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BT SNT-25 0 R H - ZZ3HE T /L2 DWW T, Acheampong b i, +HHUF|IH & A8 @ICRET %
*EEVE)%@:E‘T U T ONTEFMEDO L Ea—nbRITE L O TEHL TS, B I T

WET VAR 2-2 17T,

F2-2 THFIA - RBEETILORE
Utility Maximization-based models | Micro-Simulation models Orher

Adanta ARC (PB, Bowman and
Bradley 2006)

ALBATROSS (Arentze et al.
2000, Arentze and Timmer-
mans 2004)

HAPP (Recker 1995)—
based on operations research

approach

CEMDAP (Bhat et al. 2004)

AMOS (Pendyala et al. 1997)

CEMUS (Eluru et al. 2008)

CARILA (Clarke, 1986)

Columbus MORPC (PB Consult
2005)

HATS (Jones et al. 1983)

FAMOS (Pendyala et al. 2005}

LUTDMM (2u, Taylor and
Hamnett, 2003)

New York NYMTC (Vovsha and
Chiao 2008)

MATSIM (Balmer, Meister
and Nagel, 2008)

Portland METRO (Bowman 1998)

STARCHILD (Recker, Mc-

nally and Root 1985)
SACSIM ( Bradley, Bowman and SCHEDULER (Gitling et al.
Griesenbeck 2009) 1989)

SFCTA {Qurewater and Charlton
2008)

SMASH (Ettema, Borgers and

Timmermans,1996)

Sacramento SACOG- DaySim (Bow- | TASHA (Miller & Roorda,
man and Bradley 2005) 2003)
TRANSIMS (Smith et al.

1995, Nagel and Ridkert
2001)

INET, HHFIHEB XOREOKE
Y, TUTOEHICBWTHEH I TWDET /LI 70,
IWDEATDENEINUZIBNT, Had

(LUTD &7 Vi, BN OERH %2 Friaic

B £ TTRR DM H D720

%< WwH I TV
LT, TS, VTS
, 2Tl oo fE

72T T WIZDOWTEHI %, CUFM (California Urban Futures Model) 39(%, +HuFH, @b, (&
=, BH, NOkEofEploayR—xr ha T o X L HAMEGRICE SO TEEL WD, Fiz,
UrbanSim (%, {#y, 3, HHIFTEE, BIRE OERIZIESN T, FHoREE TS CHEER L
TW5. UrbanSim*%, HEZR LUTIET /LD 1 DTH Y, KBTI o b— 3 UTHERET 5 a6
ThHD. L OBAFMFETIX, r—AAXT 4 & L CUrbanSim Z i H L CW\W5. X 5|2, LUTIE
TV TRIBIZHEL L TR Y, IRPUD*), MUSSA®, MARS®7: ERRFMNRETNLTHS.
Loy L7y s, KEy OBEFE T MIEFAE L OVEMBNCFHE R A H =X L Lo TR0,

2, ITLUP*=S2 UrbanSim [ZEI AL SN TWABET /L TH B0, 122 B OFERT — 2 2 T 5%
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222 BEMNLGETIVERAVEBROBADRICET SHROEE

Anas O N, IERRFREIC X D RRGEOERIMEP G SN TV D HE - bRt 2 585
#BTHi & L, Core-Periphery E7 /L% FWT, JEKILRSCAIIHUEIC L D COx HEHEDHIHN R
AHEEF LTS BRI, TR IcdbR A LR, FERCANBEOT -2 5255 L L,
HUDER ERBAERD 2 2 — T EI LTS, LT, 2005 F2EHEEL L, 30U 4 (OF
SMEIE DILIED Ix, QT DO ALAZBEED S, @D EQEMEETT TV A) #REL TV D.
1T Core-Periphery €7 /L& HWT, EROTF U A0 COHEHEDOHIBZIEZHG LD, =
DETNVEHAND &, FEOR Ny 7 &, Z@FERIO b » 7%, VKT, BREREE, COHEH &,
R FEROMEBEERFIEMEEZ T U Ny RELTHR T2 2608 TES. ZORER, Ny
TR, AT, VKT, #REHEZ, CO#kti&EIE, QL@ T VA TIIEML, @vF U A T
D UTe. E, FOHOERHTIOY TV A OREAD L, QL@ F U ATIHEMT R E o7,
HERHRE R, @ T U AR AZG EHT 2R H D, FERITIEHOEBO N DB
B2, COHEHE EMREBMEENMELS D Z b holz. ZOMX T, COPEHEDHIZ
THOIZ3DDT TV AZREL TNDN, HEFHERD OERILIRR E O AT L0 b
HULERDAILASB T AT 2 1708 CO HEHEDOHIIC IR R &5 Z L2 LI LTS, £,
CO, HEH B DHITHEN RN F O DILH IO AN LAZBSGETH 573, COz HEH EHIEZN R DR RBSL
EOEILRICB N TS, COHEHEDHIHEN RUSNDEEELR I & FBIRN DD Z L 2 502
LTW5. E#ERE LT, IO, Bl ORI, I & 5 EE £ TOBE)
RFfETIR Y, MR & LT, ARAMER D o o5 L Ok 1 23 BEAN U, RBAMERIZ S (1 Mo 8 5 Hh 4
BRITHZLITHETH LT TND

Wmﬁ@;¢l-k@m%ﬁﬁkbf #RIBAFE, A0, GDP, BRELICIVTH BV EHPTABUR
ZEADOBREHEG A2 LT D BARAICIE, Vensim T V2R L, KEFOT—Z 062 AT A
TAF I ABGRICESWTETAEEL, HiE2 L TWD. ZOET TR, A0, RFEHEE
BB G, REPE, KWTRELS, KEEHE O TN D. it,%ﬁbt%TW®7?F
7w ME (N0, GDP, HENERH) OET, S%UNERY, ZUEREVET L E WD R L
ol I, YIalb—ar &7 ET5o0 F U4 (DRERILS T U A, ORES T
U, @k LWHIRS T U A4, QR TV A, @ AR LT F U ) ZRELTWD. EORER,
GDP & AN KRERBAED B BN, BURIC X > TEELWHIBRZ 3% 1T 5 Z & T, f$kD GDP, A
ORKREIEMT D2 ERbhole. ZTNODORERND, FRRHIRAZRITCBRAEAT L Z &
MEFELNWEBRROEN TS, BZICHFHERNOBOR (DEBIHEOFTA - FIHOHIR, @H®E
DR & [ AL @O Y — A0 |, O RBOK O E i & FIRFIZ CO, HEH BHREIN OWFE -
FAFE) DIEEZLTWND.

Han & 0%, HEOAHMAE BE « @mdtEe - Kk B58m) 235 s LT, REssicisT
LT X—RALE CO HEDHBIZOWT U AT AL AT I 7 AT AV EHAWTHEEF LT
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L. ETHIDIZ, 2000 FOERTRIZGEBT — & 2 K12 2020 4 BAE L L, HEGFHEROMFEE LT,
2004 FFOT —HEZHNTWD, RICET VR Yy NU—7 RICRBERA 7V ay (@Y hT—
7 OYLHR L REILER) A BIIREEE L, COHEHECRENEE 72 ORI ZHEE L T D, B
MIZIE, AIHESRME & LC 2011 405 2015 4E F T & 2016 4005 2020 4F £ TORIBMELRE TN
A 10%, N%ITREL, WEOBIR & BEFF7EZ RI23 202+ U 4 (DBAU ~ 7 U, @Middle
Control 7V 74, @High Control 7V A4) ZEL TW5H. ZORFEE, BAU > 7 U A Tidk 2000
ER LU T, 7 ERENEEENEML, COgEHEICBEL T ML, /2, @vF U4
ROV T U AITBNTH, BEHEE & CO HEMHEA 2000 FR L0 BT LR E R0, &
HOEK R Yy MU — 7 OYEREE ZELS L, BREBLOEAIZL Y, BAU U A &g LT, e
N 26%, 32%DHIBICEN 72, Z0 XL, 3 503 F U FEFELTWDHN, HEHERNHEE
ERK A O A B EERIATY, MEER R Yy N — 7 DILIREEZELE D OB R OE
ANEGIE BT, BEHEEE S COPRHEORBIZAZI TH L Z L2 LN LTS, £z, E
— XN 2 TICONTH EFRERUTFT U ATHSZ L TWd. ZORE, KERZEIZEDT T
BN THERIFED L2V, @V U A TIEHMMO T F U 4T 60%LL_E% &b T iz & ka5
VT EBEY 2 TN D I END o, TOZENLEEER R Yy U — 7 OYLREER R L
D2 ERBREIIERDOEAN L 1 E LI, BREHEE &S COHRHEIZIT TIEAR, =41y =71

