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bihfee THIC LD, HJiCIRIBERGRILE & LCHHEs = v Oy — P RERSAERE SR, VBRI TS
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Table 1. Development History of Tomakomai
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Fig. 2. Population Change (Tomakomai).
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Fig. 3. Rates of Out-Migrants by Sex Fig. 4. Rates In-Migrants by Sex and
and Age (1978, Tomakomai). Age (1978, Tomakomai).
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Fig. 6. Migration Rate by Age-cohorts.
M, = (P@)P(t—1)—1.0)x 100
j: 5-Age Group (j=1,2,--,16)
P{#): Population of the j-th Age
Group at 1.
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Fig. 7. Coefficients of Age-specification.

Sy = (T T)/(H/H)
r: 15-Age Group (r=1,2,-.-, 6)

H: Population of Hokkaido.

T: Population of Tomakomai.

H,: Population of the th Age
Group of Hokkaido.

Ty: Population of the rth Age
Group of Tomakomai.
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Fig. 8. Type of Population Change.

Table 2. Types between Social and Natural Change in Population

Type : Significance Cities
. Sapporo, Tomakomai, Kitami, Iwanai, Asahigawa, Wakkanai,
. Iy S.I>N.1 Chitose, Obihiro
I, . S.I<N.1 Kushiro, Otaru, Abashiri, Rumoi, Nayoro, Takikawa
1L j S.D>N.1 Muroran, Nemuro, Hakodate, Monbetsu, Fukagawa, Furano
. Yubari, Ashibetsu, Akabira, Bibai, Utashinai, Shibetsu,
1, S.D<N.1 Sunagawa

1, S.D>N.D | Mikasa
L - -
m,  S.D<KN.D
vy S.I>N.D
v
v, S.I<N.D
S.1 : social increase N. I : national increase
S$.D: social decrease N.D : national decrease
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EOBE AR T o RS 2 ABORERE, Ml s 2 22 E 35, fFEIEBOAIRE R, KAl
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FORCE . POPULATION | | POPULAT ION Gov. DISBURSE-
MENTS OF FACILITIES
L St L S— 1
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HOUSING PUBLIC SERVICE FOR
M1 nvesTMenT HFACILITIES [ INDUSTRIAL
EXCEPT HOLSING™ >| FACILITIES
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Fig. 10. Summary Flow Chart and Feedback Loops among Sectors.
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B—RA DB KT B AN fertility 1, F& L CEDEMMNTERFRCH 5 RER e Skt
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(1) 15~19 fEfin /R 2k Ak SR B
15~19Y; = 0,00004-1.192715~10X2,;
(0.0005) (0.0966)

P 00011  TEAABSMEAC 09332
F—vev by vib 13861 EOUERY 0.0000

(i) 20~24 45 R 2k H A SR B

LOG (g0~24Y7) = —0.8536—0.9226 LOG (X1,,)
(0.0446) (0.1706)
+1.0692 LOG (X2,1)—0.5170 LOG (X3,/)
(0.0550) (0.1801)

v 00007  TEARBAGE 0.9985
Ko by uk 23799 EE4EBS 0.0000
(iti) 25~29 4 i R 2kt AR SR B

LOG (25~20Yy) = —1.0392—1.8658 LOG (X1,;)
(0.0563) (0.2056)
+0.8153 LOG (X2,,)+0.6735 LOG (X3,4)

(0.0366) (0.1419)
PEHERRIE 0.0006  FEAHBISRFE 09988

HA— v b v vl 35203 H SR 0.0000
{iv) 30~34 SE AR 2R LA 3R BA%KL
LOG (3()~34Y1,) = —11.7012—31.8696 LOG (X1,,)

(3.3631) (8.0707)
+2.0021 LOG (X2,,)+15.8716 LOG (Xa,4)

(1.2144) (4.8246)
PR 00074 TORIBYERA 09487
F—Evev kv v 27033 {OAEES 0.0000
(v)  35~39 4E b REHE Ak H A SR B

