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ABSTRACT

The major concern of this paper is to investigate the properties of a stochastic equilibrium
for each model system in terms of a consumer welfare measure. The primary assumption for
this stﬁdy is that a trip—maker would choose the trip from his origin zone which maximizes
his personal welfare. This assumption, finally, leads to a singly constrained gravity model.
The consumer welfare measure is derived from the concept of expected welfare of randomly
sampled trip—makers.

Each of the four different models considered in this paper is differentiated depending on the
complexity of its model or the definition of its travel function. In this study, three different re-
gions are chosen for the purpose of taking into account the effects of different zone—systems
on the properties of a stochastic equilibrium: (i) Archerville region (5 zones); (ii) San Fran-
cisco Bay regions (30 zones); (iii) Houston, TX region (199 zones).

It is concluded that almost identical, "global" consumer welfare values can be obtained in
some cases of the gravity—type trip distribution models based on a stochastic equilibrium.




I.F E

EREoETY ¢ f¥osA ENETY o
& AEFQ we FETEMNG S9E AFE2
Z g glo] F2 REEY BTES &G
BHERE 2o BITEMFAE(F—factor), 181
K—Factord] ¢j&l +ets] A=l o

B =2e HipETENF Work—to—Home

(2" 1.1) BM&

Journal of Korea Transportation Research Society Vol. 12, No. 1, 1994

E9d YT EHET BHEEY A2E AER
R, FeEfy B°8 (stochastic equlibrium) & Erh
2 & ZPE/Ee] B Aol ((2d8 1.1
Azx). o] NN E 7 o T MK BITE
A ol ¥k bHFAAR 2 ETE AR
BER SAdgel F-—HEIA Zsidd. 59
gt (base year)® EXol4EIHELS E
Aol §R & o] g3t} BREE] WEOE &

THEERAL
of % BT

CW=f(L'\N)

No =g Yes

57

' A B
Lemmcccamaeoa L1, N
3
L=Lt
N*!'=N! /
P 4
-
............... HUE
weeg L | LN

) CW(RIREHEEE), 0(EM(E), t(iteration t), L(IMFIAHT SME), N(BEESH BMUE).

§f(projection) T, FPA £5A3E £X=
Hpegre] Ry e oo A (start-
ing values) & ol83to] BRFES) KBC S &
59}, o] Cochrane(Cochrane, 1975)¢] %
9§ FHeys} pdd AEEGEL (consumer
welfare) A& HEZ o2 Hesla £ d79
FggERel U@ A o &3

. 3

B AT gRolAle B AR X

(2.1)3} 2.

TG=EiP jicveeveeencrnreecens (2.1)
o714 .

Ti= &% j&79| i (expected) ETE

E= ig&o2 e 2Ash: i (expected) HITER

Pi= i®02 3| wste old o] jBo2 #Y

g zA% 88 (conditional probability).

o] P,ii= &9 %35!/ (measure of attrac-
tiveness) 7 &3t YU 4L Svishe WFE
FezA R(2.2)9 o] FEISF AT

= _YLW'&’(C&') ..............



KBTRBEHE 28 £ — 9%, 1994

o714

W, = j&92] #U8 (measure of attractiveness)

glei) = i€ &) Tgu| o4,

WiE oS3t 2o] j&9 1l (land use)
% Fi{854i(income  distribution) & Yehl=
MY W$EY $42  FHST(Putman,
1983), R(2.2)& R(2.1)9 Ygsta #(2.3)
o] =&dd.)

A7 L= j&Y mje) EAjolg Bams
Ny = j&of QolM 2 &5y (Al &
@) YA 2FPASe g HI%
T &= 784 (parameters).

B a7 gl R(23)2 i J3o 53
A9 & AT Y FEMES Jehus, 29
o FEERH) BB (stochastic choice)2 FH3L
ATt ol dia) fiis fIES Ul Ex)o)g
23L& 29 F71A) % (Putman, 1991)0 2
&y

AKX e FI27} 4o os) Kiseeps
(t—1) iEp(activities)d] tha oj2dE(t) &
FH& vldele] HEER Mg S o)%
I 7. 4§58 Exolgde (%
2.1)3 2}

1) & 47014 #3[H (measure of attractiveness) ¥ &
TTRATERS WS 9 7S ztziol ois) BifS4um(A
£5, FALE, FAS, AS)EEZ @S]
(disaggregated) 9l°\}, Notation®] 38 948 of
& Bwetls.

