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Abstract: Introduction of SD to Japan was not so late after Jay W. Forrester, founder of System Dynamics invented this methodology.
Youichi Kodama and other Japanese pioneers translating Forrester’s works almost immediately after publishing in USA. They
promoting SD with series of trainings and seminars that efforts for development of many SD models among large enterprises such as
NTT, Kansai Electric, and local governments including Miyagi Prefecture, Chiba Prefecture, Kanagawa Prefecture, Hyogo Prefecture
and Shiga Prefecture aim to using for formulation of their long term business plans and long term policy developments.
In 1990, Professor Toshiro Shimada suggested to establish JSD: Japan Chapter of System Dynamics Society and this academic
society has been continuing study of SD and SD related issues. In this paper, authors aim to review history of SD in Japan and try to
find the direction based on new approach of SD such as micro-macro linkage community development towards achieving millennium
development goals based on water supply model. Also we try to consider MAS: Multi Agent System link with macro-micro linkage
and study of incorporation of AHP with SD
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AARAD SD OEMDFFIZT 2> TND, BFEAIZEE L, KEO MIT [ZBHRE S IeE &K, SD &
BNRRETFECTHRNIRBIFEAN T RETHLHEBZX, ZO [A XA NI TATAFTIv I A] ZHELZL
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INEROFRIZE o TkA L BRI S Qnole, UhNERIE, T— o7 Zn, [TAT A XA Ty
27 2N [31% 1984 SRR 572 . HATO SD FEEE « WK E R EH kAT T> T D,)
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Tpinotz, 207y IERZREIXBASIC TSDETNADY I 2 b—y a3 U EEBTEX S L 972 TRET-
T3,

KETH YL, SDIXOR O—HiE LCTHY b, £7=. HATO SD#IH OR O—#f & LTiThhi-7z
B, SD R YL, BANLOR O—EE LT Thhiz, &b EEREFA T SD AFZEIL OR F2 TORZED

2



JSD #4435k VAT LKA F 2 v A No.7 2008
—HE LTHY bWz e bHY, HRTHHAARF L —2 a0 X - UHh—FF2OHIL, VAT AL F
AT v 7 ARIEEREDS 1973 HE~1977 A THERL S A, 2 [B1H 13 1988 H-~1991 4EIThERk S 7z, Z OWFFEEE T
SFESFERMESHES AL, F72ZOF | [BIH OWFSEHREOTEEN, HAIZIBIT S SD O K - IS HEET 5
Z Lot BEFO HATO OR F2E, BIIAS IR PN RSN 725 E 2 Rl LT, B
LTI H D SD WFFERC SD FESE « W MmN SR A1 L £ /e o7,

¥ EREIA~D SD O J - FESECIE, AN BAR S (HRHE) 28I SD ORI 2HE
HE L7, BRBAEIR, 1971 2, LSRR T Bzl & LT SD MR R B2 R S8, 3ERRE . AL,
MEET N7, ENICRIT D FERET VEAHE - WHERIZBE L, ZaRIs, A VX AR T L - XA
FIv I A vIFT—%BEL., SD ODEFE~DEREIToT, TOE I FT—IIRELGFET, 19724, 19734+
3 G CRkgE ST, 7eB. T 2 —%, K[E T ID (Industrial Dynamics)?)>5 SD (2 1972 FE0BAFIEH S
NI Z &2, 1R FDPLIFAEHD [VAT A XA T yI TR &8I F—] LHHLILTND, 1973 4F 10
AS 11 B2 CEIESIH 3 BIH O I —0WNEEZ RS &, i, T, 8o 3 oo, 2heh
3 D9 BEOFEFIC /> T D, 2D 3 [EIHO® 2 F—0gkhl & LT, 0RO Tk TR,
INER— BRI AT I« XA F w7 AR, AHIER 9T B BN A E R A, L —w e
THREE=ER, FHEBURSRKAAE S A7 MR, RYOLTZIXZREet v ¥ —Ea, KPR —AAR
TS 27 AAE G, JibL A GBI REE BRI ED 8 AHHY L, Ailllix SD OXEAER DYNAMO O
a5 I N TONT, THNTEEIIZE L LT, BT LSO (R T L, BRI 2l —g .
ETAREPEIENTND, LT, BITIHSHEE L WD Z LT, BFEET /L, R - [HEET L, AR
MHEET LD 3 DDETINEE > TOEEIMTHOINTND, BHE, BEATEIF—LnH e, WERDEFIL
ROV 2 L—1 g VORRICAD D0 E oD M, 2Ot L F—"TIL, Ao C. BIEOIE X 7 L,
SSM (Soft Systems Methodology) Ciga <AL T X 72 & 9 722 A7 IMELIRTOREEIZ/ NN D2 0 KE] 2 T
WHENER END, £ PN FZEORETT L EERfESTNT, BT AEZOE EREITSH
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7V (1974) [10], MEAEA QBIREET /L) (1975) [11]& —HDOZ il T 27 VZE L Tl [T
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DR, ERE 72 EOBIT R ENBOROS BT HT2HIZ SD TT VAR L T D,
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SAMTOIZ, [12] 4ERIEINT 2 BFAEEGC LV 51 & 2 S0 A EEER-CHER T AR, S AFHED
Wb, EHOERGERIK T 2 EDBREIC 72 o> TV e, 22T, ABONTHED AN D B F A GRS AR L, #D
DD AN HF 2 57 L 3, ZONEE A 1B OBREERIZE 5 = & TREMMEASEOHIE 2 M E
SHE D ETREROE IR E L I 2b—ra LEELEEbDTH 7, v 2 b—ra VR BRER
AT X0 ANEIA ST BN, 20 Z LIS X 0 ERIEMEMEE S D L ORI D ANETTO
HEFERHSHE 2 % &) DO ThH-oT, [T L 92 7R IR T HITHIL T T, BiifmsbE AR Ok
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VHEARNYTAEAF I w7 A THARIZ SD #ENEAT - T2 AE B > CREZ 860 QU @peg MY
WSRO DRETH-T-D T, KOFENE S T=0h, SDIST a1ffi 95 = L ITFEE AT 20>
ST Z EEFGHL T D,