WEBTHZEERLNIL TN,

Feng & %, AN OHEIICRFREDHEA TWDLHE - A2 x5 & LT, 2005 4225 2030 4
FETCOIRTHNO R LF —{{EFEE CO, HEHEOBEMIZ- OV T STELLA ZHWTET/UEL,
HERFL TV D, ZOWER, SHICKET 28O x X —iHE & & CO, JRlEDOHER & Gt
HZERFHBELTWS., P ATFLEAF I 7 ZEF )L (STELLA) ZHNTWAER, ZOETFIL
IRk, R, T, Y—v R, EE, K@D 6 M TND. £, EBRIZETVICAT]
T HEE, FICEBFEREORET — % 2 AT\ 5. FrcHEHERIC K& 8% 4,759 GDP &
WEIAN O OF —Z I LT, GDP 7 —# 1% 2011 4E7> 5 2020 4F £ TR E R 8%, 2021 4E05 2030
FETIIRERE 6%E L, WEIADIX 1987 42005 2005 £ TOT —HXIZHSWT 1500 A%
ZpNWE, TNFRE L. 512, AD & GDP $MENEET 5V A 23%E L, iy
Wradto7c. ZORER, 2030 RS TOZ R VX —HEEIX GDP BN 25% D >+ U 4203 2005
LI LT 13.65% ML, & b EIEN o To. T VX —HE & & COﬁJIEtH%@%%#%
ERFTIIRFRE EAADRRECHBEL TS LI EE2PWLNITL TS, ZOFmITHLMNZ
2 &lE, UTomh Tho. glil, =xL¥d—HE=ET, i%fz%%ﬁmbt_&ﬂAﬂo
2. BB = R VX —IEEEE WL CHD &, 2005 FEISIIPEET PN 2404 5O TV D3, 2030 4
1L, = REMN 2% % 505 Z ERH LN E Lot RIC, TRAX—HEBEOMHKEL L
LT, Al - ARPBAD L, NG 72 EORBFE=RAF—DORHANEHEIZHKE L TN Z <‘:73>/\73>o
7=, —J, COyfEHEE LT, 2011 5 2015 SO RITHOT M35 28, BIME A
ZERHB N E R o7 BUEM CO HEH RN T DR E LT, =R X2 R OtE) gﬂf‘b
TNDZENRBRHEITWS. MO COPEHEEZ R TH D &, ZBHMMHORERERNREN &
Mool RTOREND, AT TIIRFHRE L AANRKRESEELTWDL I ERHALNER

>77.
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Ba st LIomb R, SMTHE 2 EOFENEVZEE— RO = 7 HIE, BORZHIT LR 54
B L TWTC, ZO®BAMERTH S, £, TNTLERELO Y — AZEEEEHE OIRE 21T 9
&, =V NODOEEINZ RN D Z ERHALNE otz &I, COPEHEIZOVWTIE, HENE
B L CIBAE TH D Z Ehbhotz. BTOREND, ZOZED BN H - 1=K 728
T EHEERRS 2 RIS 572D D7 L— AU — 7 ORERIE, SPM AW TBUR FEOET VA HEET
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T, BAENHTWDZ ERNbhrotz.

Wang & S01%, BEHRBIZE > TCOHEHENHEML TV A HEZXG L LT, 2020 28155
HENEpE I BE T DR BUR > U A2 MGt L, 823 272 D80 CO, BEH B DOHER 21T > T
%, BARMIE, BEHERET 5720 ORI HEZFER L, EEREEHICRT 5 Co, HrH &EHI
WEBEE L3 2OV T I A ZRELTCWD., TN T IUAIE, ORX—RAF A DU A
(2000 ), @EFOBERTF U A (2000—2005 4F), @FHIMEE > TV A& LTWbH. v F U A
QIIREEREZ BB L, >V A OILFH rlRE B DXL BE A EARICEVW TN D, £V
U AT E R, EREE, BREEEOA T a VNG EN TS, £, COBEHEOHER
I, BRBHEEE, BB o RFEIE, VKT, BEMETTAE AL, BRI, 7YV CEE, T—8
NVEEDT — X & HNTW S, #HEFHER S, 2000 45 & g LT 2020 0 CO, JEHE XML <
WD ERDLMoTZ. LinL, XR=AT7 A4 T UFEIEFOBERY TV A &l LT, e
WU AP R A RIEICHIRE R D 2 Edbhro Tz, 2 b ORERND, HETIXEGEHEMO
WET CO I BOHIAIT A 5 LR ENTWD. ORI TIE, HiaRE/R BRI DR ELE)
MBEICERZRBWER Y TV A ZRET H L, KIBIZ COPEHENEIR S NS Z L 250 L
TWa. BARMIZIE, FETITEGMBEERETOSELZITH Z & T, COHHEDHIFICEND Z &
ZRAOLNZLTWD. Fio, HEHERNPOUTO L O 2EANZET 6TV 5. CO HEHEDH
WEFEELTWD Z &, KUREBRE~OERLAIEMORIMAE Z b TWD. 2L, FE
DIEIRE % 2RO 7= OEAERH T 5N TV RN TH D EBRE TS, HH—D
DOFEE T HEEES#E T OUEDT-HD A A N THHZ L EH LN LTINS,
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Pfaffenbichler & Vi, PR DZEMAC LHUFIAH & 2@ ABIMR L7 E7 /L Th D MARS
(Metropolitan Activity Relocation Simulator) HVNT, 30 4EfIDE—H /L =7 OH#EFHEIT > TV D,
MARS (35338 & FHIFHABOR N FRNCER SN TWT, BTE, ERA R, BRI SI3AHR
WOBORNTHER I TWD., ZOET VORI E LT, B D5BORFB e & htkx 72 R0 DA
AL THENARETHDZETHDH. ZOMEDr—AAZT 4 L LT, XKhFLh -/ ATHIC
BIFAZEFEERDOET—F L =T IZO0WT MARS £5 /0 & W THER L T\ 5. BARRSIZIE, 2
SOV VA (DBUKZR L, QAL @A 54T 20%, 20 4HT 50%8M) #HEL T\ 5.
ZOFER, EYMICIIARSEmO Y = 7RI 10%IINT 543 Eo7-. ZoXH iR e o7z
R E LT, AXLZHDO MY v T OREFA— bAXA I DB A~ » THRERE L7275 T
b5, £, BEE, F— AT, AWZE, SO 4OOZBEFEOR THROA— ML 7D
T RNEDHERHER L o Tn. ZOFSCTIE, MARS €5 /L& MARS 7 74 M ETIVORGE
L —ARET 4 OHEFHEAITHO TS, RPNTET VOZEHEERIEL TV 5H3, R fE=0.88 (fE
H2:0.92, AIAZIE 0.81, HENE :0.76) &7, ZUHEDOFHNET L ThHDH I EEZFEH LTS,
Flo, F—ARZT 4L LT, XET A N ATORBFENO Y = 7 REHZ L TWDHHR, #E
FHAM A 30 4 & LI28AIS, ARZEO Y = 7 RIT 10% 8N+ R 42/~ LT,

Lopez H 9%, 3 —r v/ NTHWOLILTWDHEEDOET /VHWT, Fe et OBLE M b 73 &
TANX =DV F VAL RUESH Tl 2 2 L 24_E L T 5. BIRICIE, sl 2RI
2 ODOFERHD. 1 DHIFEICT—m v SHIKTHWOLNTWDET LV EHREL, dHMEINLD v
FTUVAZERT D, WICFHIEELZRET H. > U AL 2030 FEHHEFE L L, SO T U A
EEHRLTWD. U AT X —OR A REMEOBLLEN D, T U A A (RIHlE P54
M 2% L7258 IBE SN D = X F— G PRI K S W F U ) L F U A B (=%
X =B LTz EAGE LT, IS OSEEFERDN T% M L2 HGEa 0> F U 4) O 25071
— 3TV, EHITHIN 45D U 4 (DBGRZ: L, @Business As Usual, @&~
DEF, @A T~ RICER) 056N T0nS. REICE VT U A ZHliT 5720 DU L /n
LI, 3 —m vy ORBERZRNTX —BOROACEIZE SNV TERINTND. ZORER, &
FTUA A TCEZRGNNF—HEA~DRZECEH LT -HAL WA Enbholz. £72, ¥ FUA BT
X, =X —, BREE, (R, BN~ A FRALERDEERE o7, T ORCTIE, SR
B DONWLPERDIEINT DI040, =¥ —, REM, ot BRNRE LT ZERPH
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EIE BFEHAOEMMLGLIMFA - KBETILOBELAZBTADER

AREETIE, KX THWS EHIFIH - 288E T /L MARS QRS EHRT 5. ZOFT V%2 RE
MZEA L, BHOENT 7t XOBGRHIZ T 572 DICH7o R ET VEMEE L BT, 50 4[H
(2010 D15 2060 42) DR 2 L— a3 Y OFEITHEROLET VOEEZRIET 5. MARS 1
AT WA AT X7 ABRRICHES W THER T X OHURIZ 35 1) 2 32 il & A28 T8 0 B4R 2 B a0 o
%%%K%ﬁbt%%wﬁ%@,lﬂwmzoﬂmL%méhﬁ%£M%ﬁofw5%@#%5
TNEBSE 2, BTl EeT VORETIE, BEIHIET VO a—F— Mb, MEFT7ET L, A
ISRV 7T T NABLOARY -2 KHEET AZBIML, 2 E Crlli & TR W ER AR
DOFEBUTIT T-BORZFHET 5. £72, KX oxgimie LT, TERTERZEEL, 7V
OWAIZT AT — 2 2T 5. Fz, ETNLVOEAEEOHEE LT, ET LDV I ol
—a v EFETL, WEMCEEB SN2 (V= BlEEEEB L O@TEES) 2H0T,
2010 4E 5 2020 AE £ TORMEHT —# & kT 5.

