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PC ETH#T 2D T, ZO/WMEAEDL DX, Dk, EXCEL O~ 7 2 TEI< D45
RENTWET,

7272, DYNAMO (t, XK TIT 774 v 7 « A0 F—T = ZAFRTIERL ., D
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The Eighteenth International Conference of the System Dynamics Society Bergen, Norway: Sustainability in the Third Millennium

Japanese Local Government Models

and

Locations

Miyagi Dynamics Model
Saitama Model

,1 Tokyo Metropolitan Model |

Narashino City Population Model |

Chiba Prefecture Model

Kanagawa Model

Osaka Model
Hyogo Model

1970 4% ~1980
LORHY FT,
<EIRIR (1977 &)

Review and validation of Early Japanese Local Government SD Models
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FERAPEITT TTTON 2 AARDOHS BIBEDET /WZIZLELTO L 5 72
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- THER (1980 £, A ARG HHET)
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- e (1995 4R, A RSeA)

WHF DB 2 J7 RO, MBEICH T DX T OKIFKIND 5D T, L=ngnwz & T
TR, FB—WEEZFLETHR (BHEZRLE) 13, AOREd., mEsbic X2 ik s o
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i< Z LICBELRH Y, MEELTDRRY TIE. WAARBREZ Y IO BRI E S 2
5 E VIO WVBORBEENCIZH EVIFHIN TV WL 5 REIRER> TWET,

T AT EAERHIE SD ET A TIEARL HEREETLEDONAT U v K ET IV
ThHHRGBUEDN O R THICE X E9,%57.SD 50T 2R FFEDITE AL EWV L,
SD DRRFEET NDOZ ENEL bR, ZOWMSITHEREET LV TEoTLESTD
PrEbNET, TOD, BREMEL D L. AO7RED SD £F7 /L CTHE Lz FRIMEIX
FEALEGSTNDHDIZ, BEOTFIEIIRE <ES>TWET,

Bl 2T EWIRE TV CT M, FHERIL 1975 2T 50 FFfE v I = b—ra VHEL T
F9, T 2T, 20 FEHD 1995 FEDFERNE & Helk L CTA -, #£2-1 T, ARIZIFES
STWETRNIREMAERE R EREBEBROM T EMEIIRE < ESTWVET, A0 EDE
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FHA, TOETIUEEDTDIZ, THENRKESESTEELOEEILNET,

3% 2 Miyagi Dynamics Model and Statistical Data (Review and validation of early Japanese local government SD models £ V)

Stand: imulation Case [ Statistics
Population (thousand) 2783 2.786 2338*1)
Population age 0-14 219% 219% 165%
Population age 1564 672% 672% 685%
Population age 65- 109% 109% 151%
Household (thousand) 376 376 787%2)
Population Density*3) 3817 3822 31
Labor population *4) 1285 1287 1164
Agriculture 109% 108% 82%
Industry 296% 298% 275%
Services 595% 594% 639%
GNP (100 million Yen) 2446 243 64.000*5)
Agriculture 2,025 2021 269
Industry 13420 13446 36923
Services 27.000 26968 26815%5)

*1) population m 1996

*2) household mn 1997

*3) person per square kilometers

*4) thousand

*5) GNPin 1994

*) GNP of sinmmlation use price index i 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 pnice m 1975 1s 55.3 as 100.0 in 1997 seem to almost double.

F2-1 : BWIRET O TR & SHRE O Mgk
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IIEE A EEA LN EBIEFITERSTT, 1999 Fl2, oo, AIBERETVICLD T
BIE & SFERUE O Ll % & T T MRAEE 1T - 12BRIC, D%, SD BT /L03% L= BIAK
TEDOLIIHEOLNTNDINENI T U r—FREEZERLE LR, COBREERILYL
HEEH b2 FEHATLE,
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‘Wonderland Model by Warren C. Sanderson et al.
From Alexandra Milik et al., "Slow-fast Dynamics in Wonderland," Environmental Modeling and Assessment 1 (1996) 3-17

Replicated in Vensim by Tom Fiddaman, Ventana Systems, tom@ Vensim.com
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Derivation of the Doubling Time for a First Order, Linear, Positive Feedback Loop System
The doubling time for a first order, linear, positive feehack loop system is
calculated using Equation 1. If the doubling time, Ty, is defined to be the time it
takes to douhle the initial value of a stock, then:

2#Stockn = Stocko * 7" T

Since the system’s time constant, Te, is 1/Coef, then the system’s Coef = 1/Te.
Thus:

2 * Stocko = Stocko * e /T ™
Dividing both sides by Stocko yields:
2=e

Taking the natural logarithm of both sides yields:
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Thus, the doubling time of a first order, linear, positive feeback loop system is
seventy percent of its time constant.
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Derivation of the Half Life for a First Order, Linear, Negative Feedback Loop
System

The half life of a first order, linear, negative feeback loop system is calculated
using Equation 2 of Goal Seeking Behavior. If the half life, Th, is defined to be the

time it takes to cut the initial value of a stock in half, then: o - = -

APy TR D LD T
1/2 # Stocko = Stocko * &7/0=f* Tr &, AR s
Since the system’s time constant, Te, is 1/Coef, then the system’s Coef = 1/Te.
Thus:
1/2 * Stocko = Stocko* 72" T :hgi\ :5%%@'@:60
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Taking the natural logarithm of both sides vields:
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Thus, the half life of a first order, linear, negative feeback loop system is seventy
percent of its time constant.
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IRLTEH N —T CTHLIROE LD 70—, ROFEKENIA Ny 7 &2 LTHELT
wi? HORY O —7 Tk, HAEREZ —TELE LT, ZOHEROEE TROKIX

W2 CWEET, ROEMIEL, B —7T, B2 D EHEHE L, RaRd S8
LHE0IBE, FOENERIZRD, LI ET IR R E T kT £, ﬁ
DON—TN, BRENFETHZONDEREENS EFHHEMERD D H DT, Iﬁ%
(R N %@Etﬁﬁiii5ﬁﬁofwifo;@b<ﬁ# Y —7 )/7
THZ LT, WL —7 % LET L. 2K —7 @ofwi?

