J.Song, C. H. Tuanand J. Y. Yu, Population Control in
China : Theory and Applications, New York : Praeger, 1985,
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LERTIE, yeD(A™) , zeDA Ikt LTHEIC
f<y(a), Ax(a) >da = J<A*y(a), zle) >da, (4.11)
0 0

BRI D. A* OEGEEIE
AYf=2F, fED (A™), : (4.12)
AR OIE, BB f (@) & LTUTAE 3.

f,(a) =" a) J. exp [ -A( p"a)]rqf(p)dp‘f‘ ) (4.13)

RIEL, CTTHENU - TR THB. b5, WE~ 7 i EEE ENE (4 12) o
BE1E r (5T 2EEMEE LTELNE. $2208% (4.1 »b

C—;—it—V(t)= J<fo(a), £p(a,t)>da = J(fofa), Ap(a,t) >da
0 0

=J<A*f0(a}, p(a,t)>da=r, V).
1]

£-T
Vit)=exp (r,£)V(0), (414

TRE. $hbb, REMEMIEMEKNICHATS ( Fisher DFHE) . L0 & SUpRHY
CHRBNC, ADFEMISERD SHRHME <7 V1B CEDBTES, VE ¥ o RO ADDERTH~ &
PBSVTHAGNB L LL ). ¢ ROADDERMM L, 2OAOBBERETICENT aBLIE I
BELHE Y & OUAE % < v 2B (BEADRER) TH DI Wi bDOKMEITH B & 55 &
N5, 2LT0E i - REIRBIAOS VS ETHE, T~ g lal %, Bi BEDEHBFNS
PI 0 (a1 TH Y, ThUANDERSC O THBE~ b 4

Bola)="C0, «+= 67a) 0, +e0 )

TN, | - RIEOFERD bR v, 12 5ERIC LY

v, ==<v,_[ J,exp (=7,2) ML (a,a-t)zzsi (@~t) dadt >

0 ¢

oo

=<v,jexp (-r,a) ¥lalda ce, >=<y, e, >,
0

ccvqui—giwlfwm¢&fotaéﬁm&ﬂFWFéé.cﬂﬁ?&f@i?ﬁoiom

oo

v jexp (-rya) ¥lalda="v,

0

e .



fﬁﬁhﬁﬁ%ﬂw.?UbBUEN(FrQOQ)Tﬁé.ﬁﬁmbfi—%iﬁﬁﬁfwﬁ%ﬁ
b (s-~a) TH-T, MOEHIZTRTH O THBE~NY bILE ‘

pl(S)zr(O’ ‘s 5(8\./-0)) Oy e, O):

EBdiE i - RED a BALD OB EMiv, () ZH i BRETEHNY bovwla) KOWT

lvla), e,

>=ypla)l=<v, J‘ Jexp[—ro (0-$) I Mo L (o, s) p;ls)dpds >

0 s

=v, | exp[ -7, (p-a) ]!F(p)dpL—l(a)ei >,

8 —

£-T

via) = rL_l(a) J exp( -n(o-a) ]rqf(p)d,b v,
8%, +HOLEY (4.13) KBVWTl=r, LL1cbDEE3.

S&R L - NEOE®RTORENE~DINEATES.

FHL9 . FEHIIORED T TLUTHELOILD.
D) 7, > - ¢ THUE

lim _[ 1p(a,t)exp (~7,¢) = ry,la) | da= 0. ©(4.15)

} »o0

0

@ a>0,r, < 0THAE
im [1p G ¢) 1da=0. : e
.