3.1 BEFEMHIOERMNLZLBFIA - EETILMARS OBHE
311 YRTLEAFSVROBE

VAT NEAF I A (SD) N, HHEIR L AT A EBIIICEGICHEET A0 D FiEmRTH Y,

A a—F—Ial—varyET VT FETHD. 1961 HIZ Jay W. Forrester? 3 5 1 % Hie
ML, R VAL RRLEEZRDIIER LTV o720, 0N THE, R, W, (L%, £,
T L THARBFEV AT AR EOMSIFIZ B IERK LTz,

VAT AEA T I AL, VAT AEEROEEICREE B A DI T 4 — RNy 7 L— T L IFH
BIEIZRE LTV, 7 4 — Ry I =3, VAT LAOHEANEEEETH L. LIznd> T,
TRCOT 7> a VBIOEEOEEIX, 74— KXy 7V —7NTHREIN, 74— KXy 1
—FIIT R TN T AETHD. SBIT, FOT7 44— KR_w 7 L—F1F, A7 LAOMHEERT
2 R BBIR OB 2 T 2B S AT AOBREHZETH Y, V—TITMAEICY 7 SnbT-0H
% < OBEITIMIEOBIR A =T Y.

9, VAT AEAFTITZAOET Y T, HEAL—TX (Causal Loop Diagram : CLD) %
HANWT, EBLITEDT 4 — Ry 7 ot A%k d 5. B3-11Z, il LTAH (Population)
DORFN—T %77, ZORFL—71F, A (Births) B L OB (Deaths) 205 A 10 OEEJEE D
BfRMEEZ R LTS, REAL—THNE, V—T %R 2% O AT DEKBOKRREGEZ =L
TWD7e®, 74— Ry 7 V=X EERITAZRT. LoT, 74— Ry L—TDAIKN
IRRVENX, V=T ORIt (T R) FE— (v AT R) BETOREND. —F, KEANIEK
MOKREEFRDOF M Z R L TWD. REIOIZ o St~ — 271X, REIOWMIZ & 5 B3 E U
[ (4) BT D0, Kxtim (=) BT 202 R LTS, LIRS T, BEOHEINNELE
BICIFE UEE D X 572 5N BN D56, EMOT7 4 — Ry 7 V=TI ZIEON—T (FF A
L), AMDT 4 — KXy I N—TFADON—T (A FAFLT) ER5. wxi, ADT7 41— K
Ny I N—TX VAT MZBWTREENEZ 72679, 20X 212, REAL—THKIET AT LA
FIVAET IV T O TEERY =L THLHN, RRAL—TRIITERANH 5. FRCER7R >
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2T AEREEO T LDIEAE TCTHDE VAT ADLL (A Ry 7)) BLOL— K (7u—) f#EErE
WTERWnY wxiz, REALV—THIV AT LAOEMEEZEBAETH D2, L— & L-ULDFH]
D BHUNEWTEE A FEIR LOMER TE 220,

o)

Births Population Deaths
4 .-

31 ANOBBEBOBFEEERLEERL—TH

Flo, VATLEAFTIVATIE, Ay (L) Lom— (L— ) BRFEORREE &b
22T 5. B3-21F, BEMOBFEEA Ny 7 70— TRLTWS., Ay 77—, K
%w—7l&ii@@x%yﬁ&7u—i%bﬁ&47@ﬁﬁ%TE%éh KEL—TH LD b
PSR AR T S, B A hy s LT u—0fElX, Ay, 7a—, HERO3EEOE
TR SN TS, A Fv 7 (Stock) ITRFA OB E & HITMAB L WREHT A5 Z & CEREE -
It 9 5. £72, 7a— (Flow) A Ny 7 OZELEEZRL TS, 7 — |3 AB IOV HT
L. FEl, ERY 7 IIEEADS 70—l s~ DOFEAOHHRITRINTND. B 3-21Z77
£, A by btr7a—ofEETiA (Flow-in) 3L WONiEH (Flow-out) @2 SO 7m—&, 1D
DARNY I RHD. 2050710 — (A by 7 ~DAEANy Z7NLOHH) 12XV, VAT L0
BN RBIENIET D,

Y]

Flow-in Flow-out
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3.1.2 MARS ETILOHE

AGHICClE, Pfaffenbichler® 3B %E U 7= LHIFIH & ZZ@ET /LD 1 2T 5 Metropolitan Activity
Relocation Simulator (MARS) ZifH LT, EHDOANDORBEICAS @ EDOEHEEIZ > I 21— 3
Y9 %. MARS 1L, Y AT LZAF 7 ALMRGROEGIZILSNT, LHIFIH & 2@ O AR
ML X< T 172007 Fa—FThh, L#FIHERBEOHAET /L (LUTDH O 12Th
5. MARS (I3, Z@ET IV, JREMBATREET v, EEHEIRE TV, gtEMBHREET v, st
BIRET L, BROREHEBE B LFHEET ANEEN TV D, ETVARKIE, VAT LHAF 3
7 ARSI a2 b—va YT R THD [Vensim| 9% W TR IN TN 5.

ZOETNAOREELT, B33NTRT LIV —, FAYTNT, A by RNV A, <
U—R7pLa—n vy &g o#f j‘ob\TL)ﬂﬁm)%’?< EHEMER @MWV 2 &SRR
INTA=ZDORENTE L0, THFIH & RZBIZET MR 2 RIICOI-V#FTcE 222 1
FTons.
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sﬁ’ vevr
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F=2ARSUF
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MABEH

Gooale

3-3 MARS A@E RS h =&

BRIV T S, ZOET L E W TBORIFHEZATT O TS, #il21E, Guzman & YT~ N
V= RERRELT, B— T T4 0 70N @OV —E A L~Lm RICBT 2 BUR A4 E
i L7233 E DT U Ao b BUREHMli 21T > T\ 5. ZORER, HHFIH - @t s L2 HWT
BURFHI T 2 2 & T, 72 ZEBUER DM AG O RLBER ORI R 2 6 Lz, £/, Wang
b MY, AWZBBROEMNRET 7BV T 4 OB LRI L TV 5. ZORER, Az

O —ERAVL~_ANEETHE, T78VEV T AICOEERRAZ TN Z EZWLITLE.
S OIZUTHTIE, Emberger H 934 — & U 7IZET 5 HEE O HE{L (Automated Vehicles) (2B
DBROET VT HATV, Y ab—ayiofiaE Lz, ZORE, 2050 4213 A EhiEs 5
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T 90% DY =T 2D Z L EZB BN LT

Z DX HIZ, MARS (T HHIFI & A58 O B O BRI A B PR D ZEMIC Y R 2 b —3 3 UL,
BURRHIAFIRE T 5 Z LD, Bx RBEAFEIC B W THWLATE TR Y, BURFHRICI W T
BHEMEOEWET L THD. — 5T, 2 ETMARS % HW CTEREN AN 36 S C & 72858 H1E
ETDEM NI EAETHY, AARD XD ki1 2 L o 2EiicsiT 2@, %%®%

TEHFZE D2 BT L= R T OFBTHORTH A Z b, KT TIEEEEICAE LT
WD TETZXMRIZET LV EHmA LT,

3.1.3 MARS ET/LOHE

MARS E7 /O E LT, B 3-4Nr7T X 912 [288@% 77 /L (Transport Sub-model) |, T
R A - JEE#ET /L (Land Use Residential Location Sub-model) |, [H#iFIf - ghie7 1 (Land
Use Workplace Location Sub-model) | @ 3 DDOH 7T /L THK STV 5S.

?%ff?quf?/b'i JEEH & R RO ZER A, T e T o, MUl X ORI A RIRE 2 LM
Lo THAEIZFEIEN TV D, FR@Y 7ET AL LAY 7ET A~V 72 L T0D [T
7eve VT 4] BNEELRD.

Spatial distribution Spatial distribution
residents Transport workplaces
sub-model

Accessibility

Land use
residential
location sub-
model

Land use
workplace
location sub-
model

Land price, Available land

3-4 MARS DO#&:& (HIEsE)

S HIZ, MARS OBRMIEZ KRN —THTERTLLEIE5E DL TR T I ENARETHS. Z
o OBMRME, —eR A - Z@ETLERETHY, LHAIRET 28 BT 00D
%®iﬂ®%ﬁ§ﬂ&mh,%E%%%%%&LT%%%M,ﬂm®kﬁﬁ%@?5:&%%ﬁb
TW5. BEESCREENFAETHZEICED, M) 7B AEL, AxITHHORIRSORETF
BEDBIRZAT VY, FRATRE RSO TRERE, HATEMALOT 72 B T4 NRET H. TN DA
BRZET NV CRE LA A LAT v S TEHAEINTEY, VAT LEAFT I 7 R HWTEIER
MOZEMINZ Y I 2 L— 3 VOERMAFETH D.
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X 3-5 MARS OEZE/L—TH

(1) KB TETILOEE

Zﬁféﬁfli, ﬁ@_ﬁ_7%?ﬂ/@$%iﬂ&:c:/)b\“(%ﬁfﬁ‘é‘é 72}5, :E‘?/I/@*%ﬁftli{ﬁﬁé/‘jfcﬁit@ﬁ%
REITHERD.