77 7 TN > TLEWE LD, ROZOFALTHEML, 20 FEY Y TF
D DI DI — T TOROIENE LD & Thad, 25 FFH ClANBE L, =
LA EDOGOREMMNEWIEE Y £, 2%V, [HoHKomhn X, FE 25 Te—2727k
V. ZORERT, HL— 70— I ERNEI ) B o TnET,

SRORDOYAT AT
TG DB DRIN 2N
EBER TS AT
/ S~ G DRDEEIN:
BEREE FEAFE— FE T
; < ZOTROKOEM I,
Selected Variables -ﬁg)%g)y;{:ﬁL\é‘u‘ji{—? - o Selected Variables Hv‘an’jZS'C"EcV’/QZf;V)\
MMELTEb o, w0 5 5 A 0% WY T D, 2
-WEH30C, RO ETE / ORFUT, HisaL—7
AL, ZOBREET B0y / DI — T |2 i
5 20 20 & / AEYEDS.

«««««

2 40 50
0 10 20 30 40 S0 6 70 & 90 100 Time (Year)
Time (Year) ﬁwmgn Currentgf —————————— Drmd

ROFEM: Current Ko C

RO Current

X 5-22 : BDOET I ;5mﬁﬁﬁé%®%$fﬁ BZAUN

DO EE K52 EDOFET T F%®&@¢MH@W¢%@¢MT%TA£L;%
E7 UK 5-22 OAAIZR LT \ifh LOEOEEINZ
L OO HEIN=FEA 55— FE 14K
THELTWET,

H TR, BOBOBEMMBKRE 25 TE— 27220 ZOH%BD L TWV5DHZ &8, K122
EHETFOT7Z 706 R TERILET,

X 5-22 EDETFTNLOER L. LLTFO@Y T3,
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(OHFINAL TIME =100

Units: Year

The final time for the simulation.
(02)INITIALTIME =0

Units: Year

The initial time for the simulation.
(03)SAVEPER = TIME STEP

Units: Year [0,?]

The frequency with which output is stored.
(O4HTIME STEP =0.25

Units: Year [0,?]

The time step for the simulation.
(05) ¥4 = WITH LOOKUP (A£ B4 £ ,([(0,0)-(2,50)1,(0,50),(0.2,50),(0.4,50),(0.6,50),
(0.8,50), (1,50),(1.2,46.5),(1.4,34),(1.6,15.4),(1.8,4.4),(2,0) ))

Units: Year
(06) BR TN F=200
Units: A
(07 BB = OSEMUBR BT IN AR &
Units: Dmnl
(08) ZJH=E=0.1
Units: Dmnl

(095 DIE =5 DBREY V) Ffn
Units: 28

(10) R DFEAK=5: DIES+ BHEF
Units: 28

(IR DFEH = INTEG (R DOHEAT-G DI $£,50)
Units: 58

F/2. M52 EQOFET NIRRT A—H—hl-ol-— 2B LT TTR, K522 6D
EFNLOEXLRLTRBEET,

(OHFINAL TIME =100
Units: Year
The final time for the simulation.
(02)INITIAL TIME =0
Units: Year
The initial time for the simulation.
(03)SAVEPER = TIME STEP
Units: Year [0,?]
The frequency with which output is stored.
(OHTIME STEP =0.25
Units: Year [0,?]
The time step for the simulation.
(05) ¥4 = WITH LOOKUP (4 2% £ ,([(0,0)-(2,50)1,(0,50),(0.2,50),(0.4,50),(0.6,50),
(0.8,50),(1,50), (1.2,46.5),(1.4,34),(1.6,15.4),(1.8,4.4),(2,0) ))
Units: Year
(06)BRERIN A = 200
Units: A
(07 BB = OB/ BT A &
Units: Dmnl
(08) B 4=0.1
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Units: Dmnl
(ONZRDEDOEEN=R DFAELL- R DI T
Units: Dmnl
(105 DFE =5 O FH V) F
Units: 58
(DR DOFEAF =5 OB ZIHH
Units: 58
(12) DF#= INTEG (5 DFEAELL-Z DIET4,50)
Units: 88

10) A—N—va—hFERLAL
A —_"—Ta—  ERLAALIE, T TCICHA L, 9o Z L 2B LET, HH
N—T LW —T BB S, MR —T 0 0BEL—T 1Y XD I L CREITE
7,
INETO, BOETFNLOERIL. BESAE % EE L TOEMTLEN, BREHFR
BEREDboT2% ko&é#f%zi# D
—%ﬁ%ﬁ%ﬁ%ﬁ%%fé
—F == a—hkL, TO®KRRLEALIZRD, T LT, BEFFEVBENDIN, HDHWV
X AT AiREES 5
H DT
— AR Y | BREFAEN S BUIEbT 5,
CWIHOBIBAERAEIEDL LN TEET,
T 2BEHDOF —RZOWT, BOEFAT, A My ZEH-IC—EBMNLTE-ET
JILTRLUTHET,

Selected Variables

0 10 20 30 40 50 60 70 80 90 100
Time (Year)

<ROTE> IREIEFAE : Curent S DAY : Current

X 523 : BOET A L H98TI R & F DIAERA T =X L

X 523 [R LIz D12, DK 1-22 EOZDOETNVEER L, BETFREN, ROBE
TEDLDLEIICLET, BB EL DL, BAMERY S T0OT, BENDRLI LD, B
RN DT Z DROEN S TN, TNERDOEHHFEMPEL 2D L) A=A LT,
Lo ERD SHET,