GGEWD (2.8) &h

t N
J- | pCa, t)exp (ryt) ~ryola)lda= J lexp (-7,¢) L(a)B(t —a) -7 y,la) |da

0 0

o0

+ JI exp (=7 1)L (a,a—t)rb(a—t)—f%(a) ldad;f[-*-j.

t

S 31005, T4/NEAFEED e >0 LT Me) Z L BEELT,
| BltYexp 7yt ) 79, | < Mle)exp ( ~¢2). (417

LichiaT, 7o+ a>e>0 ERMBLSIC e & LU

| Lia) | 1B(t -~a)exp [ -7, (t ~a) J-ry,lexp (~rya)da

I =

© e ©



l-exp[~Cutr -e)t ]
utry—e '

t
=Mie)exp (—et)fexp [- (_/f+ro ~e)a lda= Mle)exp (-¢t)
0
J:'DT}LTE[Z 0 &7 3. [EkkIC

exp( = (7, + pu)t)

J=exp (= (ro+u)t) Nglli+r |yl — 0 (¢ =),

ro+£

Lic#s>T (415) %185, 707, <O, x >0THO, | Blt) I SM(r)) exp (r,2) E115
M (r,) Z IBBEET D, 7+ 4+ 0 THHUL,

o t o
fl p(a,t) ldaé[ | Lia) 1| B (¢t -a) lda+J‘IL(a,a—t)¢(a—i.)lda
0 0 t

exp (r ¢ ) - exp ("Et )

=M(r,)
7‘0+E

+ exp (_Et) tgll-=0 (¢ —>c0).

Flor,+ u=0ThHhid,

“
Jip (a,t) lda <M (r,) exp (r,t )t +exp (-—gt) Fgll—=0 (t—>w).
0

L->Toghickk (4.16) 283 .0

%43:%@&3@&%@%&?%>—£?%nw,&%@0<A<wmﬁbf%zﬁ[&AJ
ET—#tic

. P (a,f) 'l/l‘o (a) ‘
1 =
e Wp (o 00 Tyl 0 (4.18)

GERD) Vi e="(1, «oo, 1) ZERESTACTITHEn- <2 b r&dhid pla,t)=0
ThBDS ‘ |

oo

Up (oo ) H=Ilp(a,t) | da = J<e,p (@, 1) >da .
0 ]
—F, TEHAL2IPD

iJ<e,p(a, t)exp(-rg a)a'a—J'<e,r1/f0(a)>da [
. )

i

|J<e, pGa,t)exp (=7 t) ~ry,la)>da |

0
éJ- lpCa, t)exp C-ryt) ~ry,la) 1da—0 (t — o) .
0

Lichi-T . 5
}im I<e, pla,t)exp(-r, t) >da= J<e, r«//o(a)>dé.
0 4]

—AQ-—



R Y )
pla,t) , p (a, t)exp (-rit) _ yppla)

lim ————— = lIim 7
= p (o ) 0 = J<g, pla, 1) >daexp(-ryt) Nl
4]

2185, PGEO—RMEIEERL 1A oRS. [

(418) [ LAEWHBEEN S P A —EDN M (REEMATH) KR T B LERLTS. F
(416) 13, r, < 0D Loy (a,t) =0 DRIl R Z2E (globally asymptotically
stable ) ThHBH T EAFLTVAE, FHI3INS 7, <0 &BBLHDIIFFOIT1EADT EDSAEE
+DTHotz, FDidHiciE (D - 70)) D nEOEENTHHRATNTETHS (Hawkins -
Simon’s condition), &5 W iE Q@(0) DIFFIE 7213 FIFID BAMAS 1 & /& (Brauer-Solows
condition ), T &EBHATH A EB LT s

V. ERERAEE-BAEFITREAOET V-

cc%@%%Am@ﬁﬁ%mfbf,@E%%?fﬁkm%?wm%%ixa.C@%?wmuT
Dk 5 153ERIRE % b o Lotka - Von Foerster ¥ X 7 L TR IN 5,

(—a—-f-—a—)ﬁ(a,t)=Q(a)P(a,t)+m(a,t)', (5.1a)

da Ot _

P(O,t)=J-M(a)P(a,t)da, ' (5.1b)
0 i

? (a, 0)=¢lal (5.1¢c )

t2t2L, TCTmla, t) FEAADDEREZRHETHY,

, .
m(a,t)=Pm-;{}(a+h,t+h)—L(a+h,a)p(a,H 1, (5.2)

-+ 0

Kk o TR E NS, UTFCEm e, 1) =0DBADsEELS. (5.1a) DBERDES.
WE (g, t,) R#EELT, hz= 0Tl T

B =p (ay+h, t,+h), QU=Q (g, +h), mlk)=m (a,+h, t,+h), (5.3)

CE#THIE, (5.1a) 5 | EEHIHERR

25) H. Nikaido, Convex Structures and Economic Theory, New York San Francisco London :
Academic Press, 1968.