ZU DI, B 3-692H 5 & 51T MARS &7 /MIC CAOMBEEHER 2+ D BRIT 4 ByBEHERHE 2
THFZ LT 5. LaL, MARS 7 LN TIEFAE - £ (Demand), 44 (Distribution), F
57 (Modal Split) D7 & 720, 4y (Assignment) [FATHORUVEE L 72> T %,

Socio-demographic _: F =~ =~ === =777 M-A_RS_tr_an_s;;oE' :
characteristic & 1 1:
: . [—*Demand sub-model ; :
Land-use- : 1 I:
characteristic ~ ; | l |
Attractivness as | | :
destination (Land- ———— Distribution l:
use-characteristicy : | 1:
¥ | :
Characteristic = 1 . 1
means of transport & | Modal split 1

Characteristic of __ .
: —_—
different routes  : Assignment

Common transport model

.
-------------------------------------------------------------------

3-6 MARS ETIIICHITHRBEBFEHT

MARS OAZ@Y 7 ET L, BEO MY v 7% I a2 —r gL, BEHREETVIZTESNT
FHEEINZ MY v TER, N 0%, B REBRONORER S D, MARS O%tG & 72 538 @E
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— RCIE, R#HE— F T8 & BlRE), 3, “fnE, ARSmER (N2 L8E) NEEEIND.
ZoWgEE, EE—F, BEE, TinE, AMZEEREO 4 SOE— RBHRTHD. 6T,
V=X TRV AV TR EOTRTOIEEE— L, KEE—FIZHOVLETHEND.

BDH =B MD Y = ~DOEEET LT X TCOREREZZE L 7ET VER 3-77IC
AT B37 T, NTUARAT 44— KRRy =T Bl OIFEY, EICLLHEEH N v T REIC
K DM ENHINT DI o TINS5, 2k, BESORBFMAEL 2, BFEHAHEE
RTINS, 2D —r R, V=T DONRT U REELWETHL. —TF, —T
B2 %, O, SE DV BENRE LBEIRFMONT A% L 5. V—7 B3 IL, BENEERE
HEICKFTRELZDAL TS, 2F 0, HENEMT S &, BRENEEIIED T2 2R LT
W5, w&IZ, v—7 B4 L, BUZXDHENMULOT— NIZ X 2BERMICEET DL Z L 2B L
TW5. LER-T, ZOL—7F1%, BRI O X > TBEIo X S5 w9, HE)
BT L O ORI B b AR L TV D

Workplaﬂ ’/ﬂPopu]atlon Car avaﬂabﬂrcy+ Car ownership

Employ;d Attractlon
population Commute cost
other modes
\ Attractiveness of
other zones
Total commutc At‘tractlveneqs

Commute trips @
by car

+ Parkmg search
time

b Commute cost
Y car _
by car +
Time in car ‘\
commute Fuel cos

Total commute Time per

cammute trip Q
Ucd by car

Time for other Time per commute
trips trip by other modes

K37 XBEBETILORE/IL—TH

B TETMCEEND Y v TRATT LTI, ZKEITENRE S BRHEFEHE Z 0
HE9O b Y v 7RNCHEEI CTE D Lo IcAE—fF—8% (LT, HWH) L HE—Z OB —HE
(LLF, HOH) @2 FEXEIZ/ T T RY » 7 &7 5.

HWH RV v 7izxtd 2 U » 7REET MFIA3-1 TREND. £72, HOH b v 7 DA S
FREDOXTREND.

Pi |HWH(HOH): r |HWH(HOH) *Ei (3-1)
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P | DY =BT D HWH (HOH) btV v 7 DR
" L : HWH (HOH) ® bV v 734
E, L= bR = IN=

WIHEFRR R Y v 7 jéf/’*\ﬁﬁ?fﬂ#ﬁaﬁ 332 TIREND.

ijm

t |HWH= |:2Tym *t;"j|
HWH

T,
- CHWH b U 71T D i T
T CHWHIZBTDFEmIZED Yy —r iy = jEFTORN) v
t CHWHICBT D FREmIZL DYy —rihb Y — 2 £ TORITREM

WIZZEDOMBR R U » 71281 2 ATRIENER 3-3 TREND.

(tB *N_IHWH)

!5 lnonr = N
ZZT,
ts o CHOH (2B 5 1 Nl B3 HET D hRITRe (49)
ty D1 ABTZ 0 BHEET DhATRR (47)
N DY =BT D EEE

7, WEFEERET VI 34 ITRENS.

ro_| po A1) 4,/ 1 <)
/ >4,/ 1le ) ZA [ 116 ep)
m HWH HOH
I,
T :%&m:;57~y¢ﬂ%7—yjif®%9y7ﬁ
P Y=V iZB TS N v T DA
4, :H%ﬂy~yj@£ﬁﬁ
) CTFEmick s —rins Y — 2 TORRITRH
cll CFEBEmICE Y= inE Y= ETO RN v T B2 OfiTE
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fleper) : FBEmick s/ —vinb /=y jE£TO Y v 7 OREBIREK
X 5T, MARS ET/VOHFCHM i DOHEMj EFTOAKTBEEABFHEN v 7 ORKEE %
3-89, 3-INT~T.

Legend:

i.....source

I....PT stop at source
J....PT stop at destination
j.....destination

w...walk

wt...wait

dr...drive

ch...change

M

3-8 AHAXENIYIDEHESR

Legend:

l.....source

1....parking place at source
j.....destination

2.....parking place at destination
w....walk

dr....drive

3-9 BRAENIYTOBRESR

X 3-8 SK 3-9 I2BI1T5, nLzzme BFAEOBREESEIL, ThEn3-5 K 3-6 TREN
5.

f(tPT CPT): tl.I;T’W *SVHPT,W +th’Wt *SVIPT,WL‘

i G (3-5)
PT .dr PT,ch % PT,ch PT,w % PT.w PT
A RSy T T Sy T 4 7

Z T,
i R S AIEAZIBOER [ F TOASTRERE (4))
Sy CFEHE N S AIEAZIAOER [ £ T OATRER O FEA LR L
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Flre,ere )= (hem  SYFem 4 ¢fC0 7O xSy RO 4o Sy e Y gy Fe k7 P (3-6)
ZZT,

(e L JEHl i B HEERES [ E COBITI (5)

SVFOr R 7 BB T % COSMTIN O BRI A

T BEHES) 15 A T E CORAIGR (5)

(e LA LT B BERL T % SR 2 R

SVICT M B BB T 2 AT B R O BB AR R A

;" D BEELS J I B ) £ TOBTIRER] (9))

SVICT L BERIR U DA M) E T ORTII O T EIOFR

N : OD X7 ij ® HZH #HO EBRIRHIR R D LA

izre HERZLR kA RAESEHIM I DA ETOAFMAEITL DTS v =5
A

BRICEY T E=TANS TR T 2T A~DT Y h Py R BT 78T 4 b
MBI WEEH~DT7 78U T ) 13:03-7, 3-8 TREND.

" dce” (1) =3 N7 (0 * 107 * (1 (1)) -0.0183 %17 1)+ 0.75] (3-7)
J
et (1) = Y N (007 (2 () - 0.0183% ¢ (1) +0.75] (3-8)
J
ZZT,
Accy, FRICBITLFEmIZED Y= i b OMEFEOT 72V EY T o
i HFICBT D FEmICL DY =i DY = jETOET « B =7 DR TR H
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B OREMEERXE SO T2 TORMEY 7 ET /LOFERXE Vensim THE I N H DD,
3-10 5 3-16 (2T,

3-10 (222 Y 77 /L (Vehicle Availability) Z 7R3, ZDET /UL, HEHEE “HREOFTH R
ERFFRA RN D, BENE L THEREOF A AT & AEEEEER LT D TR R L AR A R
PEHRESNDE, WIS LT, BEEND 2032 FF TENETNOEEOKRERICL > CEHAES
nas.

switch growth car
VEHICLE AVAILABILITY " eort
P car xx ownership /ﬂ
T T=0xl Total number of
growth rate car xx JI=Uxs m xx fleet J cars Xx
ownership rate xls 1
oy, Cai‘”‘ o car xx ownership
car xx ownerhip ownersip rate rate
rate Jin ‘\_/
Car ownership J  Car ownership J
T=0-9 T=10-30 R acidente T =0
switch growth car Re:n‘lj_l_‘r.: Tt=0 Total number of
ownership car ownership J o cars
growth rate car T=0xls
ownership rate xls ?Tin'.e:/‘ car ownership rate
o, Car ownership
. rate T
Moto ownership Moto ownership J  C&r ownerhip )
I T=0-9 T=10-30 rate J m‘\_/ moto ownership
\ Motorised vehicle rate
t rship J <Residents J t=0
mo OTO:“OYI)ZI: ip S L\'ls‘b Moto fleet T fleet J Total number of
B Xls- motos g s
“Time>___¥ Y vehicle availability i
Moto ownership rehicle avai ablhn
A rate 1 car/ moto i
moto ownerhips
srowth rate moto rate Jin factor different time . share ririwslrs' d <Residen ra T
ownership Taw schedules HH members icenses employe e dm—ers vehicle availabilty
- licenses all
switch growth . Sharle car drivers <Moto occupanc;
moto ownership rate car drivers icenses oto \'“. ancy
license period t=0 xls>
growth rate car
driving licenses xls . share car drivers ¥
= share car drivers .
. _ licenses employed t=0
licenses all t=0 xls
xls
Share moto drivers
L, - licenses
rate moto drivers
license
erowth rate moto share moto drivers ) share moto drivers e
driving licenses xls licenses all =0 xls licenses Eﬁlnployed t=0 Navigation
xls

3-10 Vensim THEIN-ZEYT TETIL (Vehicle Availability)
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DEMAND OFF PEAK