LOG (s5~30Y1) = —9.5492 +0.6230 LOG (X1,,)
(2.7335) (8.0314)
~6.0571 LOG (Xa,/)—4.4251 LOG (Xs,,)
(5.4353) (4.1876)

e 00063  TEAIBIEEAK 09446
-~ ve-u v v 22932 H 4R 0.0000
(vi) 40~44 IEfG RS B AR 3R B
LOG (s0~44Y,) = 0.0000+418.1538 LOG (X2,,)
(0.0775) (2.5944)
—13.3302 LOG (X3,,)
(2.2781)
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Fig. 11. Flow Diagram of Birth Sub-sector of Population Sector.
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Flow Diagram of Death Sub-sector of Population Sector
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SOY Ty 2 =T o0, AR, RIBECY b b, B - HarBER LA LT B,

i ABYBURES TR PR, B ERPERE O L ETIANE S LT Aol TR L, F RIS s
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specification XTI, F72, 3= A F AL

(i) = AB#R In-Migration Function

o THRT BMEE S » b, OB OHEE
partial test Of5¥Ix Fig. 13 wiR+,

LOG (M;,;) = 9.8509+0.0171 LOG {X1,,)+1.0081 LOG (Xa2,)
(2.3980) (0.2962) (0.3978)

P 1201.1000  TARBYERIL  0.9070

e vet] number
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Fig. 13. Result of In-Migration Function.
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Fig. 14. Result of Out-Migration Function.

(i) #£HB3%L Out-Migration Function

LOG (Mo,) = 3.5475+0.1738 LOG (X1,,)
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TR HI3% M1 1980
FT—1 o ¥R
Age Group 1960 1965 1970 1975
1 00~00 0.03630 0.02516 0.01595 0.01248
2 01~04 0.00295 0.00163 0.00190 0.00144
3 05~09 0.00944 0.00698 0.00221 0.00182
4 10~10 0.00620 0.00436 0.00251 0.00096
5 15~19 0.00144 0.00289 0.00616 0.00382
6 20~24 0.00744 0.00598 0.00486 0.01337
7 25~29 0.01796 0.01351 0.00734 0.00849
8 30~34 0.00542 0.00676 0.00761 0.00823
9 35~39 0.00961 0.00887 0.01501 0.01677
10 40~44 0.01486 0.01235 0.02401 0.01219
11 45~49 0.02978 0.02796 0.01668 0.02643
12 50 ~54 0.05376 0.04328 0.03535 0.03182
13 55~59 0.08101 0.07190 0.07644 0.04898
14 60~ 64 0.13266 0.09890 0.11184 0.07782
15 65~69 0.16075 0.18042 0.15028 0.13909
16 70~74 0.26930 0.24504 0.25192 0.22749
17 75~79 0.50732 0.42187 0.39798 0.42429
18 80~ 84 0.71456 0.59522 0.55202 0.61975
19 85~ 1.00000 1.00000 1.00000 1.00000
®2 o TR
Age Group 1960 1965 1970 1975
1 00~00 0.02691 0.02270 0.00847 0.01419
2 01~04 0.00182 0.00290 0.00028 0.00019
3 05~09 0.00426 0.00452 0.00473 0.00093
4 10~14 0.01651 0.01513 0.00132 0.00104
5 15~19 0.00166 0.00100 0.00199 0.00104
6 20~24 0.01188 0.00894 0.00432 0.00383
7 25~29 0.00501 0.00392 0.00403 0.00192
8 30~34 0.01487 0.01070 0.00768 0.00422
9 35~39 0.01537 0.01100 0.00967 0.00864
10 40~44 0.01798 0.01124 0.01159 0.01057
11 45~49 0.04030 0.02490 0.02572 0.01312
12 50 ~54 0.03179 0.02564 0.02787 0.01564
13 55~59 0.03143 0.02866 0.04692 0.03167
14 60~ 64 0.07932 0.05304 0.05730 0.04891
15 65~69 0.12801 0.09921 0.08150 0.08907
16 70~74 0.14283 0.16414 0.17443 0.15854
17 75~79 0.34821 0.25553 0.32956 0.27855
18 80~84 0.61318 0.38624 0.52116 0.45284
19 85~ 1.00000 1.00000 1.00000 1.00000
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Fle 2 X — DR Y A