I al—ya UEREK 523 FIORLTWET, BREFAENEDT LD T, L0
3,300 A B — 2 12 U, BHICE RS 20  GuIB aiEE T L& £,

bolt, ZOETATIE, THOMYHEAEDZ LE2EZELTHWEHEADT, RN, +
MR 2 FEEETCE R RLETHDEZBVRLSTEWVWIRED L L TOFEEEZTT
W,

BEAFARBENIRET 25 &0 ) BB KON BREEFFA RS S I LT 5 L v ) BRI
REAREEVWIA RNy 7, HELWHI T —%2 ANjT5Z L THELTEET, #ilxiX
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REFREORADZ, RHEEACTERY R L, B L $magfini, IRencizn 3,
T, BREFELTCWAT 7Y O AT TIE., BMAERETYH, WENKD L
YN FEL, 5O, 2LEEFMNEBEONIEMNEENE T, £/2. 2LBHLA
NHEFELETOT, BRI bESTHIC, BYAKLFELET,

REGIARED S BB T5 LW B4, A HEAELTH, RFEENTENEZ LA
HAETERTHRLF OMOERE N 2 T Z OBENBELET, Wb, BRETFA
HBEWHIRA MY ZIZ, BEEWSI 77— AL, ZOEIMREOFRD HFIRE T, £H56
M7 9,

TDOETAND, BEFAEOTAERT EWVOIBMEL—T2, SOHEK-E T4
DI LD Bl — T H RGN B . ROTEEAE SR (LS ETWDH I &R K
5-23 FIRLEEZ I 700 R THRIET,

INETTHHLTELHIT, S BRESCSSEBAIL, B —7 L — 7 %k
B, B —T BB — X D L TTRATE 5 2 LB I NIULE
WTT,

B, RITTIE, RIT TP D EEFAETERLSRDZ2ETEVWRS T LW Z LiTE
ESNTHWETL, BZF0L00MELAEER SN TE CWET, B ctti il % m4t
FETERLMRDETRVRLL T EVIFFETIE, BITLESLEO TN T, T~ i
ETIEL EREN, Y ORE TR, MMNFHEETE 2R, 202 ENFINT,
WHE O OBEN 2RI L > Tk biv/e < WEEL O EBIEEN L RKIZBTITH
. NEBEES S5 %5570 785 L0 I WBEALORED 5 B EZEHE L TV ET,

X523 DETF IV, IR LT, K522 EOFETFIICEATEM L7020 TEN, —
INEXETH L CRBEET,

(O)FINAL TIME = 100
Units: Year
The final time for the simulation.
(02)INITIALTIME =0
Units: Year
The initial time for the simulation.
(03)SAVEPER =TIME STEP
Units: Year [0,?]
The frequency with which output is stored.
(0O4)TIME STEP =0.25
Units: Year [0,?]
The time step for the simulation.
(05) ¥4 = WITH LOOKUP (5 DE 4L ,([(0,0)-(2,50)]1,(0,50),(0.2,50),(0.4,50),(0.6,50),
(0.8,50),(1,50),(1.2,46.5),(1.4,34),(1.6,15.4),(1.8,4.4),(2,0) ))
Units: 58
(06)JE LT 2 RDE=F DB V-¥) F5 i
Units: 58
(07)BREE 74 Be= INTEG (-7F4 &K T,200)
Units: 58
(08) ZHH==0.1
Units: Dmnl
(09)FFA RS F=5 | B4 72 ) ORI+ S 0T
Units: 98
(10)2 1 BEY 72 0 O %E: = WITH LOOKUP (O (1(0,0)-(2,0.05)],(0,0),(0.2,0),
(0.4,0), (0.6,0),(0.8,0),(1,0),(1.2,0),(1.4,0.0055),(1.6,0.0136),(1.8,0.0289),(2,0.05) ))
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Units: Dmnl
(DWROFEEE=5: OFBUBR A &

Units: 58
(12)5: DA B =5 O FIHEhE=

Units: 58
(13)RDFES= INTEG (D EE$-FE1- 9 5 R DHL,50)

Units: 58

INFEFTOZDOEDWHIAT, VAT LAOERMIRIEENTH D, EREL, 851k,
RE), Ik, S TRIZLE £ 9 W\ o ToET Uil TRAE S 515 0 0 BifiE S iuiE=:n ¢
j—O

BR)SEDE L

ZOETIE, VAT LADIRLENOIEAR TH HEME N, FEERE, ISR EL, R
), S FHILEAD 5 DDA RIAD /8 F — o DIEAR R EB T2 UE Lz, B
X, A by 77 e—nHE@c, A1, HD20EHAITHETRITEET, VAL
i, A v ZIZAN, BOINVTHNTH 77—k L, ARy 7607 4— KXy
DL TRETE, EO7 44— Ry 7 (5EL—7) Thiudime, Aao7 4 — K
Ny (B —T7T, A by IR LT T7a—0N~AF2MEZES) ThiuL, WakL
F9, WHkIE, BAZICH L, ARy 7 EOX vy v T E2HOBL L5 WL —T 52T
ETHARETT, FEENE, R by 7 7o —0LEbRlc, BIEZ FHIELZ LT3
XD ENTEET, S BEIT, L — 712 — 7 & T S8, L — 70,
VAT AEHINSE LS ET2E8E &, P LB —TRNE S T, NS S
Iz, RELTEXET,
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6. TRYVAV RN TIFAF v Ialb—F—

SD % 21X, (RARSEBR CRED D2 b il 7 BUR VR R A RARDH Z &, ET NV EFE-T
HMRELTWVDBVATLDAN AL BRECTEDHZ L. FOHMEIZ L » TEEREDOHRE
NERES ZENMTEHZLZLUT, SDOFLE, HHWESDAHOERESZ L TVET,