26) CDYATDEF ML, —KTEOBEIROVTLUTOHERcBL TR SN TS, H L. Langhaar,
“General population theory in the age-time continuum”, Journal of The Franklin Institute, 293
(8), 1973, pp. 199-214, T. J. Espenshade, L. F. Bouvier and W. B. Arthur, Immigration and the
stable population model, Demography 19 (1), 1982, pp.125-133. S. Mitra, Generalization of the
immigration and the stable population model, Demography 20 (1),1983, pp. 111-115. T. J. Es-
penshade, Comment on Mitra's generalization, Demography 21 (3), 1984, pp. 431-432. S. Mitra,
On Espenshade’s Comment on Mitra's generalization, Demography 21 (3), 1984, pp. 433-434. S.
Mitra and P. Cerone, Migration and stability, Genus, Volume XLII-n, 1-2, 1986, pp. 1-12.
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d/\ ~ ~ ~ ~
— DU =QUAIBIA) + mlh), 50V =p (ay, 1), (5.4)

185, (5.4) bt hnT,

h

A -

ﬁm:&m{L%mam+JfﬁmQM¢ﬁ, (5.5)
0

LB, LI =L (a,+h, a,) TH5H. 22 Tla,, t,)= (0,t ~a) , h=a B,

pla,t)=Lalp (0,t-a)+ jL(a. om(p, t-a+p)do,t-a=0.

0 : (5.6)
¥t (ay, t,)=C(a-¢t, 0), h=t EBIJRI,

t
D(a t)=L(a,a-t) b (a-t, 0)+ IL(a,a—t+p)m(a-t+p,p)d,o,a—z‘>0.

0

(5.7)
2E5 mla,t) =0 RELIDS p (a, t))IFTCHAICELNAC EiIcEELLS. (5.6)
BEU (5.7) % (5.1b) KBATHIEHUFOEASEREES,
t
Bt) = Glt) +Hit) + j Ya)B (t-a)da, (5.8)

0

ZCZTBI)=p (0,t), ¥la) = Mla) Lla),

oo

Git'=| Ma)L(a,a~t)¢ (a~t) da, (5.92)
:
~t a
Hit)= M(a)-[ L(a.p)m(p,f—a+p)dpda
o 0
:ﬂ t
+ | Mia) J. L(a,a~t+p)m(a-t +p, p) dpda, ~ (5.9b)

¢ 0

THY, Mld = 0,t 2 TH-libd

Glt)= 0, Hit)= | Mla) J.L (a,p)m(p,t ~a+p)dpda,t =P, (5.10)
0 0
ERHTEICEBLLD, UTTEHBEEM (¢, 1) PHEICHITHEBEDLEEZS. 0L
&

Hit)=H{t) + H(¢), o (5.11a )
t a '

Hl(t}=J M(a)J- L(a,p)mipldpda , (5.11b )
0 0
o t

Hz(i)=JM(a)JL(a,a-t-i-p)m(a—ter)dpda, (5.11c )

¢ 0

—_T1



EBFE, (5.8) ofig Bit) it

£
Bl(z‘)=[-[1(z.‘)+[Llf(a)Bl (t -a) da, (5.12a )
0

t
Bz(t)=G(t)+H2(t)+JW(a)B2(t—a)da, (512b)
0

DEB, (t), B2 (INCE >T

B(t)= B (t)+ B,(¢t), (5.13)
TtBzon5%, (612b) KBLTK

Glt)+H,(t)=0,t =8, (5.14)

THoHirG, HHTTOREFEEEATE S, —%, (512a) KBTI H ) EH ) =HA,
t=p8THO, [0, o) TABRBHTIRBODIS r = 0 DEAICIBINETORBRISBEH T,
B, (t) DERERTE L 5 51bic T 2% THHT 2.

MEG 1 L BEAHEN
B(t)=G(t)+ J. ¥(@B (t-a)da, (5.15)
LB T

0
(@l G20, ¥l 0, [ 161 1dt <= [ 1#ta 1da <, (5.16)
| 0 0

(b) G(t), ¥(@)IEREELSD.