Total time peak
person

<Tours peak

<trip time mode i r> ode | 1>
mode i r>

Total time peak
Travel time peak P
modeir <Residents total>
Total time opeak
Travel time peak person

person i Total time peak i

Average daily
<Residents J> travel time xls

<Residents J>

Total time opeak i /

Time opeak per

Total time opeak
person

Total tours peak

commuting trips in

DEMAND PEAK

Population
employed total

<Time> gy growth tele work w——<startyear>

input

Population
employed J

N Total tours peak i =
» Population
employed J in

Popul ation
employed J out

Percentage non
Tour rate peak xls

<Residents J t=0

Population xls>
employed J t=0 xls

peak

Population non

working J <Residents J>

Employment
rate J

Employment

rate J in
growth rate
employment xls

3-11

3-12 12321V 7 E5 /L (Destination and Mode Choice)

Vensim CTHEEIN-ZEY TETIL (Travel Demand)

ot ZOETFIL, B — T KR

LT B RHEO MY v T EFESED.

availability i>

a\'aﬂabﬂity i

<vehicle

<Total tours switch mode xls

Total tours peak Al
PEAK mode peak i
Total tours peak <rail distance i r=>
Total tours peak i Tours peak
control modei] =-___ .
Tours peak modeir  Affraction matnx‘ik mode peak xls
peak mode ir
Tours peak ii
mode tt:rac:&g; %natnx
pe t £ mode ir pﬂ
S g . <Attraction . R
Tours modeir <fPTir> purpose r> <fmodeir>
fmodeir oge'ak\/
de split ti
mode split time Attraction matrix
opeak akPTH
ope
\ p Attractlon mat.rlx -a——k mode opeak xls
opeak mode ir
—___Travel t1me opeak / o ‘
OFF PEAK Time opeak<F// mode i 1r <rail distance i r>
mode iI
Tours opeak <trip time mode i r>
Total time opeak 1 modeir
control <Total time vehicle T Total tours
opeak i> opeak mode

Total tours opeak

Navigation

3-12 Vensim THEEIN-3E Y TETIL (Destination and Mode Choice)
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threshold

mode i r>

/_"Rnad capacity
tlir

<distance road il>

T

demand factor },J

/——» tours car
equivalent R t=0

<Moto/car ratio>

<Tonrs opeak

: tours car
mode i r>

equivalent T t=0

- delay time
tours car y demand factor | fransport
equivalent I T-1 "1 tours i T=0 relative T=0
maxinmm capacity
<TIME STEP>

effect peak broadening

capacity effect peak
broadening

demand factor total
relative T=0

——demand factorir

total tours car
equivalent

Moto/car raﬁ\o_/ ?

<Tours peak
modeir>

lower threshold peak e
broadening person i>
total tours car

equivalent T=0  upper threshold peak

broadening

<tours ir T=0>

Car speediJ T-1

Car speedir T-1

free flow speed car i
rat=0xls

free flow speed moto
irat=0xls

<Time>

<Workplaces J>

deve s tresholdspeed s
B Road
capacity
Road capacity out ent Road capacity in
Yours car /_\ Development road
. ity -4——Devel it J
/_\e;wﬂlmt RT-1 demind factor R qoa‘i capaciy delay road capacity J Tt Sveloprent
. olicy i r y .
<Tours peak relative T=0 o \ construction i o
speedii T-1

. maximum
Car speediiT-1 development
minimum speed <Tours peak
car mode ir>

Car Speedir T

<Time>

free flow speed
carirt=0

free flow speed car i
rd =0 xls

free flow speed moto
ird =0 xls

free flow speed
moto i r =0

T

demand factor
car road i t=0

car speedir =0

SN

car speedird  carspeedira
=0 xls =0 xls

moto speedird  moto speedirat=0
=0 xls s

moto speedir t=0

demand factor mota
road ir =0

3-13 Vensim THEINI-XKEY TETIL (Speed Flow)

3-14 |2 BB Ok T FE % 7”9,
X0, £ OWNENRETDHZEERLTND.

ZiUE, &Y —rnbEEME X O £ ToEEEs T 2

WP by destination
and distance class

/\

. <distance mode
Attraction

ir>
purpose t

<Switch attraction
commuting>

RES by destination
and distance class

/ <Workplaces J>

share of WP per
distance class xls

alpha attraction
purposeir

beta attraction
purposeir

share of residents per
distance class xls

<Residents J>

3-14 Vensim THEEINI:-XEY JET/L (Attractiveness by Purpose)
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X 3-15 (2@ Y7 €7 /L (Trip Time by Mode) Z/~9. ZDOET /L, RBTERHONY v 7H
720 OFATRE CTH 5.

<t car driving Ir> Car xx

<bus in vehick
time 1 >

trip time mode i r

Moto

} <t pedestrian i r>
<time bicycle i r>

Bicycle Pedestrian

3-15 Vensim THEINIKEY TETIL (Trip Time by Mode)

3-16 ([ZZ&2i@ Y 77 /L (Occupancy Calculations) % /~7. Z DT /WEIE A E FERI O &
EAETOETATHD.

bus occupanc Pt XX occupancy
rail occupancy upancy peakirt-1
peakirt-1 peakirt-1
b bus occupancy
. us occupancy AT
rail occupancy cak it peak i r-mini
peakir \\ p \ \
/ f / T Tours peak <Tours peak
<Tours peak N ours pea <tours ir T=0> <Time> modeir>
<tours ir T=0> <Time> modeir> <tours ir T=0> <Time> modeir>
need to add other
mode in for both value
parking place parking place
moto e =] car occupancy
parking place moto  |occupancy rate parking place moto parking place car rate parking place car
occupancy rate out occupancy rate in Ti occupancy rate in occupancy rate out
/ ) lme"h\‘
parking place moto delta occupancy moto <Tours peak delta occupancy car parking place car
occupancy rate t=0 parking places mode ir> parking places occupancy rate t=0
<tours ir T=0>

3-16 Vensim THEINI=K&EY JTET/L (Occupancy Calculations)
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(2) LHFAY TETILOEE

AREITIX, THFRHAY7ETLVOREICOWTHIAT 5. ok, RiEY 7 LRRICET L OREE
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THFAY 72T VLS HIZ5 2OET IV (FEERBET L, FEEBET LV, FEFEEET L,
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NT A= H2 X, HLWVEEOFENED Lo bl S (EEOFEEZSI & TIPS, LR

T, ZHIFBREIZE > TH LWESZBRE T M1 THLZ L2 EKT 5. LV—7"Hl & H2 (2
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L, THIORTHMESHMIC G 2 5 EER LTS, Lo T, A0, mitimkE, B0y —
UINBEDT I T A ET ADT I EADO LT EN, EEEEAHET 5.

Land available for O Land Price
/ development \ /

Attractiveness to
develop
Rent

New Housmg Q i
+

H0usmg stock Excess demand for

v housing
Population rb Accessibility
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RP(t-T)

ab * +b”
AD, ()= P"(t-T)* Lgﬁr_T) (3-9)
ZaD *7& ( _T) +b”
= 1P (-1
I,
P°(t-T) :tTHRICBIDH L RSN ERORER
T AEEOFRE L EROIA LT T
RV(t-T) :eTHICHIT SV~ j TORREIIEER—> (1)
LP(t—T) :tTHRICET S Y —r j To LMk (F1,/m?)
a®,b” CNTA—H
FEEAEET V2K 3-10 1R T
mv b e (™ ShGr (¢ rd™*R? (1)
NT@%JWWO*cz;ebmmm;mwm;zmwﬁm (3-10)
z a™ *e J j j
j
ZZIT,
N (1) LHRICBT D Y = b OBER K
P™(¢) RSB BB TRENE
"" Acet (1) CHRIZRT DY v b O AFAEIC L DS ~DOT 7B e Y T o
ShGr,(t) SRR D Y — v OfkHOEIE
R?(t) DRSBTS Y — v TORBE IR EERr - (1)
a™ ., b, c"™,d"™ D NT A=K
FEEEEET N2 3-11IRT.
in g b acclOT (1)+ShGr, (t)*(c"” *ShGr; (t)+d™ )—%—ei" *RY (1)
N (£)= P (e)* = (3-11)

Z g ebi”*WPAcch’PT(t)+ShGr,» (eylc™ *snGr, (e} ™ Jre™ *RP (1)

J
ZZT,
N7 (t) CHRICBT B Y — v j IR AR B SRS
" Aect (¢) CHFICBIT DY = BB~ DOT 7 v B Y T OFES
ain’bin’cin,din CRTG RA—H

WG c BT 2 REEMEE T L 2K 3-12 [2RT.
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ANS™(t)= N3 (t=1)* p3, (3-12)

J

ANS™(t) ARSI B Y = i B RERT BRI s DL
Ni(t-1) eI ARITBIT DY — 1 OB s OIS

W T 1T AIRImAETEE - BIRET VAR 3-13 12T

e(a‘+b“'*Ade (e dcctC (e *LP, (z))

-1
Z e(aub‘*‘*Adei,(z}m M el (tyd *LP, (1)) 1

AN;"(1)= P (¢)* (3-13)

J

ZZIT,
AvLd (t) CHRIZBT S Y — v ORI ATRE A i
LP,(t) DHRIZRT D Y j o oAl
a’,b',c’,d’ AV

IO ORENREEX L T O ToO LAY 77 L OMEXAZE 3-18 2 H R 3-18 IT7R
R
3-18 | LR~ &7/ (Land Consumption per Unit) Z/~9. ZDET /L TIEFEEE &k
DEFEZFHET .