Z 9 W\Wo 72 SD OFIMEMZ 40T T, SD BT AEENETH Y . SD 7 VITEE . L
TOAT v 7 THELTWHEET
* Fuﬁ;%ﬁ@ E%

- {BGER
- IRELRREE
- BURUBR R OMG

(1) FEDE
ETNEBERTDHZEHLEETTR, TOREMTH D, BIEOEFO G O
EWVSTAEEDHT N LY EETT, T /MERICEBNT, FORMBICESEZGbEI R
MERDD Z LIZED ., ETVBRORNRER NI E Y £3, o, COMEICESEZS
OO (AR Nidox Y Lk, SD TMETL00006RL R FT, 5
NEREFERIZ, L L TCWARBEICET2EMNREY . BPDO LD TR, EH M
RAA S RICTREFP LW LA RRTHLEEHHTLE I, WTFHRIZLA, ZOFE
TR ORI EEEZ BT 52 LT TEEE A,

FX¥ A P TIERICENINTOETA, FEi3D LEERFIET, MASRICT X &RiE
OB, FXLLS Ao TWRNZ ENE bV ET, iz, BRFHEFLRL HE) &
LTWAHZ EBE B ET, HlxiX, RFEICRoT, THUIET, | & Wvo 7o HER
BN E T, HEDICHRTICRERIETIEH 5 O TR, Ei, KPR T-DI3HEL T,
A OfeE R, EEEENENT, £V £bho T, BRKIIRTIC R oT 52 F 1,
k< AT, BNEBSERERZ L TR UET, MNICREMRI T 0TI, £
NEREL LTWDE, MBS LN TERL R £ L, LByt Loy L
ZEBL AL TWET, BAMARKLNENRNDOT, HE, FENBEMFE LY.,
FBAEEZ T, MENRBEENBEELLET, IR TEWEBEI o ZIZ2oTLENET,
Bl 21X, BORFI /-T2 WHMEE, RECR TN E, ~—FT 0 7EHA
SRR E R EOREEED., BREHIBICE > TRTEMBELELY) ELELEIRDT
LXoh, %55, e ENEBIAR, BEEAREICR>TLEI TLL 9, AYORMEIL, 7&K
FIZHDHOTIERL, BEEEZ D < RIMTE ol b, BENRKD TV DHEMLE
B TERD oW L 12Hh Y, ZOMEOFEENEBELLIZONEREE W) HE
L) oz, MEITRTE AL, ReEadrH LEREROBE L E2x 600 E T, bo
EH SDTHOMLTADETIL., TV, RYDOEEHITRTTIE R, ~—FT 4~
TR THDLLE NS ZENRFTDITINIG Do TN NoT2t NI Z e b k< HBr 72D
T, HEVMHREICRDZLETIH D FHA,

ZHIE, FAD O Bo T B b N EE AN, SD TETALEZHET LI L. ZDOHM
RfEVVE, FTEREDORRE R EEZRDTEL, HDOWIELRIEL TBW RN E BnET,
ZDOIZ, BRESIDBAEZTT, BRESIT 21T, BREORFKS, S0V LE D
Rzl AFELEDLNDZ LR EERE ST T, SDETAEERET D L0, P
FRA LB E 2K ENIORER-TEET, ZOHDOZ ENGnbins, 7272,
772, e T VEES, BT NVEEMMET ALV FANZ S Ly vy — &% T, FET
DEHFFE, TETANFEMIZRY, REL 2V FET, B0 EFTWIREL, bbb hn
HEROoTLENRH T,
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COBEMEOEELE LT, X<, MEEZMHEICERLELO (&) 2EKRTLIZ L%
BEIDWLET, ZOMEEFRT, EOWVoMBENEAEL TWT, £ W o RBERRI
EREIETHDEINERE T, Hl 20X, KEEBPEM L L., +072BE0KPEILR< .
FKBIRZITOE D 21572\, £TAKEICOWT AL 57 LTy, | Envo
7ZRUZ, MRETHTEOHEEELOET,

COMBEERIIR TED> THI#EWERA L, 0 L TARR, RYoMEIX O &
TACHDLZENGNDZ LIRS HDHZLTY, 2o, TKERZENER L, T4
IR BEOKRPEAR S FAKRKIREZITHO I 55245700, FIKEIZOWT &ML 73120
LT, | Vo MBEERIT, i, TMBICRERH 0 | AKERHE OKAEMEL |
51T, FREFN S OMBE TS 0T sk OEEESCERENIRH TE R
CENRMEE VI X EDLLHZ LB ET,

- B B A REIIA 2 BRI T D
- [MEEICRIR T A RBREF DA ST 5 (BIURHESHT)

* SD TOHTREREFIHT 2 FZ2HMIZT 5
- SD TIT O mo#T OFEE GEME, BEMESE) 2RO 5
WS TAEELE Z DB TIToTnb, IROIGRREDIEEIZADL DBV TL X 9,

(2) &

K LT REMEAPMILTEX -6, VAT LAY, 20X ) RRENHES % TEE(L
SHDLZONENIEIREFT BN TAHZ ENRPIOAT v A2 F4, 22 TiE, FEH
FRHPA hy 7t T7ua—TitbENZSD U 77 LR« BTN, TORFIZR D £,
V77 VA BTNV ES>TWBEDIE, FEHSFMES N TOWRWESET L0, &
AN A THRTERZINTWARWSD EF /LD Z & T,

REBIEHRSD U 7 7 L A« BT /MU, ANCE S TiESTEET L, HEo THHNE
BFh, ZOZEIE, BIICAVZL - T LELTHALE L, 22150, FfETS
RO, BIELT-b DN AL > TiE-STL 5D T, FEBEEXLSD Y 77 L A -
ETFNLHACES>TESTEXET, BORHLHDT, ala=lr—3 g il ThtEE
YD, ETNED ONEIEL, AMEEMSIEE Y HAFMOEE Y O _EICREEIZ
THEI Y a—arNEENET,

