nY e —Z2OMBIALDWEEZOHED b
E 221 2 IS B O O #E E2#r~ o 58

/N

T L=

7y FurAd - w¥y — 2 (Andrei Rogers)
i, 197841z, v+ L/ o = (Frans Willekens)
L3k, Spatial Population Analysis: Methods
and Computer Programs LRET 3EE =
&Y, ZoHT, BoORIL 2 MUl A D o
MWETID A = XL EFERL, Sble, 20
AH = AN RCT, FROMIEIA DO TR
BRI LDTEBNIEEARLIZ,

v Yy — Z2DONFEICR VTR, B
L ok ORI waBlsh, 204

*  ZORFIEE, BACKEE BHEfskEdE, BEAEEADRE
THEET AR —EL, BRI ER AR MR,
HARRSFREFIEIE  KFEAER, R0 0RESFDS4
iZED [rY v — 20 AOSH O LIS 3 LR
— Z OHFEBFFEDOFERO—IRIZ, WEFIS4ET B23H 25
250 F COHFICEME S hic AARHSZAFATERIREIC B
wWTg s hie CREMER, RS — BEEE S
i, KERE eV —REFNVEZ0 AAAND ~DWE
HJ FRAF 457 Vol. 10, No. 1, 1980 4, 73—83
B)—o0—Ht L TR bhl.

Eiz, TOMIIO—EE, WEFISMERE 1 X OS5 E E
SCEREEETE R MDA (GRADIE W) : B R&EH H
ARFEFFRRTIR BEGR BERMER SR
% R MEREAERE SRR BAKRER
BRI KRS BRgtaim « MMk () Any
AT MZRT BZHIROFSEA R OHERHk L ERCET %
e KX - TBZbhl.

2B, R ZOWRICHELREE L ERETER I
ARZEOREBKEL, 250N, ZOHRTOTEE TS
LTWLO»0HEER 2 AV b e b2 b EBEESIER
REOHRERYFICHLRSOBEERT 5.

1) Willekens, Frans and Andrei Rogers : Spatial
Population Analysis : Methods and Computer Pro-
grams (RR-78-18), Laxenburg, International In-
stitute for Applied Systems Analysis (IIASA),
1978.

2B, vy —21%, TTKk, 1975, FIoEY
ICHRE R T B HVHEOERNEE I > W TR L
EFE2L2ENTDS (Rogers, Andrei : Introduction to

Multiregional Mathematical Demography, New

York, John Wiley, 1975).

&

HUEANO AOB LA #EE FEmBIAD, B
YV PECERICER S 1 5Y, ZofED
ANOoH e [ZMBRAOST] L)k b,
INETEELL, LrbEBchSh Tkic8
FEESEONADNT (b 2iE, 2y s
(Peter R. Cox), %4 7 1 v (Nathan Key-
fitz), 7V % + (Roland Pressat), = t'— 4"
<> (Mortimer Spiegelman), fiff & 2g#Ed
L BT 3) 1E, SHUSAA O 045
BRIz A — o @k 2 1 L LIRS
DEHT & B S BE—HURA O3 2
H5Z Lzt B,

BA—HI A LA TIC VT, B IR N
ORISR O, 72 & 203, BN
D AR N A& MR O A DB B) & 128
T, ZOBEHMBNO AR DFERMENR L B 2
bhany, ZHISRBIAOSFHCR VTR, 8%
MU NS K Mgk oo N OEERRME, 72 UV K
BHCRA 2 NOBBOEFER L b2 60
5. FE, BE, Tihbb, HEMo AO%E
DEERFIED A3, BE—HEAA 0T,
Eole Bbnd, LHERADSInciiE
LDOTHB L2 5,

2) Rogers, Andrei: op. cit.
Willekens, Fransis and Andrei Rogers : op. cit.
3) Cox, Peter R.: Demography, Cambridge, Cam-
bridge, Cambridge University Press, 1976, Key-
fitz, Nathan : Introduction to the Mathematics of
Population, Reading, Massachusetts, Addison-
Wesley, 1968. Pressat, Roland : Demographic
Analysis Chicago, Aldine + Atherton 1961. Spie-
gelmon, Mortimer : Introduction to Demography,
Cambridge, Massachusetts, Harvard University

Press, 1955. 41 % :[®AAD%), HiK, H4%H
Bz, 19604F.



ZHIRFIN O AT 0 —EBi%, B—HURBIA R
DOILRTH D005, LHIBRIARNSITICE
WCER D B HUERIA DS O R § BE—
HUSE BRI O B C LBk bh 5 % Ui g
PL7zboRARbNb, v — 20 NOSHT
CRVTIE, zid, To@mTF i ik &
FEL T2 AP o+5 FHTH j HIRicEfEL ¢
VWBHEE i ()], BB, [H 7 HugcER
T AD BB TE B EEL T3 AD
¥ ooi(2) ] 2R TH B, Z 1 B iF, Bl
BEADATIc R 5 [ 477 (probability of
living] p(z, N) (XD AD 5 S s+ N E
THEERBIER) ], b5\, [EFEK (number
of living] I(x) (zBETEZE-TVBAD
2O wHP LI AOBED L vwx b, L
L, ZRBIFLT, v¥v—2DSHEIC
BB MHjHECTEETN, R TH I Hiic
BELTCBZAD S, @b o+5 BET
DI § Hh &8 kBT 2 A0k
solu(x) ] 1%, LA OHTc B CHEE L
SNHHBREIADBEOREMTLHY, Bk
FAOSTIZBCT, 2heEPLZL D ER
WETZ X, oL RERETH B,

vy — 2%, RO X Yo EoREE
b ol HMIBAA RS EET VOFT, L
b, AR TR, R TIREL 2,

TRETIRYL, S0 AN BT 290
BB b Tkiz, £, F< 3, 194
ftizix, 77V — (H.C Carey)? 7=
# 4 (E. G. Ravenstein)® 25, %7z, BT
v, 749 —F (Walter Isard)® 75,
FNENHEEOANOBHBOMEES /o T

4) Carey, H. C., Principles of Social Science, J.
B. Lippincott, 1858.

5) Ravenstein, E. G.:“The laws of migration”,
Journal of the Royal Statistical Society, Vol. 48,
Part 2, 1885, pp. 167-235. Ravenstein, E. G. :
“The laws of migration”, Journal of the Royal
Statistical Society, Vol. 52, Part 2, 1889, pp. 241-
305, guREEMG : TZEf ARED (B), (F), BR, X
BHE:, 19804E.

6) Isard, Walter : Methods of Regional Analysis,

- An Introduction to Regional Science, M. 1. T.
Press, 1960.

W5, E7z, ¥4 E v (H. A, Simon)” Xy
7 <y (M. J. Beckman)® 2%, #Hi AHDOE
BRI BT 2 ERmIMEE RA T3, EK
U v ¥ %y (K. Rikkinen)® |3, <=n= 738
SHIz X o THUIRAY N B3R 0 BR[O (L D fEAT
FRAT, 5T, NOoigiiEEridh+
B0 AOELMSAND P EEOTZES RS
hTtwsd (Jz b 2, 79 27— (Paul
Flaskdmper) &F10 OERH5),
SN, ThbOBEDL, —foZHuRE
ANBSGCBTAMEL 2505, n¥xr—2
DEMIFBANODHD, Zh bOWFECRIT 5
ZHIBFIN O AT L ARBRNC E - Ty 3 R0,
vy — DN, Bz, AOOZERYBE)
RLEBELMECL T30 TR —b b5
by NADBESEEDOHIZEL $/-HE L LD
ThbH, — ANADOZERNHH CEBEOE L
FlRpic, S 2 HASSETIC X % Mk
BAODOELE L ERIC AN HIBAIN DR
DHFTHY, vwhiE, AOBIUAO#EED
IR ZE RO ST TH S L v 9 R d 5,
vy — ZADNHTE, EDLOTRBKRKELDOT
HDH, TOHHTEHEDLI TWBHEEIZ, -
EDXo572bDTH%,

(1) ANOoEAWELE
2) HUERBSES
3) MU RBE) & kR ZE TR
4)  HuBIA D EEhnEE
)

(
(
(
(5) HAESINHT

7) Simon, H. A. : ”On a class of skew distribution -
function”, Biometrica Vol. 42, 1955, pp. 425-440.
8) Beckman, Martin J.:“City Hierarchies and
the distribution of city size”, Econometric Deve-
lopment and Cultural Chavge Vol. 6, 1958, pp.

243-248,

9) AR : ThPERBY 3 AOBE L EEOHIEE
e, TSRS $H36EE 15, 1964, 1-11HF.
Rikkinen, K. : “Markov chain analysis of inter-
provincial migration in Finland,” Fenrnia No. 108,
pp. 1-18.

10) Flaskimper, Paul ; Bevilkerungsstatistik,
Hamburg. Richard Meiner 1962. $5KREE4HERE :
THUWALBEEEE, HIfo ADOHTS, 3R, B3,
19774E, Suzuki, Keisuke : “The characteristics of
the change of the distribution of populution of
cohorts in Japan”, TFEEEFRFRE] 5 14552
B 19794, 28-50H.



