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A Demographic Study of Hokkaido

       and the Rest of Japan

  -The Appiication of the Multiregional

          Demographic )V{odel-

       Lai Yin Shem and Etsuo Yamamura

I')epartment of Regional Planning, Division of Environmental

   Planning, Graduate School of Environmental Science,

        Hokkaiclo University, Sapporo, 060, Japan

                                    Abstract

   Iln order to stiidy the clemographic behaviour of Hol<kaido in relation to the national context,

a multiregiQnal demographic model, developed by Andrei RQgers in 1978, was adopted. Conven

tional demographic models cleal witl'x single-region populations whlch are assumed to be closed to

migration. However, internal migration has been recognized as a dominant phenemena in inter-

regional disparities. Thus, the multiregional demographic model was examined. The life table

and proje¢tion matrix, like in the slngle-region mQdel ferms the methodological core of the mu-
ltiregionaa model with its three sets of components-stocks, events ancl flows. This model was

applied to a two-region stuciy of Hol<1<aido and Rest of Japan using 198e clata. The mttltiregional

life table, which describes the mortality ancl mobility history ef a cohort, was computed. From

this life table, a pxrojectiQn growth matrix wlth age-speeific birtli rates ef parents, and survivorship

rates was computed and a 40-year prQjection was derived. II"he multiple reiteration of this projec-

tion will ultimately converge in the stable population. Results of the eomputations show a striking

high rate of out-migration of young people in tl)e 15-19 years age-group from Hol<kaido. The

raplcl change in age structure over the 4e-year projection period for both regions ls another striking

observation.

Key Words: }vlultiregional demographic model, i'opulation growth, Life tal]le, Stable population,

Hokl<aido, Rest of Japan, Pro5ection of population.

1. Introduction

    Classical mathematical demographers have traditional}y dealt with slng}e-regioR

populations which are assumed to be closed to migration. However, the major

issues on population growth and development in both developed and developing

economics can trace their origins to the differential impacts of human migration

betweeR rural-urban communities, city-suburban divisions and depressed-expanding

subregions withln national bouRdaries. Accordingly, a multiregional mathematical

analysis was developed in the 1970's by Andrei Rogers and his colleagues and the

methodology was perfected at the International Institute for Applied Systems Analy-

sis (IIASA> in Austria.
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    Multiregional dem,ography is

the systematic study of human

population trends and phenomena
over time and space. .･ Specifically,

thesetrendsaredeterminedbythe i--"-M
structual components, as age and i
                                  isex;thevitalcomponents,asbirth i
anddeath;andthespatialcompo- i

nents,asin-andout-migrationbe- l
tween regions- or, in other words, l

                     even.ts and tthe population              stocks,

    This paper presents a study }
on this multiregional population j
model and its application to a 2- I

lteg,i?n.,cs.ss.:i".o,k5ag,x,3,ng,[Rg t,

computatiohs are presentecl and l

analyzed... i
          '                      ･l                                   12. The single-region medel                                   --r
                  '    ' '    The single-region demogra- IH--
phic model is first introduced as l

it forms the base of the multi- i

regional model. 1
    Thelifetableandthepopula- i

tiQngrowthprocessformstheme- I
thodological core of the conven- l

                                   itional single-region mathematical ,
                                   I---demography. The life table is a
life history of a hypothetical group,

orcohort,ofpeople(inthiscase Figurel.Flowforcomputationoflifetable･
100,OOO) as it is diminished gradu-

ally by deaths. The record begins at the birth of each member and continues until

all have died. The computatioR of the single-region Iife table is summarizecl in

the fol}owing Figure 1,

    where the age-specific variables are:

         q(x)=:probabilityofdying. L(x)=:numberofyearsiived.
         p(x)==probabilityofsurviving. T<x)=:expectedtotalnumberof

        m(x) :=annual death rate. person years.
         d(zii==numberofdeathrate. e(x)==averageexpectationoflife.
         I(:t)=:numberofsurvivors. s(x)=ratiosurvivinginage-group.

x285

'START
l(O}=IOO,OOO,f<85>=.10

M(x)m{x)