ZONGENE, LTFOX S 2 PIETHRE L & ET,

AT w71 BEER LIRS TWS, HDWIEEET X —T— K& L THD,
Bl zIX, MEERCTHEL SN THDH00, JEEORTTH DO ThiuL,
Hiffi, 76 b, 7EE8%, AEMNE, 1EE, Sk, BAaHEToRGMmE, &
WolmF—U— R TL b,

ATy 72 i E N F— U — &Moo T, F3ETERZREBEFOFELM->T, |
REMRCHFIZH L, T+ 2200 [— | RO EEFRMT TH DL, ZDRRIC,
PVEEEbhnE, F—U—FZ2H=IBMmML., AEEEbNS b 021k
L, MEERN LY X —U— FOBEMIC L - THIEIZR D X 9 ITL2T 5,

ATy 73 KRR LTS, 74— RNy 7« =T 2o T DB 720
Fx w7 L, Bl —T ROV —T O EERT D,

ZOEEIT, TL—r s A= 7E0, TA—TTOHR. HDHVIIEEEE A E

DEerrte, o5 WVIIBEREORREZIMY AT LWV o72 2 L TREMESE TN Z EBHW)
T, MEEEM L7, SD A I F—THHLIZb D TR, EHlZRLTHAET,
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List up of keywords: E3& L7255 — T —R &Y ANT w7 LET,
Grouping: )L 71t § - EAROBREHL (IR 0T, BREI L ILET .

OB,

— ASROBTIACK, AR, E2 N GBI,

p— SR gy
ax, (s, A, reseRs ommam, HOHISOBA,
5 2 RUMEIER,
3 ’ 2 i ,
HOHRBE, s, BEWRRN, A5, pimeyen 3 [rem——
HOBHDSOBA, PR, R @ bAGEREER, MRCAR,  (FOBRAIE,
o MR, 5
IR, BroBiER, EmBERIERIDISEA ) i
o wnsaous, QTR IMUTS —
MBI 3 - -
a2, E2 LTS o RS,
L LU KRR, Dhomang,
BROWA, }
ORBERIEI-ZT Qe

ORRMMLI-TY
e,

18,

SHBEHIBRN -2
GuraLA-TY

SPRETERELEANL -2

OPAEABRELGAIL -7

B LIT, FIELTERLEORO T, Hillc RALEF TERAPED - TWY, Bildh
70, BIBRE NI DRI T RBHRPIAI L s BV ET . EF TREARLDTT 1TEL

X 6-1:F—T— RO E I/ L—r' s

THE, T4 VB TORELBREME Y 7 NOTOIZHR LB T L TOHRH]T,
X 6-1 IR LTEE O, T ey MIEETAF—T— REaBFTnE £,
ZOFT, REIDOKRA A v M —H—_ THF—U—RFE2EXZL, BEZAL-> TvE
FLEMN, FIEIPC LT val Z—%ff-T, PCIZTHIHL., TNE AT U — L
ML, Z2EEEm LN S, ZOEEEZED TWET,

iz, X 6-1 E_muioto . i En¥—v—FrEa s -k LET, 2T
R, fRERE. TR, TTBO 4 SO N—T1231F T ET,

Make linkage in group : & ¥'13 BERED T L — N2 BT BROBFRAIE T T B

HFE 1o T < 12 AT N " ;
RO BRI 1T T BT, FDURMTREL T2 BRI S ULEMLE T, ‘Make linkage between groups: 7 L — 7 0 B T & . B0 B Mo ko T 170
HOBMNSOBA, e ; _ 7, P PR
¥k, e N 2 ROBRNTE, ’ A
HOMAEE, ’ AN ’ ’ ‘
? . BROWA, (BRI, // RN — \‘
/4
i eRREBILI-TY / LT > - \
X ° 1 Caammin D> \rotas,  Axswsmy, \ rgrez
+ HERR,  cnecmm  GEReRIE ] eamizin > P Sy R R Fzae, |
) a 3 , k T \ | mgcas A, \ " \
B ORBERLI-20T AR, @immam EmIPIEEA h PRI R ) f 'I '
° .
+ DERRERREIE S~ ! =4, 1) vl
. oRFamE, ° 1 I
BRA7, W75 | aRCTy h
v o+ ousammmany | AmMES, | B m’n:gm v
\ X %
SANBRORE. @BER, QLAGERIER, “,rmmamu X W o l} . ’l
3 us, N J s ,
y b \
KT, PRHE, A SRR O Rehizisdet]  aughememiane !
RGOS, G o A
P N + L ornnem Rt -
pe— - ETR
v s, oz, gouplan L < Rt
RS, \ SRS, __ o7 R
OAERER, CPABABRIEEAIL -2 oM, ) 7 emmm ===
- X -
. -2 rd 2 - . 5 e LIS IR PO Y
Bl B ETEHAN R R T T L ERN, BIFO BB R Qo ee®, Ss-o - ----

4 6-2 : F—U— FORES T

OMEEDRFEHR LIS, K62ED LI, ZV—TOH T, ¥—U— REKREFRTH
ATVWEET, 2O, EoBRETONIZ+E, AR THNITE— %, FATERHIOHE
ATl E £,

N -T=5, K62 FIRLizkric, F—ToREBZ THEUSL F—U—F
DRV THET,

IIHOLT.BTOF—U—FBRERONW=6 K63 LR LTEESIT,. 74—y 7.
=TI TCWDEGNRH DN E I MERELET, LT, %@74~FA/7-w~
T, R —T 200, BN —T IO EPA HERA— T2 R &, WEL—T
X B ZRt#ilLET, —BREENPKEZZHI>RFT—T— FBRbIE, %ODﬂF U— RiEns D
BWERT, 74— 7 « =T ZRTDHDERICRS>THETL, DT 41— RN
V7 e =TI RERDOF TR EETHNT 4 — KNy 7 « =25 TNDHIETR
DT, TOEHIRF—U—FREHEL, T &P, BERE FL—2F25L, 74— KX
T e =T RELCTL R ET,
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Find/make feedback loops: 74—k $u2 L =2 o T3, HBOIIRBITTOHHERRL, 74K
PRyl —FPEEFLET .