By — AOHIRBIA DT & 20 EODBPEIC BT BHEHA R O#EEMT~DER

(6) FELTHOHT

(7)  HAREMET

(8) ZFEANTEZR (intrinsic rate)
(9) HURARIAD ¥ v pF

(10} HIRHA O ¥ v REGER

INEOSEBENORRENS LT, v
U x— 20O NASHTL, B0 XS, ABR
XA D& O RHNEBNELO S, Th
b, MELZEEN, BFEIMT—EIE
72 1975 EDZEEY 1213, 0RO S (&
B, BN DEETHLZLETERTS
7= Wiz, Introduction to Multivegional Mathe-
matical Demography r\~5 REN HExz2 bR
Tw3, —T& 5,

WIFMAOEE (Off &2 0EE) 2bTNe
M ORE GEIRED) 13, BEEEOH
WA LR ERE b o—Tc L 2, &
Mgz B Z)%’@Jj] @1/ AHES1, AEWOHE
B, b5vid, ZEEFCETIMEEEER
Brzb-Tw5 # , T OFEDHFER
ISR FEEEDO NI L o THL T OO TEE
Thd vz d,

Z TR, HUSRIANOEE, 725 UNCHEAY
NBEHEE DN & TR AR T 5010 1
Okbf@mv%—xwﬁﬁﬁ&éﬁmbm,
T OSFEOERE L= OB SO E Rt
L, BTOBEESTMAT, kB, ZD
/\?F)?ﬁ R 'C?% bz b EO IR A O

DHFTHFEFRIC DOV THEAL T2,

I O0Y+—-ADOHBRAOZTE

L1 #igNARDOELNEEE

Y y— 2%, ¥F, ZHRicBITA ALK
B 2 EANHERR, SE0X O RELEEH
WTRHT %,

q(z) : TIRFER (2D s+4RETOLE
R 5 IBETHER 8 Mo
ROND 45 FRICET SRNCET T 51

11) Rogers, Andrei : op. cit. (1975)

12) #%iz, Z 2Tk, Willekens & Rogers z:jt%:o)}{/

TE Wk &Y (Wilekens, Frans and Andrei
Rogers : op. cit.) OREIZ OV THR 3.

— 47 —

# [the probability that a person in
region i at exact age x dies before
reaching age x+5) i=1, 2,------ , M X
=0, 5, 10, «----- , 2)

pii(2) 55 0 M ARSE J MUSTE(E & Rk
AAE(E 1 HIRD 2RO APz +5 o L&
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expected number of migrants from i to
k between ages x and x-+5 among the
people living in 7 at age x and born
in 71

sols(2) 1 8 MR TP § e 2 5%
12331 B TR (5oli(®) /501;(0)) [the pro-
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T B R IE TR Golio(2) /55(0)) [the
probability that a j-born person dies in
region 7 between ages z and z+5)

aolu(@) 8 HIRHAEE T o R IR 5 0 5

7 IR BN R (Golan () /561;(0)) (the pro-
bability that a j-born person change
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x and z+5]
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dying) d,

old@) 3, ORANEHEE L Lz E0 s
AHFH (numderof living) 7,
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2O E AL, oK,
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2] 1) PRVHNRE, Zhid, —fkic, HuR
BufEds5a,

U(x) = 1di(2)  2lui()eeeeo nob1 ()

1012_(37) 2olzg-r) """"" nologx)
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(1.1.5)
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kA3 2 MU o P&z v i,
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{ 1002(2)  20la(2) jl
£, TOR MY 7 AL X -T, HAEHE
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I(x+5) 12, () iz TI=x) D5 bEEER
R B DH M BEL 23 (=
DLICERFCIBEERBEIARAE T H 5)
z+5 IR E THESELIBR (py(v) FER
ETB7 MYV 7R P(x) TREND)] BFRLT
B5ZLIE>TROLAD NG,

I(z+5)=P(x)l(z)

Lith, ZHUIROBEEICI T,

I(z+5)=P(x)l(x)

:[ipu(x) p21<x):H1011(37) 2011(:17)]

D12(3) Paa(@) L 10lo(3) 20ls(x)
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(1.L..8)
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A& (FER) CTHEET M,

M&m=ﬁ§%} (1.1.9)

Lo TRENE NS, ZOFEDEOTTE
2 )72 U@ KEkoTRTZLNTE S,
B 2 o HA1TiE,

i(w) = _1021(517) zozl<x>:|

-1022(1‘) zozz<x>
=T h(@) (@)
1001(0)  20/(0)
L 100()  50la(T)

100D 50la(0)
Linh, TR, xRmOHISEEFE (proba-
bility of surviving to age 2] Thb, ZHh
x, E£rz,

I(x)=P(z—5)P(x—10)---- PO
(1.1.1D

(1.1.10)

ZrkoTrER D,

VE, TEOANED sn BE TOEFR
I(z, z+n) (ZOEEE Y v—AFHNTY
BN, COAFREIOR) BESTRTL
EF]TH 5 H) [probability of surviving from
z to z+n) 13, '

i(z, z+n)=p(z+n—5)p(x-+n—10)-

p(z) (1.1.12)

ThDH, i,
I(z+n)={p(z+n—5)p(x-+n—10)--
p(x)} {p(x—5)p(x—10)------

p()}
=I(z, z+m)I(x) (1.1.13)
LET LN,
i(x, x+n)=f\(x+n)i'1(x) (1.1.14)

O ERRELN D,
ZOBROERGFIRME L TiE, FEDOA
QL7220 A0 x5 (x>20) 2R3
B w(r) OHEO-»ORNEET 52 L
TE5%, §ibb,
{w(z)}=1(x)17(20) {w(20)}
(1.1.15)
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HSRIEERMERL T 256, £0EIE
U C2/EDHIEE DS L2 5,
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RELDOTHY, Zhid, brMRcEETS
THOND, T O xghE, oMRE I 0%
Do Mg AT A FEER (Zh b 088
—F bbb, FOMEBIOEOMOMIET
EX BEHFERE—2 T TN L, ZOA
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FOE21Z, HAMIECHEL Iz oo A3,
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expectancy by place of birth] LFE I B
ELDThD,
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EEH, 7213, Fofioduk cAEE (B
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AT HEEE L(x)

BARE L2,
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L(x)=L.(2)l(x) (1.2.1)
SV BIMRPRSLT B, To b 2T, BIEHUIEAS
2 chs L&, NG (1.2.D) 13,
l:loLl(x) 20L1(x>} =

AED) 20l ()
1:101417(33) 20L1r(x)][1oi1(x) 2(,?1(.27)}
10Ler(2) 20Lor () 10i2(x) aoi2($>
(1.2.2)
el B, 12120, wlyp(x) 13, 51 Hikiz B
U, T@h b o+5 BECE j i BEET 3
VHERTH D, A, zEOAUL
DZ, FONREROBThHoTc b E Db
WD ETOMICED NN L DR TCHTT 3
ABBbh s, FOANRER0FTHoT2
LEOW IO XvEdL, () thoT’
(zzid, 10),I@) 2 An—7272L, &
MBCHAET B A, $_TLEEELR L
S0 0mER »FERoAD EHRIELT
RzeR(1.2.D) oFREBEHEL H\) 0T,
L(z) &, Le(z) (xFEDOADLE D A EHE
¥ iz I(@) (BOAVLEDOAR) 2% Uiz
Bz Thsd, Z0OBRID,
L/(x)=L(x)I~(z) (1.2.3)
25, £z, L(x) 1 G/2)I(x+5)+I(x)]
X o TEPEICEHES R E 55,

.Lr(x)::é;[i(x-FBD4—?(m)][i(m)]"

=2 (p(@) 1)

CXoTHEBIAE TETFTHS,),
e(iE, & (1.2.3) ® L) % T(z) T
BE»2Ib0Ths, Thbb,
se(x)=T(x)[I(x)]

=C 3 L))

CEoTmENdB, 1L, T(x) &, 0o
AN (T ROANTEZZY) B BUpERE+ 5IiE
EH PRI HEL CRUZEZEE LT3
<MV IR, Tibb,

T(x)= 3 L(y)

(1.2.9

(I.2.5)

C(1.2.6)

Thd, 2ORD L(y) 1%, X (1.2.1) @ L(x)
DxkylE T Y72 LY) Tha,
() 1%, Huk»s 2 HoBAIg,
xe(x>:[1x91(x) 20€1(Z)
1002(T)  pze,(x)

DEIRFO Y 7 AL D, we;(x) 13,
50 MBI HHAE L 72 2 B0 A EE J Mz 3317
BxFDLEDEHRGTHIND, 2Ok
V7 205 (HE) oBEHRoORN, BEEHR
(BUEHD W ERMR R, o 3Ro HEME T4
meizs,

i) HAHRES LG

HIAEHGSES s e(e) 2EHT3 1213,
27, (@), $bb,

l(x) = .%lmzz(x) 0

| e

" (1.2.8
0 ;‘1 2ozi<-17)

PEHT S, o< Y s A0 ER _imim

X, B AL, 2RIcELELY O
BeEET A0 (2720, &7 Hisic
HAELZLEoAD (e ziid, B30 %

LEL7c L E0fE) 23 _THZRME Vi
zZid, BB AERT L AD AR e BET
EE DEHEHTH B,

() FOBMOANVD LR BUBEFELES
EEZ s FoAR (Thbb, Zhi l(@)
TEISTZETH B b,

e(x)=T(x)[I(2)]? (1.2.9.D)