DOx=Ot5t.･-.r85

yes

no
q(85)=!.O

5M(x)
q(x)- 1+5/2M(x)

x"o yes

no (O)=1OO,OO

di{x)=1{x)g(×)

yes
x=±85

no
d{8S)

1(x+5)=i(x}-d(x) (85)==
m(85)

L(x}=gl(x)+l(x+5)

----nv-
"-Do×=O,5,...,8

lx+s(×)== L(x)

T(x)
e(x>==

l(x>

---------
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    The population growth process is composed of the discrete formulation of

Lotl<a's model which expresses the growth process of population by means of a

matrix operation in which a popu}ation age distribution, set out as a vector, is

multiplied by a projection matrix that survives that population forward toward

time. Taking K("> (x) as the number of people between ages x and x+5 (in a 5-

year age group analysis) at time t, the projection process can be expressed com-

pactly in inatrix form. By grouping all the K(`)(x), for :v=:O,5,10,,･･･2 into the

vector {K(e)}:

                K{t) (O)

                K(t･) (5)

        {K"'}=: KO' (10) where K(ic"D(x+5)=KCt'

                 l

                K(t) (2)

we have,

        {K(t+i)} ,,. S{K(t)} (1)
where,

          s ==

(survival vector)

    To obtain a comp}ete

number of babies boyn
year interval. This other

        K(t--o(o) ,., ,,l,l..5-,(

where F(x) = illl[XS- or the

The coinbined application

rnatrix form may be expressed

S+B. Thus, the population

        {K(t+i)} = G{K(t>}

    O O O'''e""e",'Q
--k-.--(･-k-,/1--)･-- o o･････････o

    o -L.- (g,9)- o ･････････ o

                       L (2)
    o o e･-･･ -'L'('E"wu''s>'" O

 projection, one must make an

during those 5 years that survive

  positive element B may be

-L- (- -SQ--)- [F(x> +s(x) F(x + s)]IK"' (x)

  annual age-specific birth rate.

  of the two survival aRd birth

       by the matrix multiplication

    matrix takes the following

 allowance for the

     to the end
expressed in the

 equatioRs (1)

    G {Ar'(t>},

form :

(2)

'

 expected

of the 5

equatlon :

 (3)

 and (3) in

where G==

(4)
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where, if cr=:1O,

G=

  for example, then,

o --g--,C-/5-i--[-L.-(-118-,>--

             'L(5)
""Z'<nvo'">''" o

           L(10)
  O "'''''''''I(5'"')

        matrix model

be computed for each

  can be respectively

F(10)] -g--((8-?--[F(io)+-2--f,･l,5-l--

            o

o

F(15)] "''O

･･･ o

･･･ o

               t-
               .

               e

               o･
may be applied to either sex.

sex and the age-specific rates

introduced to obtain a separate

 .

  .

 --

An
of

.

.

.

o

(5)

    This single-region appropriate
and fatherhood projection for
males.

    The long-run implications of maintaining current age-specific birth and death

rates through repeated multiplications of the matrix, {K`t"n'}--Gn.{K"'} will ulti-

mately converge into the stable population, where a stable age composition charac-

terized by unchanging proportional relationship between the elements of its age

distribution is achieved.

3. The multiregional model

    The introduction of the migration factor between regions in a population system

reduces the applicability and practicality of the single-region model in the computation

of projections and distribution of multi-regional population systems. Therefore, the

spatial component of population movements as summarised in the Lexis diagram
below has been sttpplemented to the central concept of the iife-table, growth process

and stable population.

    In this diagram, aB individual's alternative movements between 2 regions are

illustratecl. Five classes of life lines are represented by A, B, C, D and E. Life

line A represents a survivior in region 1 who does not migrate. B and E belong

to those in region 1 who die during the unit age interval. C refers to individuals

who outmigrates from region 1 to region 2 and returns before the end of the
age interval. And D represents an individual in region 1 who outmigrates, survives

the unit age interval, and does not return before the end of the interval.