(c) TONIHMEREETS . ~ _
LEET 3. r,=max { Rersdet U-ZR)) =0}EgnEdr,€2THY, UTFHRYILD.
1) 7, <05 »

1

JB(t \dt = (1- 0D ' Glo), | (5.17)
0

@) 7,= 0745
t

<f, G a)>

(5.18)
.<f0'_w.]w0 > 1l(/‘O.

1
lim T exp(-r,u) Bluldu =

t o0

0

112U, v BT () OFEE 1 BT 2EBLUEEENS b LTHB,

- (REER)D exp(-st), sER% (5.15) DMBLICE LT, (0, T) THEATHIX, (515) Off
BtV 3EATHE0H

27) FEEEKR, TSEKEER], SUsE, 19528, pp. 112-118 8.
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T T T -
‘[exp (-st)Blt )dz‘=Jexp (=5t )Gt )dt +jexp (-su)'lf(u)J exp (-s2)Blt)dtdu
0 0 0 0

o0 o T
= -[exp (-st)Gt)dt + ,[EXD (—su)W(u)Jexp (-st)Blt)dtdu.
0 0 0

CLTIRED S, G(s) W(s)fP's}"’\T(DSER COWTEET S, £ >r, TR U- #(s)) FE
lﬁﬁl\'ﬂﬁgfiotﬁ>h

T

j exp (=st) Blt)dt < ([-0s)) 'Cls). (5.19)

0

(5.19) O TiC’)b\Tﬁnfﬁi*ﬂ(T_tltﬁﬁ'Céié#b T—ook LI:EBREES D, bbb,
s>7, GCioL\’CB (s) SEE LT

Bls)= (I-#(s) "' Gis), s >7,. (5.20)

ZlT0Er, <0 Thhid
lim Bls) = lim (- ¥(s)) " Gs) = (/- Z10) "' E(0)

5 ++0 s=+0

&Y, (51D %83, ro= 0 4N, Bls)his >0THEELT det(/-20D=0TH3h

5
S
5115?33(3)_511’33 det (/- 2(s)) 24 =715 B

= EZ det (U= #(s1) 1,_, 17 adj (7-F(0) Gl0)) .
S

2Ty 3EMAER det (1 - 1) = 0 DBUBTH » 7o & ﬁ det (7-@(s)|,.,#0 TH5
& lCE% L& 5. Hardy-Littlewood ® Tauber ZEE?® 1z & D

, 1
lim — | Blu)du = lim sB( ),

twoo f 5++0
0

THENS, EEIIOHELHbET (5.18) CBEOTr,=0 L LbD%1E5. 7, >0 DL
i3 t
Bitlexp(-7¢)=Glt)exp(~7,t) + JW(a)exp (-rya)exp (-7, (t-a))B(t-a)da,
o

LBUE = 0DBAKRESHS. [

LIEOWBICL > T B, (t) OWERBATNLE S, g ¥ la) B TTRE S ARSE S UL B, (£) 1385
ARETH D,

t
Bi#)=H(t)+ J‘!V(a)B; (t-a)da, (5.21)

0

28) Bellman-Cooke, AiiE%, p. 240 1.
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L18%. LT

t
Hi(¢)= Mlt) J L (¢ p)mlpldo= 0,
0

o

JHI'(t)dt = H, o) < oo,
0

Ltchio>T (521) Ik UCHiEES. 1 SERATE 5. ¢Hbb, 7, <0 THUI

B, ) = J Bltw) du= (I - 10) " H e = (- TIOD ™ Heo) |

0

LISBEMPD,
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Mathematical Foundations of Multidimensional Stable
Population Theory I : Classical Theory

Hisashi InaBa

In this paper, we investigate the dynamics of multidimensional stable populations,
which is described by the vector-type Lotka-Von Foerster system :