Li5%, ZD= MY I ADOEHEIEE J Hilsiz 4
Eh o LR MUk CATE L B 5 EEEK
CFiebh, HEMBIEERG) TH Y, ch
% jeei(z) TIRE N, BEHIEN 2 o BE
% e(x) 13,

e(x) :[1091617) 2021()

:] (1.2.9.2)
1022(2)  g06:(2)
L3,

i) s EFR

i), i) & FBRCEEXBSFRERORED
1ok U T, Hbik B4 78 2 (survivorship]
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S(@) BEZDNZR, ORI
S(x)=L(x+5L*(x) (1.2.10)
TREND, 7z, S(x) 13, B2

o L&,
S(x) =[su(z) su(z)
|:312<x> 322($)}
sV YR, Thbb, MRS
BRAEFR< Y 7 2 [age specific matrix of
survivorship proportions] TRE h %, 277
L, sp(x) i, §jHcHELZAD S B,
% M2 IRAEM LT3 AN e @D o+5 5%
ECHATFTHHETD S,

(1.2.10)

L. 3 #igMAOBE & HEANZETE

B Yy — ZADSHHETE, BIFFHALEE L
HUsRFE TR L BAEFEEHOH L L Tl b D,
Yy — 2R EREHECME L L Ttk
HEE, RowXoFi, XEOTH THRE
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— Mu(2)
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v oo TR I b s LE, £
DAD xiFE D 245 HE TOHEOBELS,
R, 735 R, ~OBEOLT H35E, H 10
Hic R b Ry, ~OBE»EZY, H2HAE
Z R, 5 R ~DOBENNEZHA, b5\,
FIREEC R 25 Ry ~OBEIEY, Hu—
1EIEDBETR CBEL, FHuEHIC R »
bR, ~OBEBELIGERERDHZH, bL,
BERN s @b o+ mE oM/ 1HE
LS, Z0BENZz RO SIcEEL T
Wiz HIER D B 5 FORRICEEL T BHs
B~OBETHB LERT ST, EREOE
1@%Ai R, 15 R, ~DBEBEY, 52

1%, BEKRE LT, E30HEAL, R
75% R, ~DBENPE Tz LA E R %, BH)
DIEBEHPERING LEBIR IO XS ICEE
Ehpzlich?, BEEZOLICERT S
TeEuYr— R, HifE1l (option 13 &
AT, Zhicl T, ZOEFEREZDPZD, B
R TN o+5 mE coHIMo M 1EEL
Ly, 2Lz, R2b R ~DOBHHE -
72z L& R D R, ~DBENRIAEL 7o L His

14) Rogers, Andrei:op. cit. p. 82. Willekens,
Frans and Andrei Rogers: op. cit. p. 47.

My (2)severeeere = My ()

...... [(Mys(x) -l-fjglanJ(.Z‘)]
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T L&, %, miEE3 Coption 33 L IEA
SUN

£ (1.3 i, piE 3 A O 3 EAITE
Hanhsd Mx) oRXThH 5, 2OV I R
DHEEE, EXNAERLZOMOERED 2FH
BRVM-TVB VRS, B, SHIRGE
JHIE (G=1, 2, ey m)) OFH O R T

Zﬂhw)k%téﬂmu0&®ﬁfbb,

j#l
ZOMOERIT, & BRI O ik~ %
BARR (=D 2RCLOTH B,

TR LHBMARNBBRL 20T, Th
ZhRMECERBR LIz B A%, 50 Hific
BiFszmnd o5 BETORE O TR
Ms(x) %

SM(z)= Mﬁ(a’;) 0 0
0 Mz(;(a?) ............ 0
(:) 0 oeeerenne MM(:C)
(1.3.2)

EVH =Y R IM(x) TRL, HUSBIERH
R Mi(x) %

Mii(z)=
= B M@ M) Mas(2)
Miy(a)  — 3 Myy(a)errer-Moa(2)
Min(2)  Myn(@)+ = 5 Mas(2)

(I1.3.3

L) b Yy R My(n) TRTZERTE 3,

L7eh-T, M(x) i

M(z)=>M(x)— M;;(x) (I1.3.9

15) Rogers, Andrei and Jacques Ledent : Multire-
gional Population Projection (Internal Working
Paper), Laxenburg, International Institute for
Applied Systems Analysis, published by Jean
Cea, ed.: Optimizution Technvques : Modelling
and Optimization in the Service of Man Part 1,
Berlin, Springer 1976. pp. 31~58. Willekens,
Frans and Andrei Rogers. op. cit. p. 47.

16) mPr—Ri, FIR 12 BEREBEE FSh (no
multiple transitions) {RE% H7-§iHE, BE 3 23
#1DEEEDDDEFHELEEL T3 (Willekens,
Frans and Andrei Rogers : op. cit. p. 47).

LEBTDHLENTELI,

HWEH5Z Lz, M(x) # T, x5
W 1 5 7 HURE BEHER puy(x) o~ Y Y
A P(x) #2BHT 523 T&3, Tiabb,
7o & 203, BEMIEN 2 k0B &1,

P(x)—[ Pu(®)  pu(x) ]

D12(3)  Poa()
{H%M@ﬂ{p%M@ﬂ
(1.3.5)
I
FEio, 81 RO TR ¢:(2) 13, R(1.3.5)
D pii(x) BHT,

a@)=1- 31 piy(a) (1.3.6)
TiREN B, AT,

jg biy(x) =pi() (1.3.7)
THY,

() =1—py(x) (1.3.8)
THHAINLThB,

L 4 #ii3IAQEMiBE
INETOESTIE, NGO MIA R
BEFEORELH TR, 2 \VIiZEH
Shicds, T, FHBOAREZD LD
DEFFWEILE DT EN B, ZOREDHITIE
2ODFMZHLTHRER, ZDHHD 1HD
HE, BIENLER~mOIFHETHY, o
LoDF i, k1 OHENAI FHATH S,
BUED DIFEA~DOF R X 5040 513, (%
EANAL D, FiSskh BIIED FFF~D L
2oL, TZRESMADS ’MEo6h 3,

D #&EAR

A B ORISR OB E T, Bkt
R B U BEE B A 0 4 4F (age and re-

gional distribution of the population at

17) #iR 1T, P(2) OEFE piila) i3,
pisay=—g M gm)n
1+ M) + ng M;i(x)

J*t

LB,



7Y — AOHIRBIA LR & 20 FEO L RE B 2RI L OFEEM T ~DHEH

time ) B33 _7 vy K9 oz k5T
Ehzbhd, iZL, K9 i3,

(K©}y = K® (0)"’
K_‘”(B)

: (1.4.1)
K (x)

LI{:(“(Z)_
Thb, £z, K9(z) i, BRI 2x
BEROMIBBARTHS, e xiE, Bt
BT 2R Ky S h T3 HEEIE,

1Im(x)=[ K,©(x) }

I{2 (t)<$>

LB, Ki(x) 12, i HuRoR R gk
%R (@b 45 ME TOFinHE
W) O ANOThH B, LicBhoT, {KY} %
K% (z) (=1, 2) #HvTETIE,

(KW} = (Kﬂ“(o) -
Kz(t(C())
K,"(5)
Kg(t) (5)

(1.4.2)

: (1.4.3)
K, (%)

Kg @) (:U)

K% (2)
LK. (2)_J
DX HTET B,

B OBBILiE- T, 20X O BEEE L -
eEMIBO AN D, FHLYARCOmOAL)
RHAEL, BTAFEEL, LT, ADOHE
MIBEINEbLR T, FHIZOADE, REE
ELTHALDTH B, LehoT, vWE, 1H
Bl (TR FET3LE, (KY I,
Lo X o B besirC, (KW} Lind,
Z OB,

{K(t+1) } ___G{K(t) }

(1.4.0

18) EHEROBARSHETH DL &L, 1HHEOREIRXS
FLEND.

e 47—

LVWIHTBDORTREIND, 1L, GiF, =
Tr—ARNZHBE ~ vV /7 2B R EEEAE T
[multiregional matrix growth operator] %
20, fEBECRE~ MY 7 & [(growth
matrix]), H 3\, £, —#kibvzY— .=
N U 7 & [generalized Leslie matrix] 43
Jie=w P 7R THD, 21, EDAHRPDL
FRENB LI, VAY =2 Y 7 AW 2 H
BBIA DO OICITRL 7200 TH B L v
25, THIE, 7ok 2T, BEHUER 2 IRkT
HBHrE, R(1.4.5) 4B~A9F]) ko TE
BENB, T2, biy(x) 13, RS
WIFEEL T 1 Ab oo M E R H, 1HIHE
(SR IR j Ml £2F T2 FHA
¥ [the average number of babies born
during the unit time interval and alive in
region j at the end of that interval, per x

19) LRV == Y ZREE, —RIC, BAtEBTS
ERBIAL (CHEHERRERIIAD T4 L, —HK
HOERBMADTSH2) & (KO} L52LE,

L{K®} = (K¢}
EWT T NI ZARAL ThbHo DL IL, aBIWRB
%, FhTh, ERARREHBO TR LI CLRE TS
L&,

RO 0 crevvreeeens S N 0 0
0 S(B) wreeee 0 eeererenees s N 0 0
0 O reeeeeeeeens ( ereereennnne 0- s(z—5) 0