    The computation of a multiregional life table begins with the estimation of the

age-specific outmigration and death probabilities:

    hpij(x)=probabllity that an indivldual in reglon i at age x will survive and be

           in region j' at age x+h.

     i"qi(t) =probability that an individual in regioR i at age ℃ will die before
           reaching age x+h.
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              Figure Z. Two-region Lexis diagram (Source: Rogers, 1975).

     i.lj(y)=expected Bumber of survivors alive in region 1' at age y among the

            li(rc) iRdividuals now alive in region i at age Jrc.

    ,iza'ljk(y)=expected number of survivors a}ive in region k at age y+h, among

            the ,e.lj(y) individuals now alive in region ]' at age y and previously

            living in region i at age x.

    i$Lc4(y)--expected number of deaths between ages y and y+h among the
            i.lj (y) individuals now alive in region i at age x.

    The computations of the multi-regional life table start with li(x) and find

,tts'lid (x) for all i, 1' = 1, 2, ･･･, m, and then, by using iigli,･ (x), or the equivalent i.l,- (x + h),

we calcu}ate i2'ldk(u+h) aRd ithLdj(x+h) for each i, i k=1, 2, ･･･, m, and we will obtain

the corresponding rkLjk(x+h), where,

    ,tigLjk(y)=total person-years lived in xegion K, between ages y and y+h, by

            individuals who were a}ive in region j' at age y and previously were

            living in region i at age x.
           -S:L･.l,, (y) dt.

    The figure below graphically shows how Rogers traces the survivorship and

migxation history of the life table population in region i at age x.
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':-t.Lt.ttttttttttt .t /tt.tt.t..A
Regioni

'

SLij{x+h)

.ttt.ttt

'

.iRiij(x+h)

i.lj(x+2h)

iRiij(x}
lxij<x+h)hixlij(x+h)

-.t.../t.t. tt.ttttt

±itLij(x> i:Ljj(x+h)

ii(x)

Regionj

' ..

iRLji(x+h)

･1･･x+h

/tttt

ixli(x) ixli

iRiii(x)
ixli(x+h>ixhlii(x+h

ihxLii(x) SLii(x+h)

ttttttttttt

          x x+h x+2h            Figure 3. Survivorship ancl migration history of the cohort lt(:x).

    Of all the people in the initiai cohort li(x), tts'li,,･(x) moved to region j' during

the following unit interval, living itsLij(c) person-years in that region by the end

of the iRterval. The remaining people who survived in region i, that is, i,k'lii(x),

lived a total of 'bai,t(x)il'lii(x) person-years (a being the average number of years

Iived) in that region during the same interval. By adding the following three

grbups:
    ibatt(x)tts'lie(x)=person-years lived in region i

    hai,,･(x)iStli,,･(x)= person-years lived in region i by those in region i at age x who

                 are in region y' at age x+h
    '"ag, (x)i,k'di (x) :=person-years lived in region i by those in region i at age x who

                 die in the unit interval,

we obtain i2'Li,t(x). Return migration from tl."l,i.i(x) to region i in the following

unit interval will live a total il.CL,･i(x+h) person-years there, and they join the

surviving ith'li,t (x) nonmigrants in region i to form i,,li (x+2h), that is the survivors

of the'original population in region i at age x now in region i at age x+2h,

    After coi[npleting the survivorship and inigration history of this group, we naay

compute the expectation of life beyond age :c for the cohort ld<x) by:

        ,.le)･(a;)-i`c//i.,r(･li(;iE). ,, ..,.,., , ' (6)
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where

                 Zitl. X
        i,,,Tj(x)=£ Z] i,'#Lkj(y) =: Z] i,ts'Li,j(y) (7)
               y,,.xk.'t y.-'x
2 denoting the starting age of the interval. Age-specific out-migration ancl death

       hm.(x) =- -`gE'('S)-v/'L/tf.(-X)) (s)

       hm,,(.t)- "2LIEg) =: "ZidtS8) (g)

Furthermore,

        q'(x)=.,,k,.[,ww::;fg,).]iL.di"(lg'-,-[,-g;i(,ls3.]}{zigma(.) (io)