0 b
—t+— 1) =Qla EDN
(aa+6t)p<a Y=Qla) P (a

p(0,8)= _fM(a)P (a,t)da,
0

p (a, O =¢lal,

where p (a,t) is the population vector, in which the i-th element p: (a,t) is the age-
density function at time ¢ of the i-th subpopulation, @ (a) is a n X n transition
rate matrix, M (a) is a n X n fertility rate matrix and ¢ (a) is the initial distri-
bution. Our main purpose is to give a rigorous proof to the strong ergodic theorem
for the population process governed by the above system. Let L (a) be the survival
rate matrix defined by the sclution of the equation

d
— Ll@)=Qla) Lia) , LI0)=1,
da

where I is the identity matrix. If the net reproduction rate matrix

J‘!V(a)da W‘(a M(a) Lia,

0 :
is indecomposable, then there exists a strictly dominant characteristic root ro
such that

7o > max {Re X=XE.Q—{70 }},

where @ is the set of characteristic roots defined by

p&rec ; det ([~Jexp (—2a)Walda)= 0},
0

Then we prove that the following holds uniformly for any age interval of the
form 0 =g A< :
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<f, C/;\(-r >
li - )= :
‘112 exp (—7,2) b (a.t) < S

def

GG J exp (—7,¢) Glt)dt, ~w, =" Ja-exp (—7,a) ¥ialda,

exp (—rya)Lia) &y,

0 0

where fo and ¢, are the left and right eigenvector, respectively associated with
the eigenvalue one of the positive matrix Jexp (=ryad¥lalde "and <, > denotes
0
the inner product of n-vectors.
Furthermore, we investigate an open population model which takes into account
migration. This model is described by the Lotka-Von Foerster system with a time-
independent migration term m (a) as :