Living space HU o .
=0 xls Ratio Living/Built
\ up space
Living space Constructio
HU n density
changing factor ¢ \\ )/
living space Land per HU changing factor
density
Space per business
t=0 xls \
Land per High density

business

changing factor /

space per business

3-18 Vensim THEINI-THFIAY TETI/L (Land Consumption per Unit)
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X 3-19 [ +#ifI 4 77 /L (Land Development) % /~3. ZDET /LI, RO L HIPRE

[CPAFE SN M, RES TV D EHOEIGT —Z 2 BRAFE rlRE/e T AR T 5.

Percentage

Percentage protecte

undeveloped area d area year 0
year 0
Developed area‘/ ) i 3 Undeveloped Protected X .
year 0 Area area year 0 area year 0 Time to build

HU

Percentage residentia
1 developable area

to build J>

Available HU~#— ~HU

Available area
year 0

Percentage busines
s developable area

Percentage busines
s sectors dev area
<Share of sector
T=0>

<Land per HU>

—\pgli:y rededication

Recreational
green land J <Land per

business>

Rededication

<Percentage business
sectors dev area>

™

<Percentage residentia —

Land available

Land being built on

for building J

i

Built up land J

1 developable area=

A ,

E

Land available for
building

- T Land being cleard
<Supply workplace
-

enter market> N
<Land per HU>

<Land per A
business> ~ Demolition of

businesses

Demolition of HU

3-19 Vensim THEINI-LHFIAY TETI/L (Land Development)

3-20 (2 EHFIH Y7 €7 /L (Housing Units) % /R§". Z OFET /VIT LR EFEEa A R D
FEOTFELFHETH.
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Unsatisfied
demand HU dev

Unoccupied HU
=0

a
Unsatisfied demand
HU devin

Unsatisfied demand Y
HU dev out <Land available for o o lStock HU J -
buildir

/ . New HU Demolition HU

Unsatisfied demand voccupmble ?
dvHUT - —— 0 ladHUto 4

,_,_—————______—” build J <Land per HU>

<Land per HU>

Space for
residents

Potential HU

Year 0 xls HU to build J

Potential

]
Potential HU in Potential HU out
Atiractiveness

<Built up land J> —#c supply land HU development HU

kmd an 'nhll) for

Land price
ﬂlphaﬂpj Land price t l—‘ Land price t 1

Car Speed F
Betaﬂpj Land Price
.y zammaﬂpj Year 0

Housing costs out

Upper limit  Lower limit

alpha(he)—___ o, -/ -

housmg cost rate

Ratio car traffic g Land bu.smess to
build

<Rati =m'md

residents J> ? -

<Available area
vear 0= <Land per

—————®car traffic t-1 “* car traffic t Landtobuld ) eccs
sport> vear(

<delay time
trar

<Tours peak
mode i r> mode i r>

Ratto Available
Car Speed I—lrm delta(lp)—————h land -~ -
<Land HU to
Beta(hc) aamma\'hc) . / .
Housing costs <T and available for build I
deltal’hcj =0 1ls it )

demand J>

Tours opeak \
e

orkplaces

3-20 Vensim THEEIN-LTHFIAY TETIL (Housing Units)

321 [ HHFIHY 751 (Residents) 27”3, ZOET MIEEEOB(ENLEL Y

JEEBEZFHE L TN D,

— D

~  <Residents> ]
<Residents ] Avg time living at the
same location xls

<Residents J T-1

\ oin
Residents 1 T-1
relativ

Accessibility

alr) out

Share owner

Access Aftr T r
occupied housing

old income

—— R
Aftractivencss  Recreational green ber) out

(@) ™™ moving in (1) land Attr fResidents I T-1>

relative Avg time living at the .- c(r) out
T

same HU J Ratio excess demand

T relative> Recreational -~
greenland 3> T Sharefowner occupied - ) i
- hosing J relative Excess demand g “Residents per HU Stock HU
residents J L g (Residents) J

Control Sugply ]

residents T-1

Unsatisfied demand

. A growth residents
Supply HU J T: residents B

mem (1) out residents J
Houschold income _ "7 : - .
T relative <Residents I
: minimum time same  e(jout
zone specific const "~ g Housing costs J. location
relativ Residents move
;. out
<Touwd mode > Residents ove """ Supply/demand
<car distance i > TTUWHUs made Residents per HU HL'DCEUM
Potential residents available J =0 ss
move i (1) <Residents J»
/ . Residents T with
U ed demand without TOD Top ‘ .
peatisfed fer without 2 '/ HU occupied 7 Residents total
Residents J =0 xls Percentage move
- Pe(cm_taga move outi
Time inl
. . . Resdns | ™ : "
Atractveness,” Potential residents Residents Ay G - y Residents J 3
‘moving in (2 move i (2) potential if (2) - Residents i (2) Residents in 7—‘ Residents out Residents move esidents move
i i
) L Growth rate year
<Supply HUJ T y
" population T <Residents i (3)>
Attractiveness  Potential residents Residents Residents I (3)
& moving in (3) movei(3) " potential if (3) T eosents Unsatisfied demand Residente  T-1

3-21 Vensim THEEZEInf-THFIAY TETIL (Residents)
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3-22 ([ EiFIHS 7T L (Workplaces) A7Rd. ZOET /UL, THIRCHEETE D
W5 DRFE L MR A FHR T 5.

ainpr cinpr
dinsv binpr din pr

cinsv
bin S“%‘

Attractiveness MOVING g 1 supply -——=Built up land I>

<Access Aftr> b out wp

aout wp c out wp
Land :‘tgﬂable e _<Lan for \ / <Workplaces out>

. Attractiveness moving
out workplaces T

<Land price>

Potential moving out

ainsy—— - inworkplaces T — workplaces
M~ LandPricettr .
workplace Workplaces out T
<Rent Attr in> W s

sect

‘Workplaces

unoccupied J T-1 WPinJT-1 Supply
workplaces
Supply workpl; 7 Supply workplace

]

enter market o - | Workplaces T

iy
<WP in> WP in WP out

Supply
Supply ¥ workplaces T=0
workplaces J T=0 T

Workplaces sector—m-Workplaces

bu

Workplaces per
New workplaces T business t=0 xls

Growth rate WP Avg time
\ seclor/ workplaces move
‘Workplaces Potential moving in ™ Workplace i -0

> s sector
workplaces g -
demand 7 kp Workplaces in | scenario

Unsatisfied demand Workplaces Workplaces

Unsatisfied demand workplace T-1 sector T=0 scenario
workplaces T

Unsatisfied
Workplaces out demand total

Workplaces
unoccupied J

Stock unsatisfied
. demand Workplaces
Unsatisfied demand workplaces Demand gectokrPI T=0

workplaces add workplaces satisfied

Workplaces T T=0 Shm{’_f;“m
Wwor =

3-22 Vensim THEINI-LHFIRAY TETIL (Workplaces)

3-23 [ LMY 7 ET L (Accessibility) ZR"3. ZOET L, @Y7 ETILE LHF]
AV 72T VEMBIZY) V7 T 5@E %23 5.

Accessibility
Generalised
costs
Time
o <fptxxir> <fbusir> |
<trip time mode I <frail i >
i <fcarir> <f bicycle 1 r=>
access a <f pedestrian 1 r>
access time by - access time iJ<#—————access b—————M=access ir/ <fmoto ir>
costumers /
\ ‘\—/q‘car XX ir>
access ¢
<Residents J> access to wp
access by
customers
workplaces and ?
students J . igati
/ * <Residents J> e
students J <Workplaces J>

3-23 Vensim THEEIN-THFAY TETIL (Accessibility)
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3-24 |2 +#F Y7 €51 (Household Income) % 7R9". ZDETIVIFKED L H N Ens
5, NIy 7HhrroBHOHELTH.

<budget disponible
per trip>
budget threshold bu
disponible/costs dget/costs
<cost per trip>
Household income per month

<household income i =0 xls>

Transport costs per month and houshold
HH transport &

. P <Tours peak
disponible income

<Tours opeak =rail fares ir>  <car distance i r>
“Residents J>  modeir>

mode i r>

<car fuel costs ir ToD>
budget disponible

per trip HH tr it <car other cost
ISP 4 cost per trip km:>
costs .
. <parking cost
trip rate . God v
P Residents per HU period ir
. . JTt=0xls “bus fares i r>
HH disponible bus fares i1
income HU costs Housing costs per mon

<car occupancy
period>
ratio disp inc to

Housing costs  Living space HU
HHincome

<car road charge
=0 xls =0xls

period i

<moto road charge
period ir>

<moto distance ir>

<moto other cost

km>
<moto parking cost

=moto fuel costs <moto occupancy period ir>
<pt xx fares i r= ir= period=

3-24 Vensim CHEEIL=-THFAY TETIL (Household Income)
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HEL72. Oh LM TILS R D T —F— M ET VAL L TWVHA, KimXTix, £7 0
206 14 5%), 150 44 5%, (450 64 5%, (65 Ll b IZo Lz, ZOX I T5
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= (3-14)
ZZ G,
P SRR A n BEHOa—F— bOEEFE (N)
LT U= FZA A

F7o, KFa—F— FORERT, EEFBENOARIN TV HAEMBE D2 HNTHRIH L. L
L, TERICBIT2EMBIIARIN TV RNWEYD, KX TIETEROEMBELMNALT, &
a—R— MO TREREH L.