       A'"X'==.,,k,-+[i-ecx,)]daM'(lg'÷[iwwg,:i,:g]lillll,(.) (ii)

where

        A4, (x) - ".",Sg'

In addition,

                'llt        if.'Lji(y) r: "'ajk(y) i,f.'l,ik(y>-Yha.i,-(y) i.'tdj(y) (12)

        ,tL,n,(y> == [h -ha,,K<y)] iSt･l,k<y) (13)

ancl for ages above 85 years,

       ,w,L･,(ss) =: 6ggSz58(s5g) (14)

       rsoL't(ss) ex: 6ts89111Z',5(8s5s)) (ls)

The composition of survivorship and outmigration proportion i$ done through the

following equations:

       s,,(x)-[zolif,t.`5,il;,5'--'s'S{,',`9,;;;,5']/k:1-f;`,X.-l-;:L.titt',-] (i6>

       s,,(.x)=['o'ii,,J.(Si(ill;)5)-'o2,f'.`gi(Il;)5']/[-;:lifElil-;c;L.//`(tt))] (i7)

3.1. The multiregional projection matrix

  The matrix expression of the multiregional growth process using the multire-
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gional matrlx

K(t-t-1)

growth operator is

= G{K(t)} (18)

where

and the

{K(t)} .,.

K{t)

A'St)

.

.

          .
        K5n`)

multiregional

G ==

a,

q,

.

.

.

q.,,

 KS.e)(o)(
 Ki.e)(5)

          1･
and {ITsfS,`)} =

･

.

KS･t)(2)

matrix growth operator

Glii ･''' G,ni

Gll2 ･.･･ G.,2

.

.

.

.

.

.

.

e

･

GSm, '''･ Gmnt

i nv- 1, 2, ... 7n,

G is clefined as:

(19)

where

Gij --

  o ()
sij(O)

si,j(5>

b,j(cr - 5>
･･･ bw･(P-s) o

.

.

.

(cu and P are delimiters

･･･ o

.

.

.

.

     s,,･(2-5) O

of the childbearing ages).

3. 2. Multiregional stable growth

    As mentioned before, a single-region population subjected to an unchanging

regime of birth and death rates will ultimately achieve a stable age composition

that increase at a constant intrinsic rate of growth. In the multiregional case of

subregions, this argument can be extended in a similar manner to incorporate an

unchanging multiregional schedule of fertility, mortality and internal migration.

    In the consideration of enly females up to the highest age of reproduction (P),

the growth matrix can be partitioned into:

        G:[.WiZ ,,9,,]

where
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                O O b,.i(cy-5)････b,,i(P-5)

               sij(O) .
        I>f)T,i,j･-- si.7･(5) '
                             --
                                  --
                                 s,,j(P-10) O

4,, A,ppljcatioll Qf the mQdel

    A collection of computer programs for the moclel has been preparecl by Rogers,

et al. (2). The authors of this paper first attempted to introduce a set of data

inputs on a two-region demographic analysis of the rural and urban population

characteristics of Hol<kaido in Japan. Urban Hokkaido consisted of an integration

of all counties classified under`shi'or city and rural Hol<kaido included all`cho'and'

son' , or towns and villages. Data was obtained from the 1980 National CeRsus,

and the Hol<kaido Sanitary Annual Reports.

    However, when the program was run through with the data input, computa-

tions were interrupted at the points where invert matrices were aclministered. As

short-distance rural-urban migration is naturally high in such an island population

as Hol<kaido, it is possible that the high ratio of migrants to total population may

have negated the effectiveness of the invert matrix computations.

    We therefore proceeded to examine the demographic behaviour of Hokkaido
in the national context. Maintaining a 2-region analysis of Hol<kaido-Rest of Japan,

we appliecl another set of data inputs obtained from the 1980 National Census, the

Hokkaido Sanitary Statistical Annual Reports and the 1980 Vital Statistics of Japan.

    All comptttations were executed at the Hol<kaido University Computer Center

with Hitachi computers. [lrhe following is a breal<-up of data inputs.

    All statistics below were obtained in 5-year age intervals for only women in

Ho}<kaido and Rest of Japan.