us3zor
S nd ALTRE

ot ~ AMRRNR p ,
. (al 3EDH L
Bnmoum, - R, RS BEOHEHEEL -
+
- o 3 N BHSRECEMED
B / ya \\ aroEER . '”
o s, - 2
gl T ROn, RN gl maa, | = X ST —
- SN cEsa s Al ‘* LRAI-LIREEY BE ~
AHIPOAG: P i ° nn\i \ o Kotas
T
/nlmzmz + \ igshat, Tamempabar, maxa RN P RARARAS, aiiBmeo ). oamnsonn
DOALTE, A - A + “ADR
\' % 2% AN / //9\ ; V/ / N vz ey ‘}msr
5 %58 ¢
umvgor £, PG, 3 MR, IR, (EMBERI, as¥E0r oHBIEG
w2, o . aAr g ™ + DOAUFE

Kitgse
+

RS U

wx PO iy
@EABESR RS

ORBERILI -

[T
s ARG ommama O\

. + s e

L m, BuuasGoln  WUSGRNE e

(63: 74— KRy 7 « L—F DR L RBE DL

AR S LIS AR OB RO -
P80 B AE72 M
PO, TNELUB T AL

A T T, R R RS
Fwneen —ERRLLE BT R SRR,
R FEE ZOrw, EERENEL
/ ) TS, A D S
e i (ST I T
S A, . '+ BEAHEIL ., T
P * % R R0 8
A . — DEVERR, FREE
3 B R D HA
B b EEBN DS,
\- . ) FeR L TRIAE R i
P y TR R AROT R (B Eh
por prmein i TER) LIRS,
Y j e BEEREOXBEHRE
iuaiEEwn LR . DTN TLB,

LT
At
MR
CiEBERARNLOS -

X 6-4 : XRFICEDEER () tarvkerFaT7r--E70 (F)

Zo7uav=l FTIE, KEL 2 DORBEITN—TN0E Lz, B ERE
& PR B % o L R %R BEIFRE T3, 2D 2 D7 —71E, BLxERNES T
WD T, FEEICT DRRNED Z & TlmN g T 5 2 L 2B5IET 572012, ThEh
FICIX 6-3 A TRRSBIZERETAVEEF L, X6-3 A0 6-4 L0 HICLE LR, i
FTETILVOERNPEDS>TWDEDITTH, NANESTWDLIbITTH7eL, 722, B¥
AR BIRE T I, TOBMRD 7 4 — KN 7 « b—T 2 UH L, (REE
ERHRD T 4 — KRy 7 « =T % FHSCHMBIZBNR T2 b D& Mo TNET L, R
EHBRE NI, PRIEERICET A7 4 — Ry 7 « =T % RmEICH LML, B¥
AT TERBDITH Lo b D& FE S TWET,

ZOETFTNEM ST, MESOMHR., MENRETIAD =L, OV 2—a
WCOWTHEREITWVWE L, ZOMEZRLELD, DF0, Z IR LEEEET LN
IIZTEIY. MBEOVAT AT D UK EMEATHRDHDOTT,

FLEHIT, G E WO SENEME R RV O T, EWETIL] 20D K HITEA
TWET, NMTEoTE ISTET V), TREBRK] & EMEATHET,
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7. ETNVEHEL TV HiE

TR, are S Fa T NAREEND, EBENRETNMVCETEALALEL, RE
TIA D V32 b —F—IETEBRIEDFEEZHBEL TCOWVET,

1) =RXNLVF— - T

T, THXEAPTIEE 1 E, ZOAMEIF—TIEFE 1 ERIZ, KEIZEBITS SD =%
N — BT VEROBEREFALE L, ORI, KED SD = /v¥— « T VI,
A R—=ZXDAFETEH -7z Roger Naill BFHFELIZHDEZN—ZZLTWDH EWH T & &
LFE L7, Z® Roger Naill DKEDKIKHT A « €T NEFST, EOXLITETVEFEL
SHETW O EBALET,

FNETIEE, K7-111R L7291, RKEOA ML ORI A ORI KT, RS
EEZTEL, 100 200 FETHY S T2 &R0 EWV D, 405 RAUEHE- 725 2
FFRAMBIRFIZEIE L TWE Lz, ZAUIX L, M. King Hubbert /&, B4 & 82488 O EIFR
T, BENREEREIIBRICE R TH > TH, BRI Z LItk d &, filfEzT
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A7 NEEB X E LT, Roger Naill |Z, ZDFE X FH 2D AL, MK OKRAT AD T A
T AEFR, HEERENETIIRL, BRTHDL LWV REZEITVE Lz, Hubbert DEL
I LU, RARH 2 ORI MR S, T OMEENS) | B SN BN 2 5 &
BARE— 27 5L, ZRiE 5 LERIEESHY . LoxL, SN IRY . HEEH
BELD LT EVWIBDTLE, 2T, &MY 77 LA« BT LEER L.
ToTWDEEORESR, JHEFE (B=) ., feiEmE, B Eo i e e & 246 5
EWV IR FEFINL F L7z, Herburt OFLGGCTlX, KERTAD T A 7 A 7 )VidHia 1900
NS 2050 FFETT, ZIUTK L, EF—XIL, 1975 b 1995 FFETLrH D THA
TL7, LIEE->TH, EF—ZII., Hubbert DFFHE U 77 LA« EF /ML, fiE
THITITAEDT L, 29 LT, KEORMEORARY A O & & EBIEIZET 5 SD €7
NWEREEL, ETNEHESTHON L, KEOAMEORART AL, BIRTEX2&E VI8
BWBIZRARH A Z E AL E LT,
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HoELERE