TRENZ<T NI I ATH B IEL, b(x) Xxid

b 5x+5BmE TOHEAOLT 1 Nb7e b OHERE,

s(z) MDD x+4 5RETO ERERD ATED S

5 245 EBhrb o+ BRI COERMGRECAEETIA

WEDEE (TEEROEFR) ThHhD, Lek-T,
(KW} =[ K,® {K @D} = [ K+

KB(D Ks(z+1)
Kz:(t) Kz(:t+1)
Lzt %’
L{K®Yy={"b(a—5)Kas@4+eeee +b(ﬁ_5)K5_5(t>
s(0) K@

SHK®

(25 Kos®
0
= {K@+D}
BRI Do 7275L, Ko 13RS ¢ IR 3 23 d
z+5 3 TOAD TH B (Keyfitz, Nathan : op. cit.
p. 3D).
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0 5
f———"*_ﬂ f—'—&_—“
G= ( 0 0 0 0 errnnennn
0 0 0 0 eerrnnnnns
0{ 311(0) SZICO) 0 0 ceereannen
512(0)  $,,(0) 0 0 cvreenenes
. { 0 0 5:(5)  $p(B)eeerees
0 0 $12(B)  Sgp(B)rreenes
0 0 0 Y
a—10
0 0 0 0 e
0 0 0 [ R
a—>5
Q 0 0 0 ...........
0 0 0 0
x<
o000
# 0 0 0 G rerrrnen.
‘3._._
0 0 0 0 ceeeeenn
ﬁ{ 0 0 0 0 coemrernens
0 v(.) Q Q ...........
0 0 0 0
2—5{
0 0 0 0

to (z+4)-year-old resident of region i at
the beginning of that interval) <& b,

Si; () 1, B TR TL I CEREL
Tz o ikBEHRD (2 h D r+4 RETD)

ANCED 9 b, B t+1 (B 5 568%
DERER) CRBOCTHE JHIRTERFL T3 AN
L DE|A (the proportion of z to (z+4)-
year-old residents of region i at time to
who are alive and z-+5-to z+9-year-old
in region j five years later at time #+41]
Thb, £77, X AL D= Y 7 20 EH
DEFF, = Y 7 2OEROERPHERTS

a—10 , a—5

0 0 bu(a—5) by(a—5)-

0 0 bra(a—5) boy(ar—5)--

0 0 0 0

0 0 0 0

0 0 o 0

0o 0o
su(@=10)  spla—10) 0 0
s18(@—10)  spa(a—10 0 0

0 0 su(@—=5)  Su(a—5)---

0 0 $(@=9) s =5)-~

0 0 o 0

0o o 0o

0 0 0 0

0 0 0 0

0 0 0 0

0 o 0o o

0 0 0 0

0 0 0 0

ey @—10, @—5, eeeee ) Ly oo s B=5, By ey
z2—5, 2) X, ThPB 52 bhiz 8513, =%
BT 2 BROFET 2o Thbd L %
Yo 7588, alXHPE FRED HHI0FEHE: (the
first age of child bearing] T»YV, BiIH
PER[RED 4™ £ (the last age of child
bearing] Th 3,

K (.45 TRENZ L2 — - =
V72 GZRNT, Bl—Dxz b oEEND
58 E B(x) hbltic S(&) ORI
i3,



B v — ZAOHBEHIA L G4TE & 2 0JE0 b3 EI 1T SHIEFIA B OBEAT~ OB

_r PS5
...... bi(2)  byy(@)eobiy(B—5) by (B—5)
------ bia(2)  bon(@) b (B=5) bou(5—5)
......... 0 0 ceereernennenns () 0
......... 0 0 erereneenanaens () 0
......... 0 0 cereerreneennn 0
......... 0 ()0 0
......... 0 O evrererrenens 0 0

0 0 erreereaaeanne 0 0
......... 0 0 0 0
......... 0 0 nsensenesennees 0
...... sué@ 321:@)............0 0
...... Sm(:x) szz(x)() ()
......... 0 0.........311@;5) 321(/3:_‘5)
......... 0 0 vreeeees33(B—5)  550(8—5)
......... 0 [ R I 0
......... 0 00 0
......... 0 0 0 0

0 0 0 0

B@U): bi(z) - by()
: {: } (1.4.6)
! b12<x) bsa ()
BIO
S<x>:l: su(z)  su(x) } (1.4.7)
Ss(@)  S50(@) _

LBV, INHDR MY 7 A%, ZREL, H
B~ Y 7 = [child bearing matrix] B(x)
B X O EEE~< MY~ = [survivorship pro-
portions matrix] S(z) };\/\_5 o

VWE, MV AG EZAL2ED <Y
7 2 B(x), 8(x) WX-TRLTHBE, K

— 49 —
. IR

0 [ RS 0 0 0 0
0 0 remrnrennes 0 0 0 0
-0 [ T, 0 0 0 0
0 0 eerennennis 0 0 0 0
0 ‘ Qceveenvenens 0 ,0 0 0
0 | 0 veveeeenenee 0 0 0 0
0 | ST 0 0 0 O
0 0 ceereennnne 0 0 0 0
0 0 crevrnnnenes 0 0 0 0
0 [ R 0 0 0 0
0 0 rveneeneene 0 0 0 0
0 0 renreeenes 0 0 0 0

6 () ............ 0 0 0 0 ,
0 0 ceeerereenen 0 0 0 0
sul® 321:(13)...._ ..... 0 0 0 0
312(:.3) 322:([3) ......... 0 0 ' 0 . 0
6 0 sn(z—:S) szl(:z—S) ‘ 0 0
0 0  s$(z—5) $(z—5) 0 0

(I.‘4. 5)

(1.4.8) [50KH] &7%, G DRAEHIRER,
K (1.4.5) & Xo THRICRERD Y, £0
Frgad, ©lL 3, ZhzfificrleX (1.
4.8) itk - THRS NS,

7%, S(x) 13,

S(2)=L(z+5)[L(z) ] (1.4.9)
e, Fic, MRS RO LE,

S(a:)z[H%M@ﬁ)T[I_% M)
(1.4.10.1)

ko THMERS, S@ © 9 b, SG-5)
i, FORBREWE (BEEBEE Thabb,
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0 5 a—10 a—b x B—5 B z—5 z
G= 0 0 0 B(or—5)-++++eve- B(z) B(-5) 0 0 0~
0[SO  0eeeeeenenn 0 0 oeeeeraaaranaannn 0 0 | O 0 0
5 0 S© 0 | JE ST 0 0 0 0 0
a—10 0 1 S(a—10) 0 -eeeeerrvesrennns 0 0 0 ............... 0 0
a—5 0 0 coereennnnn 0 S(a—5)sweeessenne 0 0 0 renereennenn. 0 0
z 0 0 ............ 0 0 covreermennnnne S(é%?) 0 0 ............... 0 0
8—5 0 0 0 0 cvemeerraerannnns 0 S(8—5) 0 covnreernneanns 0 0
B 0 | ST 0 0 coereenrennnrnnnne 0 0 S(B)-sseesseeens 0 0
z—50 0 0 coerrnnnnnns 0 0 cereeerennnraaees 6 0 ) ST S@i5) 0
(I. 4.8

2Rk L Y SRIRVERERTH D LV O
) b, FT,
S5 =1 M I-3M(:~5)
(1.4.10.2)
WXoTHHEShS,

VWE, FIHORRE0LLZLE, BRI
BiIFs AOtEE (K9} 13,

{K(&)} _—_Gt{K(O)}
TREINDB,

{K9} ot 28{bxg3 & &, #HEHAD
DIEIERE (multiregional population projec-
tion] BRxAEHIN B, Bimoco DiFskiz BT
ZAO0EE (K™Y} X, GP—EThBz L%
FHELL T,

(K'Y} = }ifol;th{K(o)}

(1.4.1D)

(1.4.12)

ZEoTEBNRD,

bl b, tHoiCETHELLLED, THK
Ehancindibid, (K™} offiEix, K2,
BRoTbBEE~LENL, ZoEE—?T
D LEOEEE Yal{x} TRT, 2L, Yal,

20) mPr—RiL, E { } BRI bARTREDOR
FELTW3.

s oA, {x} 37 PATREhIH
BAEEHIADERERTHY, o7 v
DEFROAFI1ITHBY, —IzRBWTIT,
ANEiE, 88826 L v»H = Y 7RI E 5
TE GBI 335, 21T, AOREEA
M [stable population] iz3EL, #O&HED
BERBEEOADE, TRT, HE—EOM/R
ATEMT 5L 512k3, Z0LE, HgHE
RN DRERIER (x} b—E LR 3,

21) mYr— XL, LEAD LR - CHBEBRIAOER
H#EE {x} TRLTWBER, ZoiER k(@)} &+
LIV Z0OEREARICERLESTHA5. i,
A, ERERETRTODOIETH I 1D, HIRIKE
BHADERERE {x} ObbVic (@)} TkoT
RTZ LI L T, HBFEEHIADERERE z0H
HOWTERTHIZENTES, &R, k@) 11, 8
EHUIEN 2 R & &,

{k (@)} =1 (0D
E2(0)
£,(5)
k2(5)

k1(x)
sz.’L‘)

ki)
kz(z) J




B Y v — ZADMIRBIA O 447EE & 2050 HREI 31T 2HIBHIA D ORESF~ DB

B1 {K%} 3XU0¥ARD Y:

Fi
X Ko {K(n)}:Yn{X}
\ iK(n+1)}
z .
///
{K(m}
—A
-
//\
0 t n+1 RS
AR Al
Ao sghnEe
1 38
FEriAn
Ki®(x)
A
=