  4.1. Data inputs

(l) total population (a)

(2)numberofbirthsbywomenofchildbearingage (b>(c)
@ cleaths (b) (c)

@ in-and out-migration (a)

        (a) National Census, 1980

        (b) Hokl<aido Sanitary Statistical Annual Reports, 1980

        (c) Vital Statistics in JapaR, 1980

5. Results and analysis

    Table 1 shows the observed population characteristics that weye fed into the

program.
Mean ages were defined in the foliowing way:
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Reglon Hokl<a'ido

Table 1. Observed I'opulation Characteristics

Age

   o

   5

  10

  15

  20

  L)5

  30

  35

  40

  45

  50

  55

  60

  65

  70

  75

  80

  85

Total

PopLilation

 199051.

 226566.

 208182.

 200572.

 191405.

 236955.

 267680.

 220272.

 205548,

 196417.

 173230.

 146934.

 116332.

 94i60.

 69525.

 46893.

 25470.

  12976,

2838178,

Births

   o.

   o.

   o.

 424.

 7195.

18799.

 8733.

 1234.

 155.

   3.

   o.

   o.

   o.

   o.

   o.

   o.

   o.

   OJ

36543.

I.)eatlis

 395.

  62.

  34..

  68.

  75.

 127.

 169.

 217.

 273.

 437.

 592.

 722.

 979.

 1338.

 1876.

2253.

2289.

2292.

14198.

Migration from
  Hokl<aiclo

       o.

       o.

       o,

       o.

       o.

       o.

       o.

       o.

       e.

       o.

       o.

       o,

       o,

       o.

       o.

       o.

       o.

       o.

       o.

Hold<aido to

  R. Japan

    2324.

    2311.

    1703.

    3878.

    3442.

    4436.

    3534.

    2221.

    1338.

     790.

     682.

     579.

     433.

     410.

     299.

     195,

     100.

     39,

28714.

Region R. japan

Age

  o
   5

  10

  15

  20

  25

  30

  35

  40

  45

  50

  55

  60

  65

  70

  75

  80

  85

',rotal

Population

 4149316.

 4889547.

 4364815.

 4048560.

 3880910.

 4495887.

 5350186.

 46e6865.

 4178510.

 4057241.

 3653059a

 3102126.

 2519317.

 IL)22102L).

 1705316.

 1187971.

  675928.

  357411.

59443856.

Births

    OJ

    o,

    2,

  6737,

136964.

374712.

179619.

 27510.

  3265.

  141.

    o.

    o.

    o.

    o.

    o.

    o.

    e.

    o.

728950,

Deaths

 6551.

  963,

  563.

 1008.

 1355.

 2051.

 3e57.

 3943.

 5339.

 8.088.

 11240.

 14298.

 I8694.

28415.

40294.

 53898.

 56893.

 61257.

317907.

Migratlon
 Hokl<aido

   2832.

   2518.

    1370.

    1348a

    3275.

   4671.

   3653.

   2078.

   1015.

    660.

    565.

    378.

    302.

    294.

    227a

    224.

     92.

     40.

   25542.

from R. Japan to

 R. Japan

      o.

      OJ

      o.

      o.

      o.

      o.

      o.

      o.

      o.

      o.

      o.

      o,

      o,

      o.

      o.

      o,

      o.

      o.

      o.



Table 2. Multiregional ('l)we-Region) Ll{e Table

Age   Q
<X, 1)    PP<X, 1, 1) (X, 2, 1) (X,

L
1, 1) (X, L LL2, 1) <X, 1, 1)

  LL
(X, 2, 1) (X,M 2, 1)

MI)
<X, 1) (X,

s
1,1) (X,

s
2, 1) (X,

E
1, 1) (X,

E
2, 11

 1

o
5

10
15
20
25
30
35
40
45
50
55
6e
65
70
75
80
85

O.Oe9816
O.OO1358
O.OO0812
O.eO1673
O.eO1948
O.O02658
O.e03142
O.O04898
O.O06614
O.Oll051
O.O16926
e.024256
e.e41168
O.068542
O.12624i
O.214368
O.366762
I.ooeooo