WD 105 14 %] O a—AR— b &R T —A— FORERNE, K 3-15 THEF S LS.

=L;URf4—IRf—Emfyh+Ef (n>2 and 1>1,) (3-15)
ZZT,

P DI H O a—5R— N OBEFELOYIHM (N)

TR RICBT D n-l FERHO A=K — D n FHD A—F— b ~OFRAZR

TR" HRICBT S n FEHO =R — 06+l FHO 3 —R— b ~Dfi R

DR" HFEIZBIT D n FEHO I —R— FOELTR
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=L;(BR, _TR' - DR')dt + P, (3-16)

ZZT,

BR, DRI B AR
F77, Tes bl oa—rk— I 3-17 THEEF SN D, =518, A 3-1712:3-15 2R AT 5
LA 3-8 B EH IS,

4
B =R (3-17)
n=4
4 t
POt = z(j (TR"™ —TR" - DR")dt + P}") (3-18)
~ o
Residents

Jependency ratio

e

initial Residents 0 to 14 mitial Residents 15 o mytial Residents 45 to & initial Residents 65 plus
reproductive lifetime '
o0 K ﬂ Residents - Residents | - - Residents |
e 4 TN - | 65 plus
births : maturation 14 to 15 maturation 44 to 45 4540 64 =i

maturation 64 to 65 deaths 65 plus

population equilibrium ti [Hfldeaths O 19‘1\4 Iffldeaths 45 to 64

mortality O to 14 e n} 435 to 64 moﬂalm. 65 plus

NG e ong one vear.
ortality 0 to 14 table . ity 15 to.44 morcaht_‘, 45to 64 table mmmh%& plus
table

life expectancv

Lime

total fertility

“Time>

Time

deaths g

X 3-26 BiEEDNDI—FKR—FETIL

322 NAHBHRYITETILOEE
AT SCCHEEE U 7o e fak #7%7w%l327_r¢ ZOETIIE, Y —r D NDELD)
%@ﬂm X E CTORRRE L AR OB END K Y — b O/ NI OBINFERNEH S
CORPRER LAY — /®Eﬁﬁiw SR ORHAFLPEH NS, FoR oY —E
Xl% RETHZLICL ST, &Y —r O — b XENOF AR AN EH SN, =
CCHERHBENEE Y = DY —E ABNO ARG IS S — L DI E~T — Ry 7 &,
JEEF DB D BRI ARN R B G TR IR 52 D B0 1 e b,
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ORI AEFE ORI GBI, &AL
E7MEA 319 £ 3-

X E TOHHEDN S AN

£)= > p, (0N, (0) (3-19)
i
¢, (1)
d; (¢
B ;(t)= () (3-20)
:E: ¢ (1)
j@AQ
ZZT,
PF(f) A b ST IVAR/AE S Jwﬂﬁﬁkﬁ(k)
0 CEICET B Y = | DRSS ALENER | 2RI 5 e
N, (1) :tﬁﬁﬁﬁé?~yi®E&%ﬁ(A)
¢ (t) RIS A AR j OFE (N)
d, DY =i O ANAEL B AR j £ TOREE (km)
Initial value of pf
users T=0
-TIME STEP:
o, = sl
sers increase
No ofuserf; pfT-5
Residents J: Public facnhtle: pf
User increase 1 pf T ‘th S—
users pf
<Residents J T-1> Growth ]”"ﬂ
<Public facilities SUM Public Probability of chosing i Plehc fac]lmes pt
pE: Facilities pr . public facilities i pF oo di
( % public facilities pf
Public facﬂltles pf.
) ana SUM c¢/d"2 <Eliminating m E"Mn HiAwithont pohc}\
c/dr2 { :
Switch eliminate ——
blic facilities e e P -
e PHCapam‘ry of public Distance to public Av.all.a_b!e p.ubl.lc
facility  facility from centroid tacilitiesuipt
Eliminating pulvlJ@—"" Total availab]
ittt pl otal available
e Tnitial value of pf Distance to pf from public facilities i
users = il ttractiveness moving in (1)"
R 3-27 AHERYFITETIL
3.2.3 AHY—ERYTETILOHE
R SCTHER LT3 — B 2KHEY 7 £ 7 L2 B 3-28 38 L OB 3-29 [TR”T. ZOHTET L

1%, i

RKA~OBE 2 2 s L ORI

L — X @mENEMICHEET D7 DITHEE L T-.
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INFEY— VR ET

REfE DA
I OEHKOFEMIL 16.1.1

fraf Y —EAENY - DEEEROS
ERBAICH T 2HHER Tib

e — ROMER LU — 2 DA O ELH B A
X ORI L O HMME D S FH L.

i EX AL D SIE
FOETHD.

~D.

Car b}eedlpfi b‘«lf
emand factor car
road 1 pft=0

minimum speed
car=

free flow speed car
ipft=0
car speed 1 pf =0

ility from

r parking searching p ar parking

free ﬂ(’t_‘T E’E‘Id car i Total travel cost per b i
Oixds TN - sty st by car/M
¥ - ;l'(’;’;?; » prs by cer Corrected travel cost cost by car SERPH SR
) by car per prs
King, o Valking time & E B
car Time cost Residents J
yig i Y ~ . i Minimum travel
Distance n‘ :,1ﬂ ui Car dﬂi‘ u;g time ek i . Travel cost by car Teotal travel cost Total travel cost by, o SUNM travel cost
1 centroid P per Pﬁ by car car/Mil by car/Mil

Minimum travel cost
by car per prs

Minimum travel cost by
car per PF per prs

Total mini av Total minimum travel
Total minimum travel »

time pf t=0xls searching time pf
Avi 1|hhle PF travel Available PF trav t‘l Available PF travel SUM available PF
cost1pf cost ipf/Mil v i
dlkl:]kiullﬁlf topf Walking time to pf cost per prs i pf P stIp! travel cost i/Mil
3 Ratio using pf Tt evailabis ;
No of users pf> otal available - Available P travel
public facilities i cost iMil
Residents: lable ‘H blic
fac |Im
No of users pf=0
- B “ —_
X 3-28 AHTF—EXKEHTETIL (BEIX )

facilities i pf’

Total available
public facilities i

Residents J=

Available public
facilities residents 1 pf’

Residents per

v
Available publlc__._ Available public
facilities loor areal p

service area pf Service volume pf—-—%

~.

Floor area pf’
Total administrative

4 S
No of zones service volume i

Aailable nublie Administrative _______Count administrative
facilities i pf: services volume i services volume i
Administrative

services volume 1 pf’
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TE, WAERICHEE SNTERBIBRZEE R, P, AR D RS DINAR L OSH & #E5
THZENARETH SH. BEAFD MARS [T OM B AT AL L T 57, A8 T O FBLEE
PEZ T T 2 72 DI AR ST MBUC T 557 L b LT,

£, TOETATERLENAB IO TH S, AT BT~ 2B OIS b OYLADR
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FrE s i, AR BRI M, NLEWCER, #OMBERMBIE, MOMNTHORE HAihe) &
XHEER L, WABIOXHOKEE OFEHAIL 16.1.2 TRBRIZH T D 0HEE) Tk~
5.

Tz, BiAEHAHEGET VAR 3-30 0B 3-34 12T

<Time
Population
<household ncome : wl‘ ]
Tax rate 1=0 x5 CHLPIOY S s Residents I
\ Ratio residential . .
; «——Residents densi
Income levy per No of taxpayer Are 1y,

capita “Area-

\R - / Total residential
esidential tax

* L’///"' tax/Bil
Total residentia

tax .
Total fixed property. » Total fixed property
‘ / tax [res land]> tax [res land]/Bil

Total tax revenue

SBnaE Sltuatlo< ‘\'Tora] fixed property ; Total fixed property
Total maintainance tax [house] tax [house|/Bil

L costs of public facilities
Maintainance cost

factor pf

Total maintainance Total maintainance

"™\ faintainance cost of e costsperpf costs per pf/million
public facilities pf

M 3-30 BEBRHAHFETIL EAERBEIVCEEEER AfERMSFEEER)
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Built up land J-—————#=Residential area

v

Residents J

Teaden J—-_Rat.able value [res » Ratable value total

Fixed property tax

Fixed property tax > Total fixed property

land] [res land] [res land] tax [res land]
Standard tax rate
[res land]
Standard tax rate
[house] Land per HU:
Total fixed property. Fixed property tax Ratable value‘-_ HU oooupied I3

tax [house|

[house] [house]

Ratable value per
floor

3-31

MEJREAHFET IV (AEEER)

Total delimotion
cost

Total delimotion
cost/Bil

Mo
Total residential lancke—""
of moved out —E———

ed out HU

Land per HU

Delimotion cost o
residences

Unit cost for
residential delimotion

Total delimotion,
costi
<Workplaces out J>
Total business land Workplaces out J

of moved out  —u1r_
Delimotion cost ol""/ Land per business:
workplaces -——_ .
Unit cost for

business demolition

otal delimotion cost
warkplaces

3-32

MEBEAHIET IV (DNHTERBRANER)