(£+£—) bla,t)=Qld b (a,t)+ ma,

b (O,z‘)=JM(a)1>(a,t)da,

0

b (a, 0)=¢la),

where m (a) is a positive n-vector, in which the i-th element m: (a) denotes the age-
density function of migrants at i-th state. Then we can prove that if ro is less
than zero, the population will become stationary ; if ro is equal to zero, the size
of the population will increase linearly ; if ro is greater than zero, the increase
will be exponential. But it can be seen that if 7= 0, the ultimate age-distribu-
tions will be the same as in the stable population model.
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10~14 | 495,152 - - | 0.19213 - - - - - -
15~19 | 494, 146 19.25 95,133 | 0.55537 0. 00409 0. 00409 - | 60.63 | 51.61 9.02
20~24 | 492,127 75. 02 69,177 | 0.22355 0. 00400 0. 00400 — | 55.83 | 46.80 9.03
25~29 | 490, 159 97. 46 477,714 | 0.01044 0.00411 0.00411 - | 51.05 | 41.97 9.08
30~34 | 488,143 98.51 480,867 | 0.00086 0. 00557 0. 00557 - | 46.24 | 37.13 9.12
35~39 | 485,423 98. 60 478, 605 - 0. 00986 0. 00883 0. 00103 41.44 | 32.29 9.15
40~44 | 481,133 98. 49 473, 886 - 0.01862 0. 01431 0. 00430 36.71 | 27.93 9.18
45~49 | 474, 231 98. 07 465, 064 - 0.03336 0. 02398 0. 00939 32.09 | 22.90 9.19
50~~54 | 462,808 97. 13 449, 547 - 0.07720 0. 03708 0. 04015 27.64 | 18.45 9.19
55~569 | 445, 311 93. 16 414,842 - 0.20380 0. 04997 0. 15383 23.43 | 14.34 9.10
60~64 | 421, 205 78. 42 330, 296 - 0. 28741 0.07313 0. 21428 19.41 | 11.54 7.87
65~69 | 386, 707 60. 86 235, 366 - 0. 38832 0. 11432 0. 27400 15.58 9.30 6.28
70~74 | 335.479 42.91 143, 968 - 0.49843 0. 18749 0. 31095 12.07 7.46 4.61
75~179 | 261, 002 27.67 72,210 - 0.61194 0. 29980 0.31213 8.99 6.20 2.79
80~~84 | 168,283 16. 65 28,022 - 0.74038 0. 43366 0. 30672 6.55 5.23 1.32
85~ 114, 661 9.21 10, 558 - - - - 4.7 3.48 1.23
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10~14 | 496, 186 - -1 0.17391 - - - - - -
15~19 | 495, 754 17. 41 86,289 | 0.55958 0.00141 0.00141 -~ | 66.23 | 45.09 21. 14
20~24 | 495, 056 73. 44 363, 581 - 0.26329 0.00153 0. 26176 61.30 | 40.14 21.16
25~29 | 494,183 54. 20 267,853 - 0. 09269 0. 00220 0. 09048 56.40 | 35.59 20.80
30~34 | 493, 042 49. 29 243,026 | 0.08661 0. 00321 0. 00321 - 51.50 | 31.17 20.34
35~39 | 491, 460 57.98 284,951 | 0.07790 0. 00494 0. 00494 - 46.63 | 26.69 19.95
40~44 | 489, 034 65. 81 321,831 | 0.00112 0. 00752 0. 00752 - 41.81 | 22.16 19.64
45~49 | 485, 356 65. 92 319,958 - 0. 10297 0.01101 0. 09196 37.05 | 19.00 18.04
50~54 | 479, 757 59. 82 287,012 - 0. 17991 0.01582 0.16409 . | 32.36 | 15.33 17.03
55~59 | 471,490 49. 92 235,377 - 0. 26004 0. 02285 0. 23720 27.79 | 12.60 15.20
60~64 | 459, 270 37.92 174,169 - 0. 33462 0. 03626 0. 29837 23.32 | 10.37 12.95
65~69 | 439,699 26. 36 115,888 - 0. 44862 0. 05815 0. 39048 19.02 8.48 10.54
70~74 | 407,929 15. 66 63,898 - 0. 54077 0.10303 0. 43773 14.96 6.97 8.00
75~79 | 354,122 8.29 29, 344 - 0. 63059 0. 18766 0. 44294 11.25 6. 04 5.20
80~84 | 268. 764 4.03 10,840 - 0.66788 0.33389 0. 33399 8.11 5.27 2.84
85~ 245,143 1.78 4,355 - - - - 5.66 3.59 2.07
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14 98, 991 - - | 0.02736 - - - - - -
15 98, 957 2.74 2,709 0. 04753 0. 00050 0. 00050 60.63 | 51.61 9.02
16 98, 908 7.49 7,410 | 0.03059 0. 00067 0. 00067 - 59.65 | 50.64 9.01
17 98,841 10. 65 10,431 0. 19936 0. 00080 0. 00080 - 58.69 | 49.68 9.0l
18 98,763 30.51 30,128 | 0.23162 0. 00086 0.00086 57.73 | 48.72 9.02