O.934052 O.056132
O.949030 O.049613
O.959165 O.040022
O.906316 O.092011
O.912335 O.085717
O.908359 O.088983
O.933249 O,063609
O.946203 O.048899
O,961585 O.031801
e.969254 e.O19695
O.963899 O.O19175
O.956693 O.O19051
O.941104 O.O17728
O.911303 O.020155
O.854934 O.O18825
O.769120 O.O16511
O.620104 O.O13134

o,e o.o

100000.
 93405.
 88658.
 85054.
 77107.
 70434.
 64118.
 59950.
 56808.
 54674.
 53027a
 51145.
48955.
 46096.
 42034.
 35960.
27685.
 17181,

   o.
 5613.
10228.
13754.
2!541.
28026.
34091,
37960.
40647.
42146,
42771,
43103.
43e7e.
42344.
40623.
36858.
29915.
19864.

4.83513
4.55159
4.34280
4.054e3
3.6885tl

3.36381
3.10171
2.91896
L.78706
2.69252
2.60428
2.50249
2.37629
2.20325
1.94984
1.591!2
1.12165
e.95716

O.14e33
O.39602
O.59953
O.88236
1.23917
1.55293
1,80128
1.96517
2.06982
2.12294
2.14686
2.15432
2.13535
2.07417
1.93703
1.66933
1.24446
1.17499

O,Ol1675
O.OI0200
O.O08180
O･O19335
O.O17983
e.O18721
O.O13202
e.oloos3
O.O06509
e.oo4o22
O.O03937
O.O03941
O.OQ3722
O.O04354
O.O04301
O.O04158
O.O03926
O.O03006

O.OO1984
O.OO0274
O.OOO163
O.OO0339
O.OO0392
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        ffi･t = ill,](t+-t--i-l･I(---).c,(Jz)!ioo

where
    ci, (x) = percentage distribution

     NY :age iRterval

        (x+ A-(2Y----)=:average of the interval

The mean age for Hokkaldo was 34.26 years while that for Japan was 35.00 years.

    The multiregional life table, which is a device for showing the mortality and

mobility history of a cohort (100,OOO population), is preseRted in Table 2 for Hok-

kaido and the Rest of Japan.

In Table 2:

       Q(x, i)= Probability that an individual at age x in region i will die before

               reaching age x+5.
      1:'(x,y', i) =:=probability that an individual at age x in region i will be in region

               J' at age c+5, i. e. 5 years later.

      L(x,j; i):=number surviving at exact age x in region j', of 100,OOO born in

               region i. This is also the probability that a baby born in region

               i, will survive and be in region .i at exact age v, multiplied by

               100,OOO.
    LL(ix,j3 i) =total years lived between ages Jt to Jt+5 in region j', per unit born

               ln reglon z.

     M(x,i i) ==age-specific migration rate from region i £o .i
     MD(x, i) =:age-specifie death rates in region i.

      S(x,j', i) :::proportion of people in region i and aged x to x+4 that will

               survive to be in region j' and aged x+5 to be x-F9, five years

               later.

     E(x,1', i)=expectation of Iife of i-born people at age x, that will be lived in

               in region i, that is, the average number of years lived in region .i

               by i-born people, subsequent to age x.

    Initial computation of the multiregional life table begins with the estimation of

age-specific death and outmigration probabilities which are derived from observed

values or rates of mortality and migration. These probabilities for the female

population of Hokkaido and Rest of Japan ate represented by 2 and P values.

    Thus the probability that a 15-year old girl wiil die before she reaches 20 in

Hokkaido is O.OO1673.

    By consecutively multiplying these probabilities of the birth cohort, we obtain

the life history of the cohort. Thus, of the 100,OOO babies born in Hokkaido, 982

(or 100,OOOxO,O09816) will die before they reach 5, while 5613 (or 100,OOOx

O.056132> will move to the Rest of Japan. This leaves 93405 or 93.4% in Il[okkaldo

and will be there at exact age 5. This value is represented by L(x, l, 1).