W&, Zo {K™} o bo@REKRTHh
&, Blokdeirs, ZORTE, BEERN
Blle, FEEPIADL HUNT A DA HE alhi
(JeleL, ARDEE L FEmBADo B
LB TIEE ), Fheod BEG RO REN

EWVIETTREND, D& E, k(x) 1%, % HED
THEBEROSADFIZEDZEIETHY,
(=KL,

ThHd HIROBEREmMETSLE,
5 Ki(z)=Yn
2=1
THBhb,
Wix =3 ¥ ka)=1
=1 =0
LB, 2L, {1} 13 {x} 0oEZFoMEELEUER

D LpBREFTY by [1 1 11 ¢ths ({1} b
{x} JFIRZ PVLTH3B).

n+1

T3, 2L T, {K?}, {KW} 2kiJ 55
BIA R ERITRE - TV a8, ks Ak
v, nkbOtic n+l L EE L BEEATIE,
ANOBRERRPR—E L5 L VI EEIHRE
T3, 78, ZORATE, BADENG
RAPERHIANOBIERLFEC 2 v ) fEI R
5Z LLREINT N3,

2) R=EHMAD

2 (I.41D) cXko1T, {K™} 13,

{K(’”}ZG”{K“”} ( 1.4. 13)
LB, zo K™ BP-1oXoie, ZEAN
MZEL TWB 56,

(K™Y} =2{K"1} (1.4.10
DBERIZL T3, L, (K9} R {KV} 3,
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ZEANOTIRAE RS, 2L {KV), %
7z {KV} 2HwT (K™} 28ET52 &
ETERv, T2bb,

(K™} = { K9} (I A 15.1)
H BT,

(K™} =1 K1) (1.4.15.2)
DX FET I,

KO} (K™} (1.4.16.1)

PR £ (K®) (1.4.16.2)

RDOTHBD,

WE, {K™} 221 L WIHBEBREACTRE
HSLTBRHIT, MEOIBIFIAAALLT,
{K} Tix/el, BEShiz Yix} LvwIoA
A WshlEEAD 2RELRTERD
B\, 722L, Yi
»Y{x}={K™) (1.4.17)
FRESEARAL, {x} X {K™} LRE—D
MRS 2 b ol AR A Tick T
2 HIRFIEBEIA O OBRILETH 5,

BlichRmliekde, “EAD & oz
{K(n)} @i,

(K™} =Y, {x} (1.4.18)
TRENDD, X(1.4.17) @ {x} 1F, =0
(I.418) D {x} Thd, z0 & &, R (I.
4.17) 5,

{K™}=2Y{x}
LD BRI ERSET B,
X (1.4.13) &K (1.4.19) iz xhid,
G'{ K"} =21Y{x} (1.4.20)
VWIS ERBELN D, £z, (X} OB
o,

(1.4.19)

1)/ {x} =1 (1.4.21)
AR 5705, 5 (1.4.20) ORI (17
EERLD L,

{1V'G"{ K} =2"Y (1.4.22)
PRSI B, CORD,

Y= (@) (1.4.23)

22) M 2D IREATWD XS,
{1}/ {x}=1
5 Avag at

BESNE, 2OYFANF—ThoT, AT
MLz inizBwT (K™} L) Am s
W EN 2D LELHGBIHAOTSH S,
IhErvy—2iL, KEEM AR (stable
equivalent)®® L A4S 7z, ZOEESMAR
X, VWhiE, ko AOoE, bbw T, f#5k
D BIEDOF A > T L IR E bz
ey (oA D] Ths vz bd, 2L T,

i, GItL-oTEKTZDOTIRAEL, D&
W2 A 2O BRI X o TEILL TITE, 3k
DEFENCBCTREAA (K™} (Zhi, &£
o NoiEE (K9} LGrickosThEbhiz
HEANATHB) CEELEL DO
Ay HURI A AEETH D L 2 B,

B2, (K™} » 2»Y{x} Thy, Yix}
2, K™Y Thizk, £z, BMADRE
HnieReT YaThs L&, REEMADY
PRI, ThBZ LEWRLEKTH B,

S, W3y, Yix} & (K9} rozR,
bz, Y &Y, (R0 kT2 BE K
AB) LOERPHFRLEZMTSHS,

B, TRETOERNLDL, AREEADOD
ANAEMERTH Y, RESEMAALS 2 L\
5 NOEEIMER TN 2 ADORR tiI2B 1
HZREEX Y 13,

Y =2Y (1.4.24)
LBN, DA, HBEEPEAET A HEOR
N ETHD LE, &7 TREN BW, 7272
L, 7 IX4ERIA DN (annual grouth rate)
Thd, LEN-T,

Yoy =(eY (1.4.25)
» 5\,
1=er (1.4.26)

DEEIAT 5, T, ANDEINER L e AO#s
MEry o,

rzé log ¢4

23) EEEE, chE TRERBAR] ERLU & (BEE
x, MES— FEEEE, SREH, KEAE: TvY
¥ —RAEFNE FORRAA~OBER] TEAREHES
250 Vol. 10, No. 1, 19804, 73-83F).

24)" Willekens, Frans and Andrei Rogers: op. cit.
p. 69,

(1.4.27)
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2 ZEARD (K™} BIUOREFMAR Y

Ay

Yixt=(=4"K™}) KDH=Yalx}

/ =A"Yix})

' ETEY
/ 0 / 7 n+1 §
555 1R
AR AL
Ki(l)(x)
Y /n+1 ' R
AR T e e e S
Y
3 ZESMADLIREOAND L OB
Eh
X K™} (=Y.ix})
z
/
/ /
/ {K(HH)}
$1¢ (O
Ky ’ /
I
Y ix} | |
e
| 0o ! t n n+1 FE
\\\
5 1ot _ RSN
FEEBIAD \\

K;“’(x)
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EVIOERBRVEIRY, zhaRBEvTaAk
Ly 2EHTRZLNTE S,

L. 5 HEHAHR
v Yy —2%, LEOHIBAADEENCET
BN EEBRRIE, SlclzOCERZ LT

R BT g0 HIRKFHEO M HEEZR L

o ik, TR, £Y, HEHOS»L
T35,

HRBGEESBIHIES (fertility) 1%, = b U

7 2 F(x) TrREhbd, 20 F(r) 3, 8%
HgAs 2 Hik D 5 &,

F(o)=[ Fi(z) 0

[ 0 F(» }

THRENDB, 12120, Fi(z) (G=1,2)1, =
B n o+d BECOAT LD LEDR )T
HEETH S,

zo Fi(z) 23 &, HBBIHEEER
(regional crude birth rate) {b°} (Z h i3,
Ry WWTHB) BELND, T,

(8%} =L & F)K@)TL 3 K(@)7™
(1.5.2)

(1.5.1)

LroTEbLNE, OO ALD [T Flx)

K(z)] &, #gnlERbERch Y, [ZK@)]
BEHBOBADTH S,

%7, F(x) & L(x) 2Hv3 &—RALMitH
EERA$ (generalized net maternity function)
(GNM) () DEMME ¢(2) C 1, B &M
WTELNBZETHLZ LEFRTHETHD)
ERBTLIRTE S, 2L, () %, BIE
s 2 M T H 5 H A,

% (@) =|: 16:(2)  26:1(2) :'

102(2)  20:(2)
= my(2)101(x) My (X) 5ol ()
l: My (1) 10l:(x)  M(2) 20l2 () }
(1.5.3)
X TERSADT M7 2 THD, ZOK

25) Willekens, Frans and Andvei Rogers: op. cit.
p. 71.

T, m(r) &, MRAFRIHERTH Y,
5 ¢ HURO 2 REROMAE R T B B, Eik,

(@) 1%, 1B BTG (1.5.3) 25, 6(a)

DEHHOXTHEL, Zo<= ) 7 20OHBH
BELZRTRThy, z0B4, 1HEMAHEIT
1EMTH D) 28 F Rz W TE § kT
HAELZ2BOBPOEENETFORTH S,
X (1.5.3) OEPRLLT, (@) 5 5
D3, T,

@ () =F(x)L(x) (1.5.4)

L THzbhB,
20 @) BRVT, HISRBIMEAER (net

feproduction rate) (WNRR) "EH I3,
NRR 13, B8R 2B TH 53 L&,
NRR=[ {NRR, ,NRR,
[ .NRR, ,NRR,
WCEoTRSNDI NI I R THB, 721201,
NRR; 1%, i M3 cHAEL 72 1&8F (BB
PO JHIBCRBCCTHET 3 TORETH B,
LZ%T, NRR & GNM Bk ¢(x) 0%
n RDOFFEHR (nth moment of GNM function)
R(n) %

RO)=| 2°g(2)dz (1.5.6)

CE-oTEETDILE, ZOBEOE IRV
£ RO c—FT 3, Z20OXD o, 8 1%, &
(1.4.5) TEEIhTW3X9T, h¥Eh,
HEFRED RIEERB I UOREFHTH 5,

SHIEEDHZZ L, RO) o EEHE A, |
AR OMPEAEESR (net reproduction rate)
Thd, Tihbb,

] (1.5.5)

[R(0)—2I1=0 (1.5.7.1)
F 7203,
[NRR—I1=0 (1.5.7.2)