WHEE D SDETI/VTIE, £, 192 0 THUINEEDFUICEET 5 AT 204871 BT oins, (14 2
DETVTIL, AR & IRCPEEREES ED L DITHE L, —ivINEEE & K NEEEDFSiRafRs & D &
NEDL> T DEGHT LTS, 772, ZOBFERERD ED L 5 ITIEEEE Y IMEZE T O IMESEBORI T SOk
SNTDNIRIATH D, BPEAIL 1978 FRIT . DHESEDIEIE Y — ANZBET B FHFZE ) [15]% %06 L TV,
1967 4EI2, AT HAIZ SD A0 LT BB RS Z OMENZEE L L Th->TW\W5, ZOHETIE, H
A P EATEAH T, SSEEIC Sy v F T v 7 L COL FTODOMREDD REBOR AR LTV T, BIfET
b ZOFETECRIRETO ETHEI b bbb, < OFVETO SDWFSEH, SD 7 /U1 Tikdoo
TWDERHLTT, ZOMFRIL, BORE & HA LIRAT, SD BT VA fli> THthail T 5 5T BIfE
DOKYEND LT HI5EREN SN L DI T Hid,

Z OB, EFERICH SD #EANHA LI TN T, FURERRRIC R T O R —, Bt
W2k D, VAT LFAF I 7 ALERS AT L) (16103, 1976 FAIRF SN TND, Fio, BRKRFESRO
BAATEIZ L 0 . THARDEROT 7 a7 VOVERRIC BT 2 BERAIIZE] [17]0H T SD &7 AAMEbLIL TS
D, ERRET IV OERFIKEN b YU £ 7270 T2 2 L B R LTy, BT ARV 2 b—3 5 VO
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FHIEE > TWT, BORREZIES L2, BR 2B E TIEESTUORNWE S ITE L B b, A4S
izt ZOHFOSDET/NVE LT, ERERET VEZBFEL D, Jiuk, EAMIZIZAOET VT, SD
DOHATEDE,

KEFPERIERHER L UTIEMT 2008 w1 55 £ B 50, MEBESN TN WO RPEET L L
AU KL D7, KEET—<IZ LTS THBEREFET 1985 4RICHF SN TND, [18]  ZOWFFETIE, BB
BROHTTF R ORTER 2 EDVEZEREOM RN R T TR, SREPER L BB OEOBHR, KPS 2 3R]
L%, a2 l—ra B To TR LTNADT, ELLnEEXITEETTMIIITNEDTH D,

7272, BARTSD X FAIZZ2o72REE R U< LT 1980 HERAL Y- LR, Z 9 W o T2 AT b OEFEC L 5 SD &
TIEEE L BOREHE FKIZZ2 > T T LN HIRE R X 70V, FEEO— N 9 W > T-ATTOBEGRREHI
SOMBMUTZZ ENRH DN, BERENE, 1990 A TIE, BIEET VA>T 2 b— 3 VATV
HEVOTHEL DL, B AEEEDTBORGRANEESZ7%E L. ZEO#Em CWOAARES ) ZME
ERERO TN &) FHEIED > TV, HmANTEIEET VAREL, VI alb—1a U CEEROZR e &
BT 580 ) ZEREESIVTOD DT TRV, 22 W o miiIZBE S A TIE 1 2O2BEHE LT
WONDHET T, V22—t a VRN, BN SIS SN ABORICRE B2 525 2 Lixdh T 0 72 <,
FE D SEEOHEMZ L L TORBRLEA HIC Lo L > TE L O b ERINERN ST Sh b
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6. BAIZEIT HHT BIRHE~D SD A (1:2)

Japanese Local Government Models

and

Locations

Miyag Dynamics Model

Saitama Model

,{ Tokyo Metropolitan Model ‘

Shiga Model

Eyoto Model

Narashino City Population Model

Chiba Prefecture Model |

Hirozhima Model |

p Kanagawa Model |

’ _/
? Hyogo Model

X1 BIBEETINVOXREE RoT- HIGEFEH (Review and validation of early Japanese local government SD models & 1)

1970 FERILHATIL S F X F e HARDHT BTEAEDY SD BT VAR L TV D AN Shd, EEDO— AT,
Z D 1970 FAAZ DB 1980 RN NT TREEE S 4172 SD FNBIRET VD Z & 28I EBdZ) Datizfalo,
1990 AFARAZ T2 o TIREZ o 7o, FORERT, ZILHOFETI/VAMEEE ST 10~20 4235E LT\ zo