    At exact age 5, of the remaining 93405 who stayed iR Hokl<aido, the nttmber
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of girls dying before reaching age 10 ls l27 (93405xO.OO1358), while the number

moving to Rest of Japan is 4634 (93405xO.049613) leaving 88644. But here, we

must also consider return migration, i. e. of the 5613 who moved to Rest of Japan

in the previous interval. In Rest of Japan, they die, moved back to Hol<kaido or

stay there. Assuming that mortality and migration behaviour depends on the region

of residence at the beginning of the interval, then 6 (5613 x O.OO0984) will die, and

14 <5613xe.O02505) will rflove back to Hol<kaido increasing the remainlng popula-

tJ,jpn t'here ro 88658. (88644'twwlzle, By following this procedure until the last age

group, the Iife history of the entiye cohort of Hokkaido can be derived.

    The LL columns show the number of years individuals at age x may expect
to live in that region in the next five years. LL(x,jl i) denotes the average dura-

tion of residence in region .i by an i-born person and this depends on 2 components-

the probability of surviving to age Jti and average time spent in region .i in a 5-year

interval by a person of age x at the beginnlng of the interval.

    The S coiumns show survivorship and outix}igration proportions. The number

O.04496, for example, is the proportion of the girls residing in Hokl<aido and 5 to

9 years old that will be alive and in the Rest of Japan 5 years from now.

    The E columns represents expectations of life at age x by region of birth of

the person. A girl born in Hokkaido may expect to live another 69.8 years when

reaching 10 years of age. Of this, 42.73 years will be spent in Hokl<aido and 27.07

years in Rest of Japan.

    General observations of the table reveal higher death rates for Hokl<aido though

not yemarl<ably so. In order to view the trends better, Figures 4 and 5 have been

plotted. In Figure 4, both regions show dorninantly high fertility at ages from 25-

29, with Rest of Japan having a slightly higher rate of fertility. Mean ages for

childbearing is 27.64 for Hol<l<aido and 27.79 for Rest of Japan.

    It is interesting to note that in Fig. 4, the fertility rates are slightly higher.

However, when we calculate the blrth rates for the entire population, we obtain

12.9 births per thousand population for Hokkaido aRd 12.3 for Rest of Japan. This

could show the relative youthfulness of Hokl<aido's population, i. e., the concentration

of population arouncl the childbearing ages has ultimately reduced the fertility

within these ages.

    Let us take a look at migration rates in Figure 5. Although values of both

regions were plotted on differing scales, the shape of the curves are similar.

    Model migration schedules demonstrating the selectivity of migration with

respect to age has also been studied in detail by Rogers (3). In general, it has been

observed that the highest rates of migration are those of young adults in their

early twenties, while the lowest rates are those in their teens. The migration rates

of young children mirror those of their parents. A `retirement peak' is also found

especial}y directing towards regions with warmer climates and better social facilities.

    In Figure 5, we can observe these characteristics for Rest ofJapan. The labour

force peak occurs at 25-29 years of age with also a substantially high rate at 20-24

age interval. This is reflected again in the migration of young children of ages
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O-9 years. After the labour force peak, rates rapidly descent and remain almost

calm until a belated `retlrement' bump at the 75 years interval.

    On the other hand, however, Hol<kaido shows a very interesting curve. The

curve starts with a noticeably high rate of migration of children. However, where

teenagers from 15-19 years old in Rest of Japan show low points, this represents

the highest peak for Hokkaido. A small valley occurs for the 20-24 interval and

rises again from 25-29. Thereafter, it drops sharply until 45 years onwards. The

retirement peak comes as expected at 65 years old.