Total artificial
afforestation cost

Total artificial
afforestation cost/Mil

Total cost for artificial
afforestation

. Total maintanance cost
Total cost for artificial for artificial afforestation

afforestation/Mil

Total maintanance cost for
artificial afforestation/Mil

Switch forced
emigration= Land per HU
Artificial afforestation,

cost i landuse

Developed area for g —————Moved out 1>
artificial afforestatiorr®———___

\E and per business>

Artificial <
afforestation cost 1

Attifical afforestation : e WP out
costiT-1 <Unrestricied zone: Unit cost for artificial
afforestation
Maintanance cost for Maintanance cost for reloped area for .
artificial afforestation | tificial afforestation artificial afforeastation Increasing

landuse developed area

nit cost for clean-cut tree

Unit cost for thinning tree
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Subsidy for residences
moving in consolidated
zone

‘Switchprovide  <Provided subsidy

subsid zone>
Switch provide
subsidies

; A Ratio subsidy to
Ratio subsidy to HH yearly g yearly J‘;sp

disp income object zone i income
\- HH disp

meome>

Ratio subsidy te HH yearly,
disp income chject zone I

Amount
subsidies J

To "Attractiveness movi

Total subsidies————%

Time

:

~HU occupied ]

/

New HU in

consolidated zone

- 5
HU occpied T T-1

Increase New HU
consolidated zone

Provided subsidy
zone

Total

subsidies/million
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33 HWEMTDERERELETIERAOLOOT—4EE

3.3.1 XREHTDEE

AKX TIE, FERTERZILETE L GRE L. B 3-35 IR T L9218, TERTTER
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3.3.2 XNFEMHEOV—U 2B LEKNBBTHOESR
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#3-1 HRECHEIIVET—4—FE

No. 7544 Variables BAAT Unit
1 JE{EE % (The number of residents) persons
2 B — E AEF D F%5 %% (The number of workplace in the service sector) workplaces
3 1000 & 7= © BEHEDOFTH (The car ownership) veh./1000 persons
4 1000N & 7= Y @ s B O A (The motorcycle ownership) veh./1000 persons
x32 WHELM (RAS—T—4) TRELELLIT—H—E
No. 75 ¥4 Variables BT Unit
| MERICBITOE Y —VIEATVWIREEHZY OFHEE N v 7K trips/person and
(The average number of commuting trips per employed residents living in each zone and workday) workday
2 — ANH 720 OF¥H 4T HREM  (The average daily travel time budget per person) h/person
3 A2 5] - B9 E T oW cars
(The average time span until a household moves out of a domicile) Y
4 FEMER TR A B D (B flats
(The number of housing units which the developers start to construct in the base year)
5 E— 7 R 1 B P AT o
(The average walking speed of pedestrians in the peak period)
6 T TV — T BRI R T D BRI T E Kn/h
(The average walking speed of pedestrians in the off peak period)
7 #H LW BHIE 0% (the percentage in new developments) %
8 /BB HEE (2 minimum car speed) km/h
9 W - FFBH LY v IR T LHBHEE ZHEOKMER (FHREANE) ersons/veh
(The occupancy rates of cars and motorcycles for commuting and non working trips) p ’
o REHL BRI DT 5 BDEL RO R TRA T y
(The percentage of employed and residents owning a driving licence for cars and motorcycles) ¢
11 AEhE & “REOBREIEE  (The fuel consumption of cars and motorcycles) JPY/km
1 REHEE TR T 2 M ERFIED HRANT A —F L/km
(The parameters for the equation of the speed dependency of the fuel consumption)
53 BBy & i AR o B R = 2 b IPY/km

(The other distance dependent costs of car and motorcycle use)
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£33 Y—VEE (A7 LT—4) TREELIT—4—E (1)

No. 75 %% Variables A7 Unit
1 JEEZE %% (The number of residents) persons
2 J& A% %% (The number of employed) persons
3 LY HHEFUN N (The average household income) JPY /month
4 — A IZ BT DB EEK erson/flat

(The average number of persons living in a household) P
5 —MA B OVEYFEELH (The average monthly costs for housing) JPY/m?/month
6 HH Y720 O JEFEmFE (The average living space per housing unit) m>
; ERERAT DO EERROE (REOHA) ot
(The ratio of living space to build up space)
g MBI DEE RO flats
(The number of un-occupied housing units in the base year)
9 k¥ D %% (The number of workplaces) workplaces
10 APER &Y — e XM OIS o
(The share of the production sector and the share of the service sector) ?
1 AEFEER & — R 31T D TR K workplaces
(The average number of workplaces in a production and service sector business)
n AEFEER & — B R AN 5 D D R )
(The average space occupied by a production and service sector business) m
13 BB & i # O 1000\ %472 Y O FTA % (Car and motorcycle ownership) veh./1000 persons
14 K — > @O (The area covered by each zone) m?
15 KB H D E| S (The percentage of land which is undeveloped) %
16 FRECEELBN E LEER N e Lo HI& o
(The percentage of the developable land for residential purposes, commercial purposes and protected) °
17 V=V NIZBWTAEERM LY — R ORBRTFRINTNDENE S » Yes/No
(Whether production sector and service sector development is allowed in a zone)
18 +- Dl ks (The price of land) JPY/m’
19 HEhBE O HEEIT5] (The distance matrix car) km
0 T 7o B BE B85 F C 0 P K AR AT I ] N
(The average walking time from origin to the parking place) 7
2 A ML IV CEEBLI, & PR T 72 D IT B & 7 2 SE R IRE ] s~
(The average time needed to find a parking place at the destination) 7
” BEFY 7 5> B O HLE C 0 F 515 7 IS R
(The average walking time from parking place to the destination) 7
23 EWEEE RIS (The long term parking fee) JPY/stay
2 Y= NORMEEES O & Y
(The ratio of long term parking places in the zone which is charged) ’
25 I L E L4 (The short term parking fee) JPY /stay
26 V=N OB #EY OF G o
(The ratio of short term parking places in the zone which is charged) ?
27 REIMBEENILELR MY v T OEE %

(The ratio of trips which require long term parking)
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R34 Y—LVEMN (RYMLT—%) TREERDET—H2-E (2

No. 75 %5 Variables A7 Unit
1 HEhE OB HIcB T 528EE (Matrix free flow speed Car) -1 km/h
2 FT7 =7 BRI 5 BB HEOFEHEE (Matrix actual speed Car during off peak) kmvh
3 E— 7 REICRIT D HEEOEEE (Matrix actual speed Car during peak) km/h
4 F 7 =7 REIZBIT D EH B I R IPY i

(Matrix actual road charge Car during off peak) P
5 v — 7 IR IZ 31T 2 B B HE B R IPY i
(Matrix actual road charge Car during peak) P
6 N FAZ @O PR HETT S (The distance matrix PT) km
7 ANIAZWD 1 HIIZ LM L EHOTERE (M) v 7 R) min
(Matrix average dlstance origin and destination to the next PT stop) )
8 FT7 =7 BEONIIBOEITHE (Matrix PT headway times off peak) min.
9 E— 7 BEOALZEOEITHE (Matrix PT headway times peak) min.
10 FT7E— I RIZBIT HALREDOFTHEFERM (Matrix PT Changing time off peak) min.
11 B — 7 BB DA AZE O F ik ] (Matrix PT Changing time peak) min.
1 F7E—IRICEBITD1L MY vy T Hic) O BOESE PY
(Matrix PT fare per trip during off peak)
5 E—ZKICETD1 M)y T Hiz) ONLZEOEE PY
(Matrlx PT fare per trip during peak)
14 F 7= BB 532D =7 (Matrix PT share bus off peak) %
15 E— 7 BRI A3 AD Y =7 (Matrix PT share bus peak) %
16 F 7= BFICBIT DN ADEE (Matrix PT speed bus off peak) km/h
17 B — 7 B2 B D N ADEE  (Matrix PT speed bus peak) km/h

*Z25 7% Guidance to Data Collection Using the MARS Data User Interface? % J: (2 /ERK
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341 MARS OFtEAFZEBELULZalL—2 a3 vDET

A TR L7efiatos— Y o b U o THEORERN GINE LR AT) T — % %, Excel &
N— 2 AER S TWD MARS DT —H% A7 7V -r—3 3 > lnterface] ([ TANTH. 2D
TV = a AT L2 T — 1%, MARS OFIHIE L 720, Vensim TREIR S 72E T /VARIRIC
HENIZHEAAE LD . MARS BT VAIKICEAAENTZEN DT — XL, Vensim D> I = L —
varvDEITETDHIE THENFITINERN/HD.

F72, MARS RIEDOFHEME AR 3-41 [T”T. tFAREFEL L, [ZEY7ET7 1) — 1

FA - FE 7270 - THHFIA - B 72570 CHERK T T L t+1F0 (8my 7
ETV] OB IR UHEN t+H29 £ TiThivsd. £72, MARS 5 VO SEE T (2@~

ETIV N AE, THHRAY 7T V) BRSEEZFENUETHD. T M E - CTEHEHE
BRI D780, TR - (FEY 7270 o (@725 R (778807 ) ~E

MR LHE AT D.
Transport Speed/ Transport Transport
sub-model flow sub-model sub-model
Accessibility Accessibility Accessibility
* *Spatial * ! *
Household distribution Household . Household
location sub- < location sub- . location sub-
model / model / model
* # new housing
s {/I 7 v units
«Spatia . i
Available land distribution Available land Available land Available land
+ «Available land + . +
Workplace / Workplace ' Workplace
location sub- location sub- . location sub-
model model model
3-41 MARS DitE#EE
A LIZBIT DY 2 2 b— g OFETHRBIL 2010 05 2060 4£F TO 50 FERITH D, TH
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