D APERIBIOMBELER LS,

L 6 BEEENR

HIEED I T, AR oSS eEs
SRRz bbb, NOOHIREBEIOHEE
I 4B TLMTERTWED, ZZTO
ST, ZOH LIIRRR- T3, Thb



B Y v — AORFHIAR 37 & 2 OFEO LB EIC I ZHIFHIA D OEEMT~DOWEH

b, T.428TiE, HUISBIETR Lo BFED
TRAODOHIREBENG TS Nc D TH B0,
ZZTR, FeBEZ0L0rBET 55k
WA RBZ nbh, £TH i, BEHK
ZHET 270D OB EIKYE, 7x b ONCHUERGE
HBRIEHESh 5,

1) #Epk#E

B Eyk¥E [migration level] 13, # ¢ Hilfic
HIAE LU 72 AB35E @ Husk DAt o Bt B E 5 2 31
MOESIKE-THIEEN D, VWIETLEL,
ZOHEOREINEVE, BEIKEREVLEL
REND, TOKEZEET S, Huk
BISEY A ERIE (expected duration) 2 HIEL
RITHER SR, ZOECEHODIZI,
LG~ Y 7 = (life expectancy matrix)
e PR3, 721EL, e(0) i3, & (1.
2.7 BRI wes(x) DxE 0Lzl &0
fE :0e;(0) & ;(0) BV L&,
e(0) :[ 161(0)  ,e,(0) }

16:(0)  4e,(0)
TERBINDG N7 R ThbB, Thbb, B
i B CHZAEL 72 0 B0 A2NEskEs 7 i ¢4
ET 5 0;(0) 2ERL T 5~ Y7
A TH D,

HiAHE A B8N L CHIMUR CAEIE T 2R
DIREIL, 5 HIRTHAEL 2 ADE j IR T
HEET 2HIH O %ty £ & (the fraction of
an individual’s lifetime that is spent in a
particular region] iz X » CTERHENE S, Z
DI HIR & B EKYE (migration level] 6;
ETRL,

o ;0

s ¢(0)
ko TEET B L, 0= 50,0

TH5o

2) HIERIFEHER

DT, LADAD 1 EECRBIT A%
BORERHES D TH S, I T3,
ZRIZHL T, FRBIDOBBIREBORE 1 HIE
ENb, ZOREBOFEIEIZ B T, ML (2

(1.6.1)

(1.6.2)
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FERLTBZY Y 7R M(x) PRAVHR B,
M(z) L3,
M"(x):[ M,°(x) 0
0 Mzo(x)
Thd, IclZL,

Mp(a)= 3 Mis(2) (1.6.4)

Thd, R(I1.6.4) D M;(x) i, 22D
THAFRETOAND LD § M o 8 7 Husg
~DFHEERTH B,

EFEROXSERS NI M(2) 2\,
T BEROBERE~ Y 7 2 (@) 13,

r(@)=M"(x)L(x) (1.6.5)
TRENDD, TOERIIH HIRO v Rk
DAAD S L, ZOMoHEl~ 1 Bz (5
ER) BETIETH S,

7z, FiEIFEAE~< Y 7 % [net migration
production matrix) NMR 3, :

NMR= 3 r(2)

] (1.6.3)

(1.6.6)

Lo TmREhd, Z0< Y 7 2% {NMR;
EERLTE NI 7 RTHY, BIEHIEMN2
HIRO G &I,
NMR =[ ,NMR, ,NMR,
[ ] (1.6
NMR, ,NMR,
LV IORBEL > T B, (NMR; 13, 55iHs
BcEh, FHRCEEL TV AD S B,
% MBS 2 A0EIETH B, Lz
BoT, BIEMEN 2HBIIEASh T35
AT, FEHAEXARTH SR, SHukTI,
Fh (bbb, EOHB~FHHL 72205
ARHATH 3,

L7 HEBERA

nVyr—2RL, TRETRATEZIIL, &
T D FRIEIE O MR A EE O ST 2 1RE
LTVv24, Zhn LB, i 0@go Ao
MBI D OHEE LIRTRL T 5,

ML, HAESEZRHECEEL T AR
PHEbNB 0 A DRSO BLD 4
MickoTebz kol
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7, #1070 0o A1 o Uk
Dk {Q) TRT, Zo L&, AON#ENE
r THEML Cwa i biE, R (Z 27,
PRTHRECERLLES LT 3) O 0EA
OOHURANT QW) 1%,

{QW}=e"c{@} (1.7.D
TRERB, ZEL, ¢lid, b5 —EDPERT
b, Z0 {QY} EFEMmHAHE (ultimate
birth trajectory] v 9, :
t&#0L3h

0 {QY} BELhI L&,
i,
{@}=c{Q.} (I.7.2)

LWIOE {(QV) BEBR BN, TRy b
% {Q} LEX, ZESMEAEK (stable equi-
valent] L\9, Ziid, HENsz cEML,
FrHAT QY v ) HEREC 157D
DHOHAD 0 A D OHIREISF 2 =T (2
B, RE] LVIHFEEF, BEAAZSVTO
BETHHZLERTETDHS),

L 8 BEBAKESE

v ¥y — 2 IHUSAIA O OB 2RI T2 0T,
£FED NTER (intrinsic rate] OHEIEEZERL
T3, —fkiz, WTERE, FHgoFEAD
(stationary population}—z i3, Ef4FEiC
BIFAAOTHE—IBETAETENRL, &
FEAR [stable population] B3 5ETH 3,
Wz T, NERE, FHIBOZEAAO
e s THRETHE LV 25,

1D ATEHAR

R (T 43D X, BESMAOY I,
WYl RER2ERACTELL 5 G, Bk
O K® zHCCEHET2Z LA TES, £,
{x} 13, K (1.4.17) b,
1
Yy
EoTHEbh3, 22T, Yix}ickoTE
B A USRS 013, ZEZMEA00H
BAERIARTHZ, WE, BESMADK
BT B MR o @BEHEo Aoz Yi(x) T
T DIE, HIROMEES2ETHS L&,

{K(n)}

{x}= (1.8.1)

Yixi=[Y.(0))
Y,(0)
Y.(5)
| 7.5

: - (1.8.2)
Y.(x)

Yo(2)

Yi(o)

L Ya(2)
Li2d, ZORZ MNVOERE MBI HEL
T, &HgE, TORMEEHR TS, BE
LMAD BT ZHIBIRAODOR Y v VS
bhb, ZOR7 Mk (Y} TEFIT, —fKic

l {Y}: xgzoyl(x) -
; (1.8.3.1)
xéoymcx)*
Husko %2 2 TH B L &1,
W= Sy ]
o (1.8.3.2)
2 V@) |

L%, TORY FIVOETE L o T S HE
BN (ZESMA D Bkl AL &2 Vs

(=1, 2, - , m) TREE,
{Y}: ‘ ¥1 -
[: (1.8.4)

Y
b, IBIT, VE, ZOXNT VVOEFEE
EFTHIOE % /4 E % (principal diagonaal
element] L3 5175% Y 31, Y i3,
Z EEAHA D O Mg A B O xh41TF] (the
diagonal matrix of stable equivalents of
total populations] Th YV, —fi%iz,

Y= Yl O eecenneanns: 0
A CO (1.8.5)
0 Qeeeeerees v,

’
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&5,

ZoX(1.8.5) TEEIhB < )72 Y
MR TS MA D0 HiTHE2 (@ TR/
& {b}, T7abb,

{b}=Y"1{Q} (1.8.6)
(‘;)6\/‘&35
{b}=[ b, :l
L b, :
10l ol
L 0 YZ 0 QZ
:'gf 0
! 0 (1.8.7)
0 2
Y,

mmﬁméxf&a NIEHAER 21X, ©ES
EAD DL OHAERTHE LV 2 5,

2) WEELR

LRowESMEAK (QF "ELLD L,

{K(z)}=e7"% 5’L(ac){Q} (I.8.8)
ZEoT, THID o+4 BETORTEMA
0 {K(2)} 2EHTSZ LR TE 5, 20
(K(2)} 13, 2H0BHE,
{K<w>}=[ K,(z) 0 ]

(1.8.9)

0 K@
LVWIODT Y 2 A ThHB, 20 (K@)} &
BT, ®EEMAD © L 2 ZESMIETI
(stable equivalent of death) {D} 2345 & h

%o AD} TER,
(D)= 5 M7 (@) {K(2))

x=1
=[ i M(r (x)e—r(xm SL(2)] {Q v
(1.8 10)
CroTHEHENRS, EL,
5M(r)<x>___
Mis™ () 0 -een cerenas 0

Q MZ(;.(Ti(x)..;... 0

O () ...... Mn5 (7':) (x)
: -~ (I.8.1D
Thb, ZOEHF Ma"(2) 1%, WNErox
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b r+5 RE TOREANADOHIBHIFE TR
Thd, LT, Me™(2) 1%, Ry TH
M BRENNCRIT B 7 Mk A5 ¢ Husk
EEr EFR 17 () (=l (x)) Lz0%
FEANOCBT 3 @b x+4 BOFHERD
)IL_AD L(r)<x>( e—'r(x+2 5)L<x>) é: J:’)T