Ozaka Model
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T, Val—ya Ak PHIE EEOMEE A, SD IZE 2 THIOZUEERGEEL L O iz, O
FEFUEL 2000 FEDIVT L TATIONIC S AT I« XA Fy L7 AFEDEBSHE CHE L, 7 VOMERRE
BROMEE X 2 b—3 3 U TCOTHREDHER L ZOMEREZOFEMIISHE 19 L VOER = ToF LT
—a VERNTEY . AR TCIIEEMITANE L, Z OFEMIE COERBROHISR 2k~ 5,

F7. WEEET UL AARIBM 037 /UEEA S L CnD, WERITEEEIADHE Y W O BRERTEA .2
TWC, B X —%RoBORET VAN E L LW, BIEOIR EEROBREEE T /VIFZEOEL Y #1A0H
FRF LD SD OIFFEER G oo 7= L 573, BARDBIRERSE LIRS, BEEY 2— /L %2FDH

#1 BIGHET/L (Review and validation of early Japanese local government SD models J ¥)

Name of the models Major simulation results Information Resources
Miyagi Dynamics Model | e  Target years is 2025 (50 years after) o Overview of Miyagi Dynamics Model,

e Population would be grow to 3,578 thousand (1.8 times of manuscript report by Mr. Syoichi Toyohara,
present population) Planning Department of Miyagi Prefecture, June

e Aged person over 65 years would be 15% of the total 1977
population (3.6 times) o Challenge with System Model to Socio-economic

e Houschold would be increased to 1,181 thousands (2.2 Environmental Dynamics: Development of
times) Miyagi Prefecture Long-term Total Planning

e GNP would be 10 trillion Yen (8.2 times) and agriculture Model, by T. Matuzaki et al,

sector would be reduced from 11% to 3%, industry sector
would be grow from 26% to 30% and service sector would
be grow from 63% to 67% in target year

e GNP per capita would be growing from 630 thousand Yen to
2.9 million Yen.

o They expect very optimistic view on environmental issues
and NOx of air pollution would be reduced to 30% (8
thousand tons per year) and BOD of water pollution would
be reduced to 40% (9 thousand tons per year)

e Electric consumption would be increased to 27.3 billion
KWH/year (6.1 times)

Chiba Prefecture Model e Target year is 1999 (21 years after) e Chiba Prefecture Vision of 21% Century,

e Population would be increase from present 4.6 million to 6.6 February 1980
Million. o Development Study of Chiba Prefecture System

e Aged person over 65 years old would be increased from Dynamics Model, by Japan Long Term Credit
present 6% to 14% of total population. Bank, March 1978

e GNP would be increased from present 4.6 trillion Yen to 18.3
trillion Yen.

e Service sector would be rapidly increase from present 51%
to 60%.

e GNP per capita would also present 1.1 million Yen to 2.7
million Yen

o They rather have pessimistic environmental issues and NOx
of air pollution would be increased to 1.89 times and BOD of
water pollution would be increased to 1.15 times worse. Also
worried about solid waste material

Narashino-shi Population | e  Only forecast population of Narashino City. » APopulation Forecast of Narashino-shi by the
Model o Target yearis 2000. Method of System Dynamics, by Toshiyuki
e The population would be increase from 135 thousand in Horiuchi, et al. Report of Chiba Institutes of
1985 to 145 thousand in 2000. Technology, No.27, 1982
Saitama Model e Aimto check and validate effectiveness and reliability of SD | e Study on Urban Area Government Planning
modeling. Support System, Japan Operation Research
o Targetyearis 1972. Society, March 1975

e Calculate during 1965 to 1972 on public sector capital stock,
population, industry output, air pollution, traffic and find that
the difference is within 10% compare with real statistic
figures.

e However, we could not find out that this model use for
planning process of Saitama Prefecture .

Tokyo Metropolitan e Target year is 2005. e Study on Population dynamics in Tokyo
Model e Population of Tokyo metropolitan area would be increase Metropolitan Area, manuscript draft of Dr.
rapidly. Masahige Tuji, for Japan Industrial Engineering
e Shortage of water resources in Tokyo metropolitan area Society, Fall 1976
obstacle economy growth. o Study on Water Resources in Tokyo Metropolitan

Area, manuscript draft of Dr. Masahige Tuji, for
Japan Industrial Engineering Society, Spring
1977
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Name of the models Major simulation results Information Resources

Kanagawa Model Expand double of old aged population (over 65) in the 21% ¢ Nagakiyo Takahashi and Nagashige Shinozaki
century “Control and Disclosure of Local Government
Increase nitro-oxide (NOx) and other pollution rapidly to be Information”, Jichitai No Keiei To Koritsu, I:
double of present state Keiei to Gyouzaisei Unei (Management and
Decrease the green area percentage of urban area drop down |  Efficiency of Local Government, I: Management
to half of present state and Opetation, ed. Makoto Ta.kahahi),
Become secure to keep water resources and only 70% of the Gakuyoshobo, Tokyo 1982, p131-147
demand could fulfill
Industrial structure change rapidly shift to leaded by the
service sector

Shiga System Dynamics Target year is 2000. ¢ Regional Prediction using System Dynamics, by

Population grew to 1.6 million but not so rapidly increase the
old age percentage

Decrease 10,000 ha agriculture land

Industry and service sector increase rapidly

GDP would be 5.8 times and GDP per capita would be 3.2
times of present status

Water pollution could be reduce 30% at 1990 but again
increase and almost same level in target year

They have pessimistic opinion on air pollution and solid
waste problem

Also they have pessimistic opinion on local government
financial issues.