19 98,677 3. 69 52,977 0.06818 0. 00088 0.00088 - 56.78 | 47.76 9.02
20 98,591 60. 51 59, 658 0.05131 0. 00087 0.00087 - 55.83 | 46.80 9.03
21 98,506 65. 65 64, 666 0. 08100 0. 00N84 0.00084 54.88 | 45.84 9.04
22 98,423 73.75 72,590 0.11871 0. 00081 0. 00081 - 53.92 | 44.87 9.05
23 98,343 85.63 84,215 | 0.07001 0. 00079 0.00079 - 52.97 | 43.91 9.N6
24 98, 265 92. 64 91,034 0.03171 | 0.00078 0.00078 - 652.01 | 42.94 9.07
25 98, 188 95.81 94,079 | 0.01424 0. 00079 0. 00079 - 51.05 | 41.97 9.08
26 98,111 97.24 95, 403 0. 00528 0. 00080 0.00080 - 50.09 | 41.00 9.09
217 98,032 97.77 95,845 | 0.00356 0. 00081 0. 00081 - 49.13 | 40.04 9.09
28 97,953 98.12 96,116 | 0.00236 0. 00080 0. 00080 - 48.17 | 39.07 9.10
29 97,875 98.36 96,270 | 0.00073 0. 00079 0.00079 - 47.21 | 38.10 9.11
30 97,798 98.43 96, 266 0. 00038 0. 00080 0. 00080 - 46.24 | 37.13 9.12
31 97,719 98.47 96, 226 G. 00048 0. 00085 0. 00085 - 45.28 | 36.16 9.12
32 97,636 98.52 96, 191 0. 00026 0. 00093 0.00093 - 44.32 | 35.19 9.13
33 97,545 98.55 96, 127 0.00012 0. 0(_)103 0.00103 43.36 | 34.22 9.14
34 97,445 98.56 96, 040 0. 00002 0.00112 0.00112 - 42.40 | 33.26 9.14
35 97,336 98.56 95,935 0. 00019 0.00118 0.00118- - 41.44 | 32.29 9.15
36 97,220 98.58 95,840 | 0.00037 0.00127 0.00127 - 40.49 | 31.33 9.16
37 97,097 98.62 95, 754 0. 00009 0.00140 0.00140 - 39.54 | 30.37 9.117
38 96,961 98.63 95, 629 - 0.00194 0.00157 0. 00036 38.59 | 29.42 9.117
39 96,809 98.59 95, 443 - 0.00202 0.00176 0. 00025 37.65 | 28.47 9.17
40 96,638 98.56 95, 251 - 0.00201 0.00195 0. 00005 36.71 | 27.53 9.18
41 96,449 98.56 95, 060 - 0.00256 . 00213 0. 00043 35.78 | 26.59 9.19
42 96,244 98.52 94,816 - 0.00295 0.00230 0. 00065 34.85 | 25.66 9.19
43 96,022 98.45 94, 536 - 0.00318 0. 00252 0. 00066 33.93 | 24.73 9.19
44 95, 780 98.39 94, 236 - 0.00364 0. 00281 0.00083 |'33.01 | 23.81 9.20
45 95,511 98.31 93,893 - 0.00473 0.00313 0. 00159 32.09 | 22.90 9.19
46 95,211 98.15 93, 449 - 0.00425 0.00348 0. 00077 31.19 | 22.00 9.19
47 94,880 98.07 93. 052 - 0.00500 0. 00384 0.00116 30.29 | 21.10 9.19
48 94,515 97.96 92, 587 - 0.00535 0.00424 0.00111 29.40 | 20.20 9.20
49 94,114 97.85 92,091 - 0.00711 0.00473 0.00237 28.51 19.32 9.20
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50 93, 668 97.62 91, 437 - 0.00767 0. 00532 0.00235 27.64 18.45 9.19
51 93,169 97.39 90, 735 - 0.00795 0. 00595 0. G0200 26.78 17.58 9.20
52 92,614 97.19 90, 014 - 0.00942 0. 00655 0. 00287 25.93 16.72 9.20
53 92, 006 96.91 89, 166 - 0.01116 0.00712 0. 00404 25.09 15.88 9.20
54 91, 350 96.52 88, 172 - 0.01684 0. 00765 0.00919 24.26 15.09 9.17
55 90, 648 95.63 86, 687 - 0.01888 0. 00820 0. 01069 23.43 14.34 9.10
56 89, 901 94.60 85, 050 - 0.01985 0. 00876 0.01109 22.62 13.59 9.03
57 89, 109 93.55 83, 361 - 0.02652 0. 00932 0.01720 21.81 12.88 8.93
58 88,271 91.93 81, 150 - 0.03541 0. 00995 0. 02546 21.00 12. 24 8.76
59 87, 382 89.58 78, 277 - 0.06700 0. 010567 0. 05643 20.20 11.83 8.38
60 86, 431 84.50 73,033 - 0.06316 0.01151 0.05165 19.41 11.54 7.87
61 85,410 80.11 68, 420 - 0.04328 0.01262 0. 03066 18.63 11. 11 7.52
62 84,315 717.64 65, 459 - 0.04922 0.01359 0. 03563 17.86 10.57 7.28
63 83, 148 74.85 62, 237 - 0.05463 0. 01470 0. 03993 17.08 10.07 7.02
64 81,901 71.84 58, 837 - 0.07468 0. 01594 0. 05874 16.33 Q.66 6.67
65 80, 556 67.58 54, 443 - 0.07145 0.01770 0. 06376 15.58 9.30 6.28
66 79, 091 63.92 50, 552 - 0.07155 0.01977 0.05178 14.85 8.90 5.95
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