BEHEhES, KX (1.8.11) 0EHR M (x)
X, IRy O s @ErD 25 BRETOREAN
mw%ﬁ%%t%fﬁéo

2 (1.8.10) o {D}ic Y 2 LiE {d}
BNFEF TR (intrinsic death rate] Th 5,
Thibb,

{d}=Y"{D} (1.8.12)
Thb, MRS 2ZHIBICK ST 5 L&
{D} o¥3%% Dy, D, 313,

(dy=r Y, 0 7'T D,
L YJ o)
[ } (1.8.13)
LTE

T &) Do \_;41/[/ i, %{ﬁ)\u@f@h&%h%t4
LRI LED,
3 WNERIEHIER
BINRy ORENOD 2D c+4 ET
O HBHIRHA 0BT 2 REEMBARLE &
(the origin destination flow of stable equi-
valeut migrations] O i3,
0= i}looMm () K(x)
TEHEz2 b5, 2L, M7 %, ¥Er T
W 3R EANDICBIT S 28D o+4 %k
THOAND (ZEERALD) OF i i, o8 j
W~ OB My (2) 2 ER LT 2~ 1Y
JATHY,
W (x)=
O M21(T)(.'L'> ...... Mm1<7')(x> :
M ('r‘)(x) ’

(1.8.14)

M (r)(:@ M (r)(x) ,,,,, 0
(1.8.15)
Thb, 2O )7 20EHR (XA ER
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(principal diagonal elements] D4} B 3%)
b, B IM(x) L LW(x) EhbHEESh
5. EE, Zhbig,

M (=" (2)—1" (z+5) L™ (z)]™

(1.8.16.1)

M (@) =1 (DL (D] =]

(1.8.16.2)
TExbhBE< by 72 M7 (x), M7(2) @
FRAAERMIOBER Mi;"(2) (=1, 2, -,
m;i=1, 2, -, m;ixj) Th3,

ERED 0 L Y LERTHELRS {0},
Thbb,

{0}=0'Y" (1.8.17)
ANTERATE HER (intrinsic total out-migration
rate] Th 3,

I, BESMADO L SHBRRHERT
HHENZ B,

4  NIERTAR

3 Tk 0 K (1.8.14) AT,

{1}=0{1} (1.8.18)
CXoTEFEShD {I} c Y 2RUTHED
nNa<hY 272 {i}, THhbb,

{i}=Y"Y{I} (1.8.19)
NTERIEAZR (intrinsic total in-migration
rate] v 9,

LY smigmAnEoRs

BB, vYv— 2%, ANOBESECLEES
 SHIAIN O ¥ v g8 [spatial zero popula-
tion growth] (2B 1) 3 HUIRM A O#EE 1o\
THL T3,

MBHAAREFEILEAD EEroAR) 12
BAGAICIE, —fic, AO#Rzelsw
BFhiEis by (—#ic, HEOHIFAIAD
3, SBTLYL, BIEADTR ZVDD Th
%)e ZDNREEMBOBOBHERLL T,
I 2EEDO LD EZET T2,

ZDHE 1, a—k— b B E # & (cohort
replacement alternative]l TH v, ZhiE, &
HRc BTl Z TR 1L TeHEETS LY
L THIEARZERT2HETHS,

ZDH21%, F—HRIK T # (proportionat
reduction alternative] T» 1, ZiiE, T
TORIRD HES & —fRicF—HBCRTS®
THIEARNZERIESHETH B,

D =—g— vk

REOHIBHIMBELEESR NRR # 50k o
R RO TRL, % Hiko NRR % R(0)
TiRLIz L&, RO) i3, '

RO)=[,R) 0rerevernns 0
Q 2R(0) ......... ()
0 0 n}g(())
(1.9.D)
L5,

#IEADIZRWTIE, RO) oxtfs o 5
BT RTLLAEBZDTHEIND, HIEAOD
R(0) % R(0) Tz,

RO)=-1 0-eeme 0
° L0 (1.9.2)
0 Oeoren 1

L%, TDLE, BiED NRR % R(0) 2~
5K (1.9.2) »X 57 RO ez 372H0
< VIR Y, Thbb,

T=_ T, 0-corene 0
0 7'2 ....... 0 (1.9.3
0 0wl

PETET %, Thid, HISBIHED FE AT
%] [diagonal matrix of regional fertility
adjustment factors] Th %, LB -TT i,
R()=TR(0) (1.9.4)
EWMRETS Y ThBHLEESNS, 2O
b,
RO)'Y=R(0)

= 1 Qeeereeenn 0
0 1o 0f 1 g5
0 0--- 1

BELhENRD, T,
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4 F(z) ¢ F(x) Uiz Fz) LoBg

(i) Flx) & Fx) & o BiS A
Fi(X) L Fi(x)

m

aﬁ/i’ ' WA
Ny y/a44.
V4

LEH x i x

L

1 r i m

,_...
~
=4

&=

&
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—
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=

A
(i) F(x) & F(x) & DB%

Fi(x)
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Y=[R(0)' ]!
Thbe

VE, T OERAERESINY VOB
RTTEBZRY M vE T} 12k - TReld,
ZOXR7 MV,

{r}=LR0)" ] {1}
wrkoTEbh B,

(1.9.6)

(1.9.7)

roAac &K (1.9.2) CRENDLORE

AEANO %2155 7 i B 7 MUk B E s I EE R
[fertility rate] F(x) 1%, BFEOFn % F(x)
ETBLE, '

F()=TF(2) (1.9.8)
KIoTE LR B, 20 F(r) wpiEs
(replacement fertility rate] &\ 5, ZoX
5z F(x) #FvTe&iiio Ao a#EAdiz
BEI SR a—F&— FIEBRE LS,

2) F—hBIETHE

B—BETER, R(1.9.39D) 07 (G=1,
2, s, m) BT RTRE—OfEIZ L TE HiE o
ANOEFIEADRIEZHE, Thbb,

Y=Y ‘ (1.9.9)
LT, £RickiTaEHIEANEELHE
ThBLEVE B, LENST, 20V 2RKDT
HBE, RO) oFEKRKEFHREZ 4LIRO)] &L
e L ¥,

yo 1
- ALR@0))]
L5,

IR B ER S F—0 LR Y T &
BTHLNDHIEADEERT D HLE
kB FER I ESR (fertility rate) F(z) 13,

F()=TF(z) (1.9.11)
TEHEx2bNB, 2L, ZZTDTY I3,

(1.9.10)

2,, — )f' 0 ......... O
O Y:’ :,‘. ...... 0 ( I . 9. 12)
0 Ot r

ThB, DL D7 Fa) kvcatigo
OrEIEADCERES 2 HEY, R—HRK
T,

413, =—k— MRS L RI—RET

WLickids Fa) r F@) nbvtic Fo)
COBRERLIZLDTHB, I2717L, Z0[
i3, Fo), F(x) novie Fo) ozmse
750 T\ 55 ¢ il o R MER L Fi(n),
Fyx) o0 Fua) k- TRLI

L 10 ##E3+o AORRAOQEE
- SHugo Az U T AN ONER S iz
LExoMEBMADE ¥ Rt o, sk
W 2 Mo %A, ¥ g,

Y=Y, 0

[o YZ}
TRENB, L Vi izeHiso AnizstL
TEIEAOSER S NI BA0E § #iko An
TH53,
ThiXLT, Y REHTABA v
HEOHBEHIADEZ Y 3%, Y i, HED
% RO ANO % Y, T, Bl 2
Wik o5&,
Y=Y, O

-

LB, T LY L, —HACEU B,
LieoT, ey —213, Yied+asY. o
e Tinbb, YV 2SR e ADKE
N AR [spatial momentum of zero popula-
tion growth] L4337z, =D H#EE 5»° T
R, Tiabb,

(1.10.1)

(1.10.2)

0__ Y,
=y (1.10.3)
ETRIE, TREEZELTHERS MV {9,
(P} =YY} (1.10.4)

X oTmans, 220 (¥, ¥ oxx
AROEREFIRY PNVOCHESTHLNS

CR7 M NTHBE,

26) ZZTHWLRTWAHHEDS b, v e—ANEE
LT3 DIt b TWB BAEDFREL LTI,
REOMBNEY, TAETICAAREICLZrY »—2R
DM AN BITEO SmAIBRENR R WD, EENEK
LT TH B LB - THELERE NENFTEEYZ -
DEBLBIRE) BHENLATWS, LT, b
L, &bic, BHEELRBREND ZEEITIIE, 20
X O BUIRRENEVWLRAZ L RRET .
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, P i ®OGER1) A 2 fi (R 2)
FHnbER . : :
9:(x) pu(zx) Pra(®) 101(2) 1002(2) a:(@) pu(®) P;z(-'l') wli(x) wlo(x)
0 0.015 0.953 |{. 0.032 100000 . 0 0.016 0.973 | * 0.011 100000 0
5 0.002 0. 955 0.043 95319 3227 0. 002 0.984 0.014 97293 1064
10 0.001 0.972 10.027 91104 7275 0.001 0. 989 0. 010 95829 2350
15 0.002 0.982 0.016 88616 9665 0.002 |- 0.950 0.048 94830 3221
20 0. 003 0.959 0.039 87467 10617 0. 004 0.937 0. 060 90133 7699
25 0. 004 0.937 0.059 84486 13325 0. 004 0.952 | . 0.043 84735 12758-
30 0.005 0.944 0.051 79747 17694 0. 005 0.971 0.024 81447 15625 |
35 0. 006 0.958 0. 035 75713 | 21268 0.007 0.976 | 0.016 79849 16728 -
40 0.010 0. 966 0. 025 72001 | 23447 0.010 0. 980 0.010 78563 17330
45 0.015 0.971 0.014 70620 24765 0.015 0.976 -| 0.008 77412 | 17489
50 0.022 0. 965 0.013 68759 25192 0. 024 0. 969 0.007 75817 17628 |
55 0.034 | 0.954 0.012 66534 25305 0.037 0.956 0. 007 73718 17534
60 0. 056 0.933 0.011 63626 | 24980 0.059 | 0.934 0. 006 70669 17247 |
65 0. 097 0.895 0.007 50495 24041 | 0.100 0. 898 0. 003 66215 16535
70 0. 166 0.825 0. 009 53344 21995 o 0.172 0.824 0. 003 59546 14993
75 0. 282 0.705 0.013 44099 18615 0. 289 0.707 | 0.005 | 49223 12581
80 0. 445 0.535 0. 020 31180 13734 0.448 0.545. 0. 007 34949 9106
85 1.000 0. 000 0. 000 16776 - 8102 1.000 0. 000 0. 000 19231 5117