Yoshio Morita and Sadaichi Okada, Nihon
Denki Giho No.120/1977

KLUD: Kyoto area Land
Use Model

Target year is 1995.

Land use could be rapidly change and face to over
population and rapidly decrease of green area.

They recommend to government organizational reform for
abolish sectionalism to accomplish much effective city
planning and urban re-development.

o KLUD I: Development of KLUD: Kyoto area
Land Use Model, 1974, City Planning
Development, Kyoto City

o KLUD II: Kyoto City structure shift from 971 to
1995, 1975, 1b

o Appendix of KLUD No.1: KLUD dynamic
model equation, 1976, b

Osaka Model Target year is 2000 o Dynamics Model for Urban Environment,
They have very pessimistic future Resources and Economic Growth |, by Isao
Environment protection could be progress with effective Maniwa, Ohtemon Economic Study Report,
energy consumption policy and improve efficiency and July 1974
productivity. ¢ Dynamics Model for Urban Environment,
However, social development oriented policy and low Resources and Economic Growth 1, by Isao
pollution policy may face up with difficulty to keep balance Maniwa, Ohtemon Economic Study Report,
with high economic growth 1976

Hyogo Dynamics Model Target year is 2020. e Long-term Prospecting about Population,
Population would be increase from present 4.8 million to 6.3 Pollution, Resources and Industry of Hyogo
million in 2010 but decrease after that. But urban area Prefecture, manuscript report of Planning
population increase from present 3.7 million to 4.2 million in Department, Hyogo Prefecture, October 1973
1995 but decrease after that.
Aged population over 65 years old could be increase from
present 6% to 20% in 2010 in urban area. 20% in 1995 and
26% in 2020 in the prefecture level.
Moving population to other prefectures and urban areas
would be increase rapidly than coming from.
Aged mortuary rate is higher than infant mortuary rate.
They recommend to prevent good socio-economic welfare
for aged people.
They also recommend protecting to change into slum in
urban area for urban re-development with deeply concerned
environment protection.
Water resources would be shortage and recommend of
recycling sewerage water.

Hiroshima City Model Target year is 1990. o A Dynamics Model to Analyze the Repercussions

Life style oriented public infrastructure investment policy
cause the overpopulation and this may cause 11% increase of
air pollution, heavy water pollution and traffic jam.

Industry development oriented public policy cause over
population and heavy air and water pollution.

People may rather choose public transportation with suitable
policy on transportation sector.

of Urban Policies, by Hiroyuki Kitajima and
Ryoichi Sasaki, manuscript report at July 1980.
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TBIRET VAR L QD 7272, SR LI, BT /UEEMARN SD E7 /1 Tid/el . —# SD LIS k%
o T, FERITET /U, QBT /LT, AT, VIREAGRF &V S EEE L | Y RIC L 20w

VD IBEZ I Z TT, OETIEAZERAT L7203 D AR A RR T D BUR AR 5 12 OIZE T /UM Tt
72 ZOSD ETABPRIIAARL= Ry I BNIRE T TCND, HAZ= Xy 7 ZHFITEHEIC, a2 Ea—
B LREREOTE] Lt a T AR EE L, 1975 I, &FH—K, ZOFFAD I LD TEs - HE
T BT AR BISE X, VAT L B ATy ST AR AR 2 BB L TV, [20] F7-. BEET
JUE, HAS OR 273, SD O A e 5 Z L A EHI E L TRER S L3 HET AV EEE L T D,
ZOFEMIL bit & O MERIHEI S D LT, OR FESERHIATHEER SN TS, ZDLHIT, EThdbK
AT TEE LT LW ETANE L BIRERIA CTHEE LT L0 ) r— R0 7o Lo U,

FEHO—NE. 2D 1970 FD 5 1980 FARUTT TREE S IVT- 2D BIRIRET L OFERIRCE D% DI 72
EZHY T2 E R, STGERI9)OIFFEOBAZ, IIEMETR & FZERIRE 2 b O% BIRIRIZES Lzos, o
BB L e IRFELL B L AR,

IETEXERIZBY BNHY . TTNVOFEFREE2HMD Z EMTE o2 b DB HAHD T, IEMER 5Tl
RO, TNUBHER SN OFTERIRET UL, #iYe SD E7 /LTl HERFET AR E LD T
Uy ROETNVTHDLHONREN-T, BIZIXEWET LV THLIN, NOEY 22— /L ERREFEY 2—/LDOKRE<
2 ODEFEYV 2B NAEY 22— WIS TRIO NDET NV THDHN, BAET /UIGHERFETET LT
SD ET/VTIERVY, 10 FFEDOT I 2 b— 3 U Pl E EREOEE A THRD & FEOANMTRTEMIZS
2 b=y a U fHEASTWDDN, GNP 2 Y BEDOTAIIRAID 3 FME TIHFTE > TODN, TORITRE
ESTWS, (F£2)

% 2 Miyagi Dynamics Model and Statistical Data (Review and validation of early Japanese local government SD models X )