4ES
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1.5¢4015 60 B
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Cubic Feet

Se+014 208
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SEEER : Current

HEEEHEE : Current
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(2) XHDOET IV
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=
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Z o BTFIVORBEENSEDFET, OV T LR EBFAT, a8 T F TN T
N, WEETARELMFEINSZ bV ET, V77 LA ETE, ETAOEE
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HE.FUL. ANy 7 OlEEHERE L 7 0 —0WEEEORIIHEL— 12> TV, 2
DO¥IN—T TET ABHERINTWET, Bl — 7700 T, M b #HEE
BHAEICRLZL1TmL EEMICRICRSTE6B8 LW S22 3, Z OYHIER
OHHMAAET N TH, HEHBEIT. FEEICL > CHREHERICBITT 2O TR L, e
TEME R, 20 HHACETAIIE 2 T 28, 1970 SRR i e — 7 ICEL . FDO%B LT
W ZERVIal—val RN ONVET (K12 EDF T 7)), Tz, BEERNE
AU, EER (ZUFAEPERLFE L) 131900 225 1970 FA0FE TIIBM L TV & 9723,
FTOHWHITHZ LBy I alb—va UIERIORENTWET (T2 D7 F7),

ZOETNAOERITILLTDO L 512> TWET,

(05) 4 %=0.0075

Units: Dmnl

(06) 3% EE=HE & ik &+ PR AR

Units: Cubic Feet

(07)HE 7EHL i Fr= INTEG (-F£57 £,1.28434e+015)
Units: Cubic Feet

(08)1H 27 #:=0.02

Units: Dmnl

(09)7H 2y =it 7 LR B+ B =8

Units: Cubic Feet

(10)fife & H = INTEG ({58 Be-1H 2 ,6.4e+012)
Units: Cubic Feet

ZOIEFICHELMEET L TH, Bl HEEHEESER T, SHIELTHITEA EWD
TEERVREETH - Th, FEERICEE L TV L Ao T, UK IR THRIET
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WRLTWET, TOZEN, VRATATEZRDLIELE, VATATEZRWVWI L LEDK
XRENWEESIT-ETCWET,

R)2TBEBDETNL
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WEH A,

HEEMEED > b—8E, B, AN, BEMREEICBE L TWDH DT, BEX
GBI, OB T mIZR Y £ HEEHEIEE), Kook L TEREE AR NT S
NDEDOTETN, FoTmRBENEESINDDOTIEARL . BEREMHEESLUEDIWE LE
T, FLTC, INERTELET, L, BETHWVEIRATANREALLEALH TS DT
TN, WBIZ, BELTHRETANRPENPHTIRWE STy £9, HEEHEE
DOFRAER), HDHWE, BEENZORTHEE AR IR 572, R0 b, HD KT,
KIRH ANEECEIEATRE & 0D (BRER) L) L2ICEXTVHEESTFE,
Z LT, ZOEPET, AR (BRIEREE) 2HIH L, ZOE0A, MEEMEBREICBIT L,
HEEMR RS LET, ZomEEE, K73 ICEWET L E L TORLTWET, B
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IELFET,

ZOETNATIE, RERCERE TR (RER) DIREDLOTT A, BIEATHE L 450
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Time (Year) Time (Year)

HEEIERE : Current H#EELERE : Current

FeEBRE : Current HeELREE : Current
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¥ 7-7 12, #EEHEE, EEBKEORYIOET VE 2 FHOET LDV I 2 b—a
EROLKEEZ TR L TCOVET, 2BHOETFTATOYI 2 Lb—3 3 VEERD N, wmﬁiw
BESZ o> TWETR, Bl F — L LTI, RERBEBWIRWT &, HEEHKEIL, &
WIDOFEF LD EHDTIE, ﬁﬁ_kwﬁfﬁybfwéﬂ\_hﬁzﬁﬂm%mi\Mﬂﬂ
TR LTI b, fEEHmED ., RYOETLOLOTIE, REMRE TS L, £t
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Time (Year) Time (Year)
BHRE Curent ——— MBS Current —— R E Curent ——————————— SHERE : Current
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X 7-8 12, IFEE, WHEDODEVIOETFT NV E2FZEADETILDOY I a b—3 g VRO
WA RLTHWET, 2FZBHOEFTATOYI 2 b—a VRO T, IEEEICKX L
BDRE = DENHRELENET, FEERIT. BRYOOETTLOHOTIE, ERISITWET
B L TWDER, ZANSEIRTHEL T2 L B b L TnET, ZhixT— 7 EkiC
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2EFEHOETNOERXIFLLTOEY T,
(05)EAERE = WITH LOOKUP (Time,([(1900,0)-(2050,1e+009)]1,(1900,1e+008),

(1915,2.2e+008),(1930,3.5e+008),(1945,4.7e+008),(1960,6e+008),(1975,7.2e+008),(1990
,8.2e+008),(2005,9¢+008),(2020,9.5¢+008),(2035,9.9¢+008),(2050,1e+009)))
Units: $

(06) RA F=RE G R T

130




Units: Cubic Feet

(O PRAE B H=PRA & H e E 7R | O R A &
Units: $/Cubic Feet

(08) BRAE i Hiffi=1.34775e-005
Units: $/Cubic Feet

(09) PR E=DELAY3({EA K, 4.5)
Units: Cubic Feet

(10)-HE 1 RS A B = o MLk £5/1.28434e+015
Units: Dmnl

(11)HE EHL 7% B DA & = WITH LOOKUP (LN(10*HE & HUs 7% &), ([(-3.5,0)-(2,14000)],
(-3.5,13000),(-3,6000),(-2.5,2700),(-2,1000),(-1.5,545),(-1,110),(-0.5,50),(0,22),(0.5,9.98),
(1,4.48),(1.5,2.02),(2,091) ))
Units: Dmnl