(B BEHEX, WEEE—

BiEER, BARER, kﬁfi%’%'FU*‘/’%—-Z%f}U&%@Ei)\DI\@ﬁmJ THA#E¥431 Vol 10, No. 1
19804, 73-83EIC b {ERk L7,
EEOHEICAWDRE ¢:(x), pulx), ﬁxz(x) ‘ifl\ﬁﬁlJ\"F6ﬁTi“C®{ﬁLJ: 5> TREN TS, TORTE, SIHRELEHHICHEA

TRk®, ThEDHEE, MELUT3IHOEFTRINTHS

I OYvy—AODPEOOHEO A
AOEERT~DE R

v ¥y — 2 OHUEHIA DEERITEE v
HAEOHIEI A DEEOEITIE, 3T,
B (Tatsuhiko Kawashima) iz & » THA 5
NTRBY, |

iz, brEEIME M (s, #AL
BB, B, R, JERE EE, KR, PE,
MEE, S 2o, %E%L%?%LODﬂﬁﬁ§ODZOOO£E
£ TOND 219754 & Hulgk B D HEE O 1 58S
ELTHREL TWv3,

bbbz, b2\EHZ TEEEHR] Hig CGEx
&, HENR, FER L [2ofl Higo 2

Higtic KoL, —EEEPHIRL, 2otz
W2 b5 5—z0 2O AOEeY v —
AZDNEZRHCTORLZ®, 22T, §F

27) Kawashima, Tatsuhiko : Migration and Sette-
ment in Japan (A Part) Laxenburg, International
Institute for Applied System Analysis, 1979.

28) ZME Bk, Wi E— mEkEEnR SREN KB
3 FHBRIC. AR X OO 7 D EENO fERR

m,bhbh@ﬂﬁ#%@5%ﬁ%u%¢5%
DEEFBZLITT B,
i#,ﬂﬁwﬁﬁkﬁ%&%ﬁéé%<hﬁ
) BR1IOLX Yoz, 2L, 1970
BOLFIETHLOTH D,
R 1AL BETOESRG—HAR
BISEESMmE X OBEEPEEAM—ITFK 2
RSN T 5,
K2MNTRENTVBHMED 5B, 2L xid,
HIAE MBI SE Sy () Goer(x) DOFFD B
5 24TEOME) 1, HAMA (FEEE] Tbs
50N (&F) BEo% (EEE] TAEFET
BIEHEEMN 6. 26 EETHDHZ L ERL T3,
T 10:(x) Geer(w) OFEMICENL L T3
18 13, HAEMPEER TS5 5 8Bo A&T)
INF D% [FOM ] oM CAEET 2 EHEK
WN16.024ETHBZ LETFL TS, Licdis
<, TEEE] CHAELRELbEO N (P »

DBETET B5FFEEE, Zh b DEFHE,

i, EEBRTEENCAFEFEELRICE > TBI b
N, BRI a v —F—T X B0EE, EiEEE
Rz L - TRz Rbhik.
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® 2 ARG, BEMFITHKG Q970E, &7

(1) HEMFIESRAG (KT (BT - 42)
o HiAE3b rE B IR

' HIZERS 2 DAl
(PR

IC2)] 10812 | wee(@) | & B | 20ee(@) | 00es(2) | & &

| o] 60.33| 14.88| 75.21| 64.38| 10.37| 74.75
5| 56.26| 15.02 | 71.28| 60.44 | 10.52| 70.96
10| 51.62| 14.78 | 66.40 | 55.64 | 10.45| 66.09
15| 47.10 | 14.36 | 61.46| 50.85| 10.32| 6117
20| 42.71| 13.87| 55.58 | 46.24 | 10.06 | 56.30
25| 38.43| 13.30| 51.73| 4L.91| 9.57| 5148
130| 34.37| 12.55| 46.92| 37.81| 8.88| 46.69
185| 30.52| 11.61| 42.13| 33.83| 8.09| 41.92
40 | 26.87 | 10.52| 37.39| 29.94| 7.26| 37.20
45| 23.33| 9.37| 32.70| 26.15| 6.42| 32.57
50 | 20.02| 8.18| 28.20| 22.46| 5.58 | 28.04
55| 16.80| 6.99| 23.79| 18.90 | 4.75| 23.65
{60| 13.74| 5.83| 19.57| 15.51| 3.94| 19.45
165 10.80| 4.72| 15.61| 12.34| 3.17| 15.51
70| 833| 3.70| 12.03| 9.49| 246/ 11.95
75| 6.13| 2.83| 89| 7.04| 1.8 | 889
80| 43| 2.15| 651| 510| 1.37| 6.47
85| 3.06| 169| 457| 3.67| 1.02| 4.69

@ FEEMIESRG (P (AL« 4R)
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JRRL BOR, ERKE, 19734, 11-12H.
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Synopsis

Suzuki, Keisuke : Roger’s Method of An-
alysis of Regional Population and Applica-
tion of the Method to the Analysis of the
Regional Structure of Population of Japan.
Ronshit  (The
Journal of Ryitsi Keizai University) Vol
15, No.3,1981/2. pp. 39-68. _

The purpose of this paper is to grasp and
clarify the structure of the Roger’s method

Rydtsi Keizai Daigaku

of analysis of regional population and to
try to introduce the “adjustment matrix of
generalized Leslie matrix G, A.

According to the Roger’s model of re-
gional population, regional population at
time n, {K™} is expressed by

{K(n) } =Gn{K(n)} (A)

This equation can be rewritten in the
following form.

{K(n)}ZGG ,,,,,, GG{K(O)} (B)
If we give numbers, »n, z—1, ----- , 2,1 to
the G’s from the first G to the last @ in
the above equation (equation (B)), the equa-
tion is expressed by

{K'™}=GuGn_1 GG { K"} ©
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The matrix (generalized Leslie matrix)
with subscript #, G: is regarded as the spe-
cific generalized Leslie matrix for the
period from time f—1 to time f{. And, if
the G: (t=1, 2, -+---- , 1) is not equal to G’

{#'=1, 2, ------ , 3 t'%1), then G; can be
expressed by the equation :
Gt:AL_l*Gt_1 (D>

where the symbol “x” shows the Hadamard
product? or Shur producttf, and the A4._, is
the adjustment matrix of generalized Leslie
matrix Gi_y.

When we introduce the specific gene-
ralized Leslie matrix into the calculation of
the future regional population {K™}, we
will be able to find a future regional popula-
tion other than that which is obtained by
using the constant generalized Leslie matrix
@, although we can not find the stable
equivalent. Therefore, we can say the (con-
stant) generalized Leslie matrix G proposed
by Rogers is very important for analysing
the structure or character of future regional
population, while the specific generalized
Leslie matrix G; will be used for finding
the future regional population when the
future structure of the matrix G can be
estimated or supposed.

When the specific generalized Leslie
matrix is adopted for calculating the future
regional population, the adjustment matrix
of generalized Leslie matrix G, A will be used
as the indicator of the change of the
matrix G.

We have another usage of the matrix
A. If we have some G’s which are actually
obtained by surveys of population, and they
are, for example, G;, G, and G; then we
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can compare the structure of these G’s to
each other by using the matrix A.

If we regard G, as a standard generalized
Leslie matrix, then G, and G, will be
expressed by

G2:A2*G1 (E. 1)
and
G;=AxG, (E.2)

where matrices 4, and A, are the adjust-
ment matrix of generalized Leslie matrix
which are regrded as the indicator of the
difference between matrices G, and G, and
the difference between matrices G, and G,.

T Hadamard product of matrices ¥V and
W which are kx4 matrices is the kx#a
matrix of elementwise products and it is
defined by

VEW=[ 03,00y, Vinthsn

VpyWpy==-e- VrnWin
where
V = " v.u ...... Vin

(Rao, C. Radha Krishna and Sujit Kumar
Mitra : Generalized Inverse of Matrices and
its Applications John Wiley, 1971, pp. 11-
12)

tt According to the note by M. Shibuya
and K. Tanabe, Hadamard product is some-
times called Shur product. (Shibuya, Masa-
aki and Kunio Tanabe (translators) ; C. R.
Rao and S. K. Mitra : Generalized Inverse of
Matrices and its Applications (in Japanese),
Tokyo, Tokyo Tosho, 1973, p. 11.)