Simulation Standard Simulation Case Statistics
Population (thousand) 2,783 2,786 2,338%1)
Population age 0-14 21.9% 21.9% 16.5%
Population age 15-64 67.2% 67.2% 68.5%
Population age 65- 10.9% 10.9% 15.1%
Household (thousand) 876 876 787*2)
Population Density*3) 381.7 3822 321
Labor population *4) 1,285 1,287 1,164
Agriculture 10.9% 10.8% 82%
Industry 29.6% 29.8% 27.5%
Services 59.5% 59.4% 63.9%
GNP (100 million Yen) 42,446 42434 64,000%5)
Agriculture 2,025 2,021 2,699
Industry 13,420 13,446 36,923
Services 27,000 26,968 26,815*5)
*1) population in 1996
*2) household in 1997

*3) person per square kilometers
*4) thousand
*5) GNP in 1994

*) GNP of simulation use price index in 1970
*) Standard case consider the limitation of green area and try to keep more than 75% but CASE I do not consider any conditionality of green rate.
*) Consumer index price in 1975 is 55.3 as 100.0 in 1997 seem to almost double.

7P, WSHBERIL, ZOBREET L E LT, B, HER, TR, MRIRO3 R IFNCEZ15E
HEET N AR L QT FEEDO— ADZF D%, STELLA I[ZE &z T\ 5, [21]. [22]

HAST 1970 4405 1980 A RICRAA DT, ¥EET L, ERET L, £ L THIBERET /MBI L TOME
HRELE2—LTORMTHLN, FLIANE I RFELND Z LT SDITRPDE, WANWAEHT L TE
F IR AT 128 TE < FHl T 2205, BF /UMESS I Com X —RNRE VWO HIBRARDR, bHA
fos MEFOHEEL LT, VR 2 b—3 g VAT DI IR EFRSE A R ) LA S5 2157:<
FIFARAIEE <, £72, DYNAMO O a3 F—% 2 - EF# L V< SDET VAV I 2 b—1 g U T
DT> Te DT, jE LWSEFEIINCAT TR 2 2 13K 0m TlEd 203, BT 2o Tia23 2%
DLV BRI B FE D B TR D> TN 2O IR AT 5, £70, BPFEIL SD IR L TEED L 9 72
HLOEVT LHEF> TV X D IR T B2V, 20728, BIENRWEEEY 2—Md, B H 558
HET NV TEEHZTD LTS, HDOWIE R HE LIS W EET S & T DYNAMO Tl
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APL 72 EORIDEFECTEY 2— DT a7 T I 75 {T>TNT, SD ET/LEDNATY » R« ET7/L, BEE
FHULSD b EETIEH D SD TN LIS ZRWET NS, (FE3)  Zo—KHELT, BATIIIND
OETABPEICE L, BEFEY 2 —UMIRROREORPAZITE D LV o T ETED TV 72D T, M3
% SDITIE RO FTREM: A U U< SD D Z & A EARINAFTE L L 5 & 5 2 TN TefRE DRFNZ 72 83,
FHENTZOT, LT RO D3 ERBETT NV TREB LI WO FHIFE L H D & B d, Bk 8 Ci,
BREDRFHZEC7auy SD WFEE DS, fBAITGH L E 9 L LT, BEFEFOen 5 SD - TRIEET Vet
LTV, 29 L7 SD EMZEMN, SASAETT L, BUTBERADE LALZ KDV oD 52 &7
<. THEHUE SD TR AATH L\ 500 & HARTIIEHUR L7z K 91Tk U bis,
MK T, SD ME D% BIEFHIZ A 0EFUE K AT TND Z & LS 7o HADY 1970 FA 25 1980
FRAPECT T—RED SD 7 — A5 XN G, ZD%, 7 —MFJSHEL, BHEGXT L HFRIT/2 > TV
WREEEAD & AARTIIELO EZICRERSH D & 2 TOETUWTZDONEROBRGER LI TH D,

7.JSD B&SE

AARARL—2 g X s Uh—F RO, VAT L A F 3 v 7 AWFFERED 1973 H~1977 FTHERR
S, 2 [A1H 1T 1988 ~1991 I THERR ST, ZD%, ZOWFEIREZ AL LT, #EHZEEROIE T, 1990
RIZV AT I e AT w7 AEEISD)D BASGINHEE Uiz, 1995 TR TU AT A« X4 T v I 7 AH
PRk a Bl L, 2000 FRE CIUETEH . FiEOMINE TGS 2 S B2 T, SD iffZessEk & [ERE
HI7LAFSEAR I 2 e T TN D, EDRNAAZLEE THEFES IV TRV, T OFIEOEE, =a—ALH
—DIETHEHASBICET 2LV 2L biToTnD, £, EHEMIIZED L 5 M7 TED L 9 7
T ENFEEIZIR S TND DD E o T ROFSEIOWSUIR L T, ERSHITEmrcSimL, IUE L7
WA TISD 2RI TV D, ZOMEEN, BIE S BHERFORMEEIIZ L > TS T2 miEm < FF
issd, ZDX 972358 & OFET SD (ZBHET DIEIA VY B OMTEE DM X 2T —~ & FFb %> T —
TTHHSB, HBERT 4 A0y a VMRS D BB OEIEIEH I IR L T D,