1. VARIABLE LIST OF POPULATION SECTOR

1. MPus
2. MSsex

3. MDs#x
4, MM
5. MSDRx
6. MARA#
7. TP

8. TMP

9. SR

10. BR

11. MBR
12, TDE
13. MDE
14. MNETMI
15. NETMI
16. SBRa#x
17. INMIG
18. OUMIG
19. E1

20. E2

21, E3

22. RTRE
23. HEDR
24, RTINV

Male Volume of ##-(sx+4) Age Group

Male Shift Volume of ##-(sx+44) Age Group

Male Death Volume of ##(s+-+4) Age Group
Male Migration Volume of #x-(sx-+4) Age Group
Male Specific Death Rate of #x(xx+4) Age Group
Male Net Migration Rate of ##(sx+4) Age Group

Total Population

Total of Male Population

Sex Ratio

Total Volume of Birth

Male Volume of Birth

Total Volume of Death

Male Volume of Death

Volume of Male Net Migration

Volume of Net Migration

Specific Birth Rate by #s~(sx+4) Age Group
Number of In-migrants

Number of Out-migrants

Employee of Primary Industry

Employee of Secondary Industry

Employee of Tertiary Industry

Total of Administrative Investment

Rate of Graduate of Senior High Schools following Advance Coure..

Investment of Tangible Fixed Assets in Manufacturing

2, VARIABLE LIST OF FISCAL SECTOR

1. IUE
2. CEM
3. 1IPC
4. IMIT
5 CMIT
6. MIT
7. OTH1
8. OTH2
9. TD
10. PD
11. CT
12. TTLG
13. STLG
14. TPD
15. SA
16. PEA
17. GRA
18. TRA
19. TEA

Income from Unicorporated Enterprices
Compensation of Employees

Income from Private Corporations
Individual Municipal Inhabitants Tax
Corporation Municipal Inhabitants Tax
Municipal Inhabitants Tax

City Tax without MIT

Other General Revenus without City Tax
Treasury Disbursements

Prefectural Disbursements

City Tax

Transferred Tax for Local Gov.

Shared Tax for Local Gov.

Disbursements by Treasury and Prefecture (=TD+PD)
Special Account

Public Enterprise Account

General Revenue Account

Total RevenueAccount (=GRA+SA+PEA)
Total Expenditure Account {(=TRA)
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Expence for Running
Expence for Investment of Facilities
Investment for Industrial Facilities

Investment for Living Facilities

3. VARIABLE LIST OF INDUSTRIAL SECTOR

SFIM1
1IM1
DIM1
APIM1
RIM1
FIM1
NPM1
RINP
VSM1
EM1

. PMI

RMNP
NPMI

. NPCO

NPMF
Where,

s
4

Stock of Fixed Investment of 1-Manufacturing
Increase Investment of 1-Manufacturing
Decrease Volume of I-Manufacturing by Obsolete Assets
Antipolution Investment to Net Product of I-Manufacturing
Rate of Investment to net Product of 1-Manufacturing
Fixed Investment of 1-Manufacturing
Net Product of 1-Manufacturing
Rate of Net Product to Shipment of 1-Manufacturing
Value of Shipment of 1-Manufacturing
Emplyee of 1-manufacturing
Product of Minning
Rate of Net Product to Product
Net Product of Minning
Net Product of Construction
Net Product of Manufacturing
1 means the industries of Food and Kindred

2 Lumber, Wood, Furniture, Pulp and Paper

3 Chemical, Petroleum and Coal

4 Ceramic, Stone and Clay

5 Iron, Non-ferrous metals, Fabricated metal
6 Machinery
7 Miscellaneous

4. VARIABLE LIST OF CAPITAL FORMATION SECTOR

NHAU1
INHA1
DNHA1
SHAU1
THAU1
DHAU1
SHAU2
IHAU2
DHAU2
SPEI

. IPEL
12.
13.
14.
15.
16.
17.
18.

