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7 FVSRICRZ 5T L TRENHOBHESRMAEA 5, BBRIEAEE N7 FVEAEEST LT
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of California Press, 1968.

2) G. M, Feeney, “Stable age by region distribution”, Demography, 6, 1970. pp. 341— 348.
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Bras"”, Theoretical Population Biology, 2,1971.pp. 122~123.
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Programs, International Institute for Applied System Analysis, RR~78-18, November 1978.
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(2.9) BOFHNT b plt) DREINELERET 229 AT LTHD, FHBEZERE(mul -
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EDF BT ELLQBEED DT Ebh D, E1CHEARINTHE T EMD
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Lichi-C, lim F(A)=0, lim FRQ)=+c L Z2MOF () = 1 iZH—DERE 2, > 0%2FHD, ¢
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LODSIEEfTHTHEET B, CDEECD 70 =924 1, IBFICXRNTH 3.
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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%BAED LiehioT,
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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,
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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)™
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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 <
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(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,
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(4.2) 1tim AtAte =P ¢
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14) A, Schumitzky and T. Wenska,* An operator residue theorem with applications to branching
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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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