SR OEEEIZ LU, SD OENa—F—3Z WD L Thb, (14 EEORERTYH. STELLA
EWA L, 77747 & LTES TODIIFEEOIITTIEZS <. 2 9 W o TaiigE i Htoif st 4
(RS CHFEIT A 359 % & . STELLA @ Y 7 "3 AS TR0 E7e Elci#k> T a0% L < HIZT 5, B
2— =M E OFHIAEST —~52HF L TND Z LT HIB 265D T, Zon-okBEha——%9F
HIRL. AP THIEREEIT) ZENTEXHELINVERSTND,

JSD #SLD B, SD AfZEAARtEd 2 Z & L 721 TldZel . BADF Y a b - £F VAT 52 L ThHho
oo HARODFV ad w7 0E LT, 1996 FHZ, /IMTHTERRIFEBEZS, MEVEAMGHIERICH -T2
22 %Adi 5 C STELLA IRODEAMIDET VAR LT, EEEOBERCEEEITER 2 GE T2 PRI T S,
FRUHHIERBI C 8% KT D728, SD ARRED 7 + L AKX —%, NS, A LV FAR) T IV« A F 3
JAELTHREL~NL, HENNEI 1 - LSV DOETIETFEEMSL L, IRICT =R« XA F I w7 AL L
THIBKRL~LD, HHWNTER « =7 ol L L TOET UL FEEHELLTZ, £ LT, EFRL~NVLOET
JULTFEZTS>HEL T, V=V R A F v I 7 2L LTHERL LD~ 7 1 « LYLOET LA 5ERR S E
7o WX, L5, FRLDTFT S aF b « LALOETANRITE D TNDZ LT b, ZOZux 71
AZ—BHHN—FLUICLTNT, [REDRR ORI o72U—L R« A F v I 7 AN —H5ERE DL Lk
TN aFi s XA F v I 7 AOWGUTEIA LM, 1913 FICY oA « 7H LVAX—DRA-OF—Hr -7
# L A% —(Nathan, B. Forrester)SEFARFHBED T A 79 A )V « BT NVEFEEL L THERLIZBOD, ZhLL
AMTIIRIETESERITE L F 0T TT 4+ LAX —AH PRI, D1 OWE DL, 5 2
fRE ISD ZETH o T-RILZBRAEHEZDNANAFA S I, ISD O AFISTRESNTETZ, HART, 741
AH—E D BTV a T BT DB SN ITE S TOWZ ED L DI big, 7272, a7/ Z &1,
ZOHRERDTF v a I BT IUIHEVIEHEIND Z LR BIHEIZE ST,

7235, 2000 FLAFED JSD £5K1E, 2000 -4 H~2004 4F-3 A : /MK, 2004 4F 4 H~2010 423 A : FrHEE
Lo TWA,

8. VAT A« HAF I v I ADIHEDIE
1960 AT, 74 LVAX—IZ Lo CARRENTZSD THHA, TNFETK 3 BIOKRE BB AR LR TE
7=k oiBbng, FTROOEEL, /XY a0 &z, 1980 BT/ >TY v FE2 R EN/Y
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ay BT T 7y 7 IEMECE D SD Y — AR L, Z07=d, SDET U VT OFENRKE L Ebo T 5D,

SD TV IEiEE LT, TN — - U oFE FH STELLA ZBFE L. FD1%. Powersim <° Vensim 73

B Llc, T Z 0 3 SORFENL SD £7 U v 7 SRBIC HAGHUHSREMIIN S 4L, BAGEIC L 28TV 7
RV 2 b—va UHAERRIZR STV,

AAMEA O SD E7 U 7SRO TIL, /Y a B Kk L3R, 1990 FRABHIZ SD DET UV EfECh
% DYNAMO % /XY 2y ETENES L HIZ L&D ET 2B T, FIRKZFED/INRF T BASIC (&
a3 U 7 UTEATTE D5 DYNAMOPIT #B#% L, 0%, EXCEL ECBEhT % X 9 (THEREA 22 C
Wb, £z, EFELOIENZL D SImMTaKN & 277 7 ¢ 7 72 ST/SD > —/L & LTI Si, AHP 72 EOREE
FHAHAD 5 LERHRISNTND,

Ny ay ETEET S SDET Y Y - L oBIL, FETO SD TV U ORI b EEE BT
5L, BUREEZEDTT A ATy v a v EITWVWENRLET I 7 eI alb—ra VBT, 20V Ial—v
I UFEREL LIZEBICT A AN a v EEDTN WD, T—T - 5TV I TENNL LT-, 7.
TIULDORIR T DREEZ E DR D8 BIEOFRATFEIZBE L, SSM (Soft Systems Methodology)<> ST
(Systems Thinking) & N> 72 FHER 155 AL S 4172,

2ERHDOEET, DPET =Ry« BAF I T A, U—)L R« 7L EHEHEZ 70— VbS8 TE T2
SD THHH, LB H ORCIRTENR L OZRV D K 91287 2 &5 T, A A OFE
TN 2~ T2 LU T D, £, BESBITEANR SV TWD A, LR/ 8% SD €5 U 7T
B, KOS 0L 0K AL 2B A V=X LD L H 7 bDEBEZ HND XK HIT/keoT,