(12)HEE P B = INTEG (-#85% £,1.28434¢+015)
Units: Cubic Feet

(13)1H 2 #=0.02
Units: Dmnl

(14) 5% =t e ik B Y 2 38
Units: Cubic Feet

(15)ffe EHLEL = INTEG ({58 B4 2 #:,6.4e+012)
Units: Cubic Feet
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MO —TZFERHE L CWET, 7272, BPOET NV THANZSH - 7=l — 71213 E 72
FE2 DT TOET A,

R1 O — 71, JHEEHE UL, IRFEEIADE X 5D T, EEICEHTONIEH
L X, ZOD, EEENHE UL, HEELHEL, SOICHEIAREZ D V)L
— 7 &R LTWVWET,

B2 O¥fEi N — 715, WEBHN AL &, RELENEIRY, HFE U EOREILET
IR 2 DT, BRELEEES LW COREE IR TLMREEREMTbNR L,
ZDEH, HEEHEEN o TIT B, T LAEBRLRZIOT & R0lc, Withbl
WO NL—TZRLTOET,

3FRHDOETNLOERIILL FOED T,

(05)fHik& %I B2 = WITH LOOKUP (LNGH [ D - H 3 2
*100000),([(1,0)-(10,2.1)1,(1,2.1),(1.5,1.59),(2,1.21),(2.5,0.9),(3,0.69),(3.5,0.5),(4,0.24),(4
.5,0.14),(5,0.067),(5.5,0.031),(6,0),(10,0) ))

Units: Dmnl

(06)HE/1=£=0.0463497
Units: Dmnl

(ORI E =ME ARG He s PR I bR
Units: $

(08) FRAE & LL =02
Units: Dmnl

(09)HRA F=PR ARG /RAE A
Units: Cubic Feet

Q0 PRA L H=tREE T B HEE Bk &P O RA &
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Units: $/Cubic Feet

(11)HRAE FH Hifii=1.34775e-005
Units: $/Cubic Feet

(12)EA# H L2 = WITH LOOKUP (% It
R ([(0,0)-(50,2)1,(0,0.08),(0.2,0.25),(0.4,0.44),(0.6,0.55),(0.8,0.67),(1,0.76),(1.2,0.82),(1.4
,0.88),(1.6,0.92),(1.8,0.96),(2,1),(3,1.1),(5,1.15),(10,1.2),(20,1.3),(50,1.4) ))
Units: Dmnl

(13) R E=DELAY3(IEA R, 4.5)
Units: Cubic Feet

(14)HE B A% E=HE E TR 2/1.28434e+015
Units: Dmnl

(15)HEE R R R OFEA B = WITH LOOKUP (LN(10%HE & H 7%
),([(-3.5,0)-(5,14000)],(-3.5,13000),(-3,6000),(-2.5,2700),(-2,1000),(-1.5,545),(-1,110)(
-0.5,50),(0,22),(0.5,9.98),(1,4.48),(1.5,2.02),(2,0.91),(5,0.05) ))
Units: Dmnl

(16)H EHL i Fr= INTEG (P52 £,1.28434e+015)
Units: Cubic Feet

(17)iMH O F¥ER¥ES = WITH LOOKUP
(Time,([(1900,0)-(2050,0.014)]1,(1900,8¢-005),(1901,8.25¢-005),(1902,0.000162),(1903.0.
000335),(1904,0.000431),(1905,0.000458),(1906,0.000461),(1907,0.000455),(1908,0.000
446),(1909,0.000436),(1910,0.000425),(1911,0.000412),(1912,0.000399),(1913,0.000383)
,(1914,0.000366),(1915,0.000346),(1916,0.000323),(1917,0.000297),(1918,0.00027),(191
9,0.000245),(1920,0.000226),(1921,0.000214),(1922,0.000208),(1923,0.000207),(1924,0.
000209),(1925,0.000211),(1926,0.000213),(1926,0.000213),(1927,0.000213),(1928,0.000
213),(1929,0.000212),(1930,0.000209),(1931,0.000205),(1932,0.000201),(1933,0.000196)
,(1934,0.000196),(1935,0.000186),(1936,0.000182),(1937,0.000179),(1938,0.000178),(19
39,0.000179),(1940,0.000181),(1941,0.000185),(1942,0.00019),(1943,0.000196),(1944.0.
000202),(1945,0.000207),(1946,0.000212),(1947,0.000216),(1948,0.000219),(1949,0.000
221),(1950,0.000223),(1951,0.000224),(1952,0.000225),(1953,0.000226),(1954,0.000226)
,(1955,0.000228),(1956,0.00023),(1957,0.000233),(1958,0.000237),(1959,0.000243),(196
0,0.00025),(1961,0.000259),(1962,0.00027),(1963,0.000281),(1964,0.000294),(1965,0.00
0307),(1966,0.000321),(1967,0.000334),(1968,0.000348),(1969,0.000362),(1970,0.00037
5),(1971,0.000387),(1972,0.000399),(1973,0.00041),(1974,0.000422),(1975,0.000434),(1
976,0.000447),(1977,0.000463),(1978,0.00048),(1979,0.000499),(1980,0.000521),(1981,0
.000545),(1982,0.000569),(1982,0.000569),(1983,0.000593),(1984,0.000619),(1985,0.000
646),(1986,0.000677),(1987,0.000714),(1988,0.00076),(1989,0.000815),(1990,0.000881),
(1991,0.000952),(1992,0.001027),(1993,0.001103),(1994,0.001177),(1995,0.001246),(199
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