DPEI
SHAU
DHAU
IHAU
NHAU
HAU
IHAU

Number of Stock of Public Dwellings (household)

Number of Increase Dwellings by Public Investment (household/million yen)
Number of Decrease dwellings by Obsolete Assets (household)

Stocks of Public Dwelling (million yen)

Increase Volume of Public Dwellings Investment (million yen)

Decrease Volume of Public Dwellings by Obsolete Assets (million yen)
Stocks of Private Dwellings {million ven)

Increase Volume of Private Dwellings Investment {million yen)
Decrease Volume of Public Dwellings by Obsolete Assets (million yen)
Stocks of Private Capital Formation (Excluding Dwellings) (million yen)
Increase Volume of Private Enterprise Investment {million yen)
Decrease Volume of Private Enterprise Investment {million yen)

Stocks of Public and Private Dwellings (million yen)

Decrease Volume of Dwellings by Obsolete Assets (million yen)
Increase Volume of Dwellings by Investment (million ven)

Dwellings Investment by Administration (exogenous Var.)

Dwellings Inbestment by Municipal (million ven)

Increase Volume of Dwellings Investment by Municipal
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19. INHAU1 : Number of Increase Construction by Investment

20, HCAPT : Rate of Public Dwellings per Household

21. RHHS : Rate of Household per Capita

22, NHH : Number of households

23, TP . Total Population

24, NP1 : Net Product of the Primary Industry (million yen)

25. NP2 1 Net Product of the Secondary Industry (million yen)

26, NP3 : Net Product of the Tertiary Industry (million yen)

27. 1IN : Private Income (million yen)

28. IPHAU ' : Investment of Private Dwellings (million yen)

29, INPO : Increase Population

30. RHHD : Rate of Increase Household to Increase Population

31, INHO : Increase Household

32, IPEF : Investment of Private Enterprise (Including Private Dwellings)
33, NHAU2 : Number of Increase Construction by Private Investment
34. UHC : Dwelling Construction Cost per Unit

35. MPAT : “MPAT” Function, Municipal Fixed Assets Tax Function
36. 1IN : “IIN” Function, Privaet Income Function

37. NHAU2 : “NHAUZ2” Function, See 33.

Summary

As is generally recognized, the change of the region caused by the large scale development
is rapidly prompting, and its effect appears the population change apparently. The rapid change
in population gives rise to much problems in the region. Therefore, points to which special
attention should be paid are to predict the movement of population arising from a location of
the large scale industrial park. It is clearly of considerable importance for the regional planners
to take its results into consideration and make a plan for a development. The objectives of this
present paper are to identify the structure of the Demographic System Model by means of the
DYNAMO equations of SD (Systems Dynamics) and the technique of multivariate analysis, and
with the aid of its model to try the post analysis of the macro movement of intra-regional
population arising from industrial development.

The primary demographic processes are formularized as follows:
AP = B—D+M; ;—M,

where 4P: number of increase or decrease in population.
By : number of birth at ¢ Dy number of death at /.
M, i : number of in-migrants at /.
M, o number of out-migrants at £

Each of the right-hand side is determined by the economic, social, and cultural factors.
Namely, the population sector has to do with the relationships between both economic and
social sector. And the relationships among the three sectors consists of the interdisciplinary
factors.

To put it in the concrete, we try to apply the Systems Dynamics which lately has become
the center of wide interest to the Demographic System Model of Tomakomai city (Hokkaido)
with the large scale Seibu Industrial Zone. Vo summarize our interpretation of the results of
this study.

We can explain as follows:

—On the structural identification of the model—
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1) The model is made up four sectors: population, industrial, capital formation, and fiscal
sector. In addition, the first sector consists of three sub-sector: birth, death. and migration sub-
sector.

2) Exogenous variables (policy variables) are the administrative investment by national and
Hokkaido prefectural government. Accordingly, the main routine of the model begins with the
fiscal sector.

3) We obtained satisfactory fitness between the real value and the value generated by the
model. We used the three tests, namely partial, intrasctoral, and intersectoral tests as a technique
to get the reasonable results.

—QOn the macro movement of population-—

1) As is obvious from the four population indecies, the structure of population will become
older and older. For exsample, IOO (rate of aged population 65 and over to children under 15) has
an increasing tendendy every yvear. In the part it increased from 10.7% (1960) to 18.0% (1975).

2) Though alternative index {the value of children under 15 to adults aged 15-29) is the
minimum of 0.824 in 1970, it will progressively increase.

3) The net migration arising from the location of Seibu Industrial zone is the differential
migration which centers adults aged 15-34. Accordingly, the distortion of population pyramid
appears clearly.