ZLTHEIEFEHOEETHDIN, ELEOMGE LT, IBFO SDFEOERIX, I/ -~rnm - Vo r—Y
MR, B AUWNIREE & DEEFOT M H D L HITE TS, 2 7a w71« U r—EE <D
SD THY FIF BN TWVARIET, S 270X A FIRANR 7 aDEAFIRALEER L, <7 O
S OFEN L RIFTZ LT ENLmON TV, IRk w s s E a8 s T2 —/LTO
RWEETIVTCREIT 5 LWV D ZEMMTOITWER, it~ r & I 7 aOBRN L 50 TURNT &7
Enn, H9FEVITRWEENH T, TR, L TF e =V h VAT LAENWS HEDT—T 2 R D
RV aOFEERNEELS SV nOBIRE KRBT D L0 FEMELLOOHY, Zo~vru I a s Y —
VITENBIEL D L LTS, ZOFHETHIUL, EHER TH LI TV DAPERHE CAllfk b E 0BG U
I ELHHATE DDV EER SN TS,

9. S1&DHFFRD IR

JSD TlE72< . SD #2013 2007 FRITFRAL 50 JAFEA A -, Zhaita L, 5% D SD O 50 Fh 52525 L
rTuY =y MHPSLH ERY | BUERZLOEEETEH A L 3= L 7o TNDL DT, A% SD HFgED abEEEe
LAEIBEGRICGESTH B I DONRA N THD EBHIN, FELRVIIEZTQNDH I L EIRRD,

HeD X O 7R R A E 2 T, SD SN2 LD FERMREERNC L HIR A LENRH S L ) ITBEbh A,
K% 73 SD DIEFENHHIN, T ZTESD OREHRTFA R THLMY Y R~ D [VAT L« ZAF w7
Ao =N 28I LD VAT L - ZAFI v 7 AE, HAIEFHLE I WS DHEDT 41— Ky 7 - b—7F
MBI D Y AT KOS L BN OV TEARIZIV T D bDOTHD, | LW EREBZ THD, SD TH-T
Wb 74— KNy 7 « b—T1% PC CTOEBRFRZRET 2 7o DIZHRRGRE AT O Z L2 X > TlRY i T,
ZORITOWTIE, SD AT L7z CTF 2 TN RO A L DA E RES B D Th D,
Fo. VAT LAOREE L FENAIRET D ITECOW T, BN OWT SD Tl #EtAOME Tl <,
RIERBHRICE S 2B TS, ZDOZ Lldk% 72 ST/SD ORI H %< b b TWAH LB THhd, £7-.
RIRBHRIZOWTIR, BHAESR B.U 4 VY U B TEZTHRLEE] 2411286 CO B HEEIIIRIERBIR ) S
OWERRY - HEERIIIRIFEIR, & L COMARMRN « VAT LFaIKEREIRD 3 DI L CGER S TERY
CHERDIFERE & U CHIBRRY \, EH OBYR CIIARERIIAEOE 22—V 27 1 v 7 2 L) BifibRoA
WAL DOFBIMEREIZ L > T D, ZOZ EEHEHITET U 7L v 2 b—y 3 VO FERINENIZ OV T, N
N3— bk /KG haA F =2 53K 2 O X HITERRIZEBIL TS [25] ARRICBWChfEtT—4# 03 %y b ET
RERINCH AT CE D LIRS TETND I ET, ENLDT —F_R—RAEER LIZET Y 7 &40 L
TWDN, FFHOET U > 7 ORI 2 8% L T, SD & DEWEZIe<HfEL b H) & H—omDH
HChD, AEITIE, FEHIET Y 71N SD &3S 2 L—3 g ATV SD DRESEDRAZHENT 5,

Fo. FNNA= R OITHERRCRBIT DY 2 2 L— g DT P a—F OIS ZOWT b TR0 %K
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D SD IZXF LT, Feskiffs, 7—28 R, 'L - A— b~ b, ATHRE=~/LFT—T = FORFIER L
TETCWAEFEHONIL TS, ZOLI Ry I 2l — g OEE KEZ2 T, SD ¢~ Fo—T <

N AR LT BT U DN T O RREMZ IR TAIV, ARCIE, HsERBSIMN L =S OMSET U 7
RSTIZOWTHE D S TR, STIZOWTIE, SDBFAE LT ST &R AT LfanbIE LT
AT LEE ] OA =0 [UA =T DV AT LEE]) 26110V T HIENEHGLNC LR S, &
Zy— )b L COREORFEMNEAZ AT TN 2 EBMETHA 9,

728, SD & SDLUSDOET Y 7R 2 b—a VORFICOWTR, FofDY I 2 L—& « VT RO
(Zi%, ST/SD M BAMEHEECHGA TR L 5T Y 7 (FEEIEHT) OR D7=8HD PERT X° AHP 72 £ %7
LCHDZLENTEDLLOHHTETWAEDT, ZNHDET/LOENZARBRENCHIEL TH 5 H 2 LANATHEIC
205285, SD VT MIEB~vNF o=V bV I ab—Tar (MAS) b—HD Y 7 FTIEAMREE 72
STHY, MAS ZHD A7z SD O I KED SD Fa5m L THHE SN ->OH D,

EFIL I—b'\a)‘_%&ﬁ FRSNI=T—4 EFIL et~ oy i
#FEHIZE DL
HEAXDEFEY
HZRIE R HZRIE R

HamToex —L R g et —a amTaex — L CFE o) e et —a

FHiEELTOHFETETI T DRI (Gilbert 1993K&UY) FHiEELTHDIUZaL—a>nDmE
K2 HEELTOHERET I VT ey Ial—a v OREDENY (N, $A3—F/C. G. buAfF=, 2003251551 H)