                                     HOKKAIDO g

                        O-l4 )5-64 65+above
                  lgso [=2ZIIil]=

                               It                              tt                  l985 va                              t'                             lt                  IY90 M                             rl                             it                  l995 va                             ft                            t'                  2000 M                            tt                            l1                 2005 M                            It                            Ir                 2010 ma                            tt                            tt                 2ois [i!IEI:

                            tt                            tt                 2o2o [IXE== =iE===
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                        O-14 15-64 65+above
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               Figure 7. Change in demographic structure by age-group.
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    Population growth was discretely projected using a constant growth matrix,

and for a long enough period of timae, the ultimate (stable) growth ratio and stable

distribution becomes indepeRdent of the current growth rate and population distribu-

tion (Rogers, 1978). Figures 6, 7 and 8 graphically show the results of the })rojec-

tion. In Figure 6, the change in age composition for Hokkaido and Rest of Japan

in shown. General trends include the `echoing' of the post-war baby boom (around

30-34 years) as successive generations are created although diminishing in size with

each generation. Rapid aging of population is observed in both regions, as is also

shown in Figure 7, while the young and labour population up to 64 years of age

rapidly decrease. The aging seems to be setting in faster fowards the final

scenario where stable growth is achieved. Rest of Japan will have a greater
perceBtage than }Iokkaido coRcentrated ln the o}der age brackets.

    In terms of total population, Hokkaido will reach its peak in the year 2000

and Rest of Japan in 2005 after which both descend as gradually as they ascended.
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6. Cenclusioll and fur£her research

    The multiyegional life table can be seen as a relatively useful tool when com-

pared to the single region life table as the spatial dlmension iRcoyporated in the

model allows the researcher to focus on population projections in specific regions

while considering important migrational relations with adjacent regions. It is also

interesting to note how structural changes of a cohourt take place during population

growth.

    In the population prejection from 1980 to 2020, results of the computations
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show a definite aging trend of female population in the years 2020, with an ultimate

stable popuiation described by an inverted pyramid. Hokl<aido wi}1 reach its peal<

population with 3,O07,857 females in the year 2000, while Rest of Japan will top

at 64,391,120 females in 2005. Thereafter, the totals gradually fall. The reason

why Hol<I<aido's population starts to fall faster than that of Rest of Japan may be

due to the higher rate of out-migration of young population. This outmigration of

education- and job-seeking population especially those in the 15-19 and 25-29

year age-groups is a case for concern.

    Thus, further research is necessary on simlllation studies especially concerning

policy changes and implementations. Since birth and death rates are relatively

unchangeable in the short run, migxation rates can be influenced to certain extent.

This migration variable can be interlinked with economic, physical and social varia-

bles. These two sets Qf variables are closely inteyrelated. By manipulating migra-

tion volumes it is possible to simulate hypothetical outcomes of population projections

and their age distributions.

    The strictly demographic character of the model, however, may impose limita-

tions on the model. The interlinkages of the model with socio-economic policies

are weak or non-existent.

    In order to enhance its practicality, this model should be made moxe fiexible

and responsive to the general socio-economic system.

                                Referenees

 1) Rogers, Andrei (1975): Introduction to Multiregionai Mathematical l)einography, :Iohn Wiley

      & Sons, New York.
 2) Willel<ens, F. & Rogers, A.(1978): Spatial Population Analysis: Methods ancl Computer

       Programs, Internationa} Institute for Appliec{ System Analysis, Laxenburg, Austria.

 3) Rogers, A. <1979): Migration Patterns and Population Re(listribution, RegiQnal Science and

       Urban Economics (1979); 275-310, NortlvHoliand,

 4) Keyfitz, Nathan (1969): A,ge Il)istribution and tlie Stab}e Equivalent, I)einography, Vol. 6,

 5) Barclay, {[}eorge W. (1958): "IrechnicEues of Population Analysis, John Wi]ey & Sons, Inc,

      New Yorl<.
 6) Peterson, William (1975): Population, MacmMan Publishing Co,, Inc. New York.

 7) Popu}ation Censiis of Japan (1980): Vol. 2, Results of First Basic Complete Tabu]ation Part

      2, Hokl<aido.

 8) Population Census of Japan (1980): Vol. 6, Hol<kaido, Tohol<u, Population Migration Tabula-

      tion Results.

 9) Hokl<aido Sanitary Statistica} Annua} Reports, 1980.

10) Vital Statistics (1980): Japan, Ministry of Health & Welfare. (3 volmnes).

                                                   (Receiiied 2t5 ,Jitts, 198gC)