9.1. FEHIET U > 71T SD DOFEERATEA

PLED X 9572 STISD ZHL Y &< k& il A aHIC, 2 2 Cld, BRAED THREATHE 23 5 B M4 S
1981 52 DYNAMO CYERRSNT=EERBET M2 %7 T 7 4 v Z7HRED SD ¥ 7 b (Stella, PowerSim) Ci& &
Pz I EER_—RIZ, ZOH%ROMIE SD &7 /VOZSE L A% O TEEIZ DWW TIRARTAHIZV, [21]0 [22]

BEEET LD X 5 efilsie T 3y b SD VT ORI E - T, P LE SD OFHFETIEARL T
HET LD FREIZ /R 72 2 SIT L0 IV THak~ 7238 % BRI ECHERN 7 N —T TET IV EE
B U THER L TS B —T" « BT U U T ORADEMINTE NS, ZOXH R coSDE LY
RANCT B 720DI2, v b EOHIRET — 2 _— 2 Z2HHT 5 50, 1k LIsfilT=r v ov I 21—y
3 AR AE L RIS I RTREIC 972 2 &3, A% ok SD T L OW K O—FRIZ/eH b D EZ X HD,

FEEHEO—NT TS LR HOHBIN ARSI 05 85 7250 ? | &) flHZRE 2 _— 22, BT
D BiEHHE S DET /L & REBHE S DETF /U OWTORIEAZTT> TWVD, LLTIE, 2007 4E 11 A 24 HIZHTED
THfEEITZ ] SDHIGIIARIZEBWTRE LINEZ S L IDE - BIET Y v 7% LI DO TH D,

M« NGO « eS0T —27 v g v FFEL LTOS T,/ SDITRO SN AT, OFHRE i - fiiH
L0, OEMEN: : BAT-HTHENT, ¥ I2l—3 g TE560, @FEMME  (HAR LWL O
BIETIUCTE D HD, @HFM: : TOMEEZBINMEOR THATEX 5 b0, G « — D A2IZH R CHE
fELTCHHADHHD, RERHIT LD,

J—52ayF(WS)IZEITS HET AT
ST/ SDFEDHMEAIE
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3 BHEMIRET ) > 72T BERHIE L 224t RF—E [IX LD TOHEEBEZFRIRE] p.30[28]HH1ERR)
ZDLX D REOFTERESNAET AN, TF/LE LTOIEHEAATHI-DOITIE. 3 DX 5 2kERdiEs
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BN, #BTD BIEAIKS DET L EZHH L, TO% TRERHES DET /N EIAT 5, #mofil L,
ETNARHERIZOWTIHP 2 HETH 7 r— RTELHDT, REAKL TND5HE T THE T,
ETNAOATIITMHEO HP T HIET V| &) U 7 2ER L TW5, [29], [30] (22 CHRAMTHET
VTR EOFENIB1]. [32). [33]CTdD,) HlEHtatT —2 OATFIIL, #atT—4 « iR—H WA F34|DOHICH
DRESIT ORI FER T —# _N—A MR —4 . a32=7 1 « 707 4+ —/L Navi] [35]&1EHT %,
FIHATRE 7 — 21X, HRENFIR B —2 K710 BHE 57 —% £9 620 THH, filXETH B —% #9100
HE T —% 40 THE TH D, ZOREITD BATEHAT 2HE S DET/VOERIEL. SimTaKN OF —
HANIHEREZ IV T D, [36] (BT VOMERRTIEIX37]. BEAT 2SI /ERR L 7= ke 7 V5 3[38] %
S 728, FEtT— 2 ZFH LT SD ET/V0O/RT A =X A HEET DR T 588 LT, AT LOME
RED—NTHDHY a—7 ' « T8 —NLOffhn) BICEIUE [V AT L« AT v 7 ZATE, VAT L0
EERET DIEFHRE, T A—FZOELY GBI HEGTHD) ZEN-EERE L ThIT B,
IO XU THIRET VARG — 2 &2 6 SIE LT, ZOETANKEE-TED X 5 2efriE-SiF
(272 D7 R 2 & 1%, HRoOIRREZ S43Hg = 1 CHIEr 2 0Tl < 2EReE 2> 6 iz F
BT ZEIZHRDHDT, —DDBELRLEDOEEZOND, ZOLIBRBELRHIETNVESHEET L (L7
7 LA E/TIV) LIRS, TOMERITEIINANA LB DN, 22Tl DY REN A ThiuE, Eo
KO IRRABIC 2 D73 LW OBLEND, AARSEOREEERR L ERBSIR AT Lo~ 7 m 27 V2R L
7o, PEEHPBIFE 1990-95-2000 O 10 RHEFEERDVFEICEN LU TR Lz, BAEMIZIE, ~7 effFeET v
(Y=CHHGHE-M) &5 —IKPEFENOH = IREEE COFMBAZ MR LTZET /M LT, BT /VOFEIEL, X4
\ORTERBYTHD, IDIT, FBRLEBRET/UIKL KETEH-08MET 5, FEROBIESTIULD
S LI THZ EITAETH HMBURTIX 754 K TH Y fHH Y 7 b SimTaKN TOFHHERHIFHI 10 TH 5,
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