(E 2.1) SV HHFIAERS| BAR HibF

RX
Fig B9 HiFImR
t 1. N§
BER DORR L=l (]
Et
EAERT BORAR | Ly =L 5J ——¢ EEr]
: t-l Ec’g
PR ORI il —ptr]
#)1-1 = 7IRdE, t = dads

t
Ly = j&9 787 (residential land) =A

L = &9 7]288x) (basic industry
" land) 2%
Le; = j&9| 4983 (commercial land) F&

N = j& ARd 2T9x4

Ey; = j& %] 72494 147 (basic in-
dustry employments)
"Eej = j® AW g 2224 (commercial

employments).

A2FEE (F 2.2)9 o] 7 454 EXo)
$40] Log—Linear Multivariate®.0 & 745
o it}

T 7 E A o] 88 EXHZHo] o]}
EARR Y 39, HEge 2 &0 2ExW
Hoz HHEA.

¥ 47c 289 B (complexity) Fx7}
853 B3 249 vXE IR g wegsy)
A8 (E 23)3 o] 4% Yoz TRIY
o},



46 Journal of Korea Transportation Research Society Vol. 12, No. 1, 1994

(B 22) 5288 HHFIRERS BAR HHHIAX

Rz ES THFAR
HER HFER | L=kl SLELENYNELY
EAEER DOFAAR Le=gol SEGLELELE
ESEE Lg=pll SEYLFLELY

i) Ly = j& AFY B BTHEE 79 R0 R
Ly = j&o| B ZAEFRMEE T B4R mit
Lo = j&9 B MRRHNEE 5 it it
Ly = j&9| figst 23
Ly = j&of SloiA 71243144 ulg
Ly = j& SloiA 34184 vl
Ly = j&d 3o FALA ulg

Ly = j&9 x93

Ny = j& AFA AoIH H2EP(low income group) THAT LYo U@ v &
Ny = j& AFA o) glojd 14E ek (high income group) £3x14-0] 228 x10f it vj
Ey = j&of 3lolA jE4A I3y 724U nERY FngAGol gt g

Ey = j&o folA j&aA ABY Adngare] a8 dF vl

k0,1...,6, g0,..,3, P0,...,d = LR parameters).

(E 2.3) 2% #dol ©E ES

&% i) 510 He| @R TIERIFERR
Bt Ly Ny Ny SHUERI(Le s gt 27)
o 1 Lo Ny g4
B T Loy Ny BWUER + oY
soEsn e Ly N FISH + 2R

&) Lei = (Lg Loy L)

N'j = (Nljy sz, N:i, th)

Ly = j&9] 7wl (vacant developable land) =13

Ly = j&of sloiM 71| (developed land) B vl&

Ly = j&Y $A2] (residential land) BF

Ny = A4S (low income) Yo TP}
%34 & (low middle income) I BFAS
3314E (high middle income) I 28z}
345 (high income) I Tz,

Ny

&
"



AELTELGE T8 F— % 1994

IL. sBfTReaol AN R Eisht
I288(Consumer Welfare Th-
eory)

Marshallian JEZEFER RS Holtelling
(1938)9 93 n fES Eigel lolX FERsY
Q1 8t (simultaneous changes)7} Yoju= 7
+& 183 —H§7 4 (general equilibrium)FB
WMOZ WAANZAL. a3 TEFFAME dy
EXolBAYSAA T TEHERY vaE
Hog HEERR Hiol ANHYE, Fa
SASRE Tresidder et al. (1968), Neuburg-
er(1971), Cochrane(1975), Williams(1977),
Wilson et al. (1981) 5& & % qit}. & =&

47

& Cochraned| 9J3] AAg 0|8 B A9
4 gA 3, Rasd.

1. RIS 7k (Cumulative Distribution Function)

ofm L@ A4 (common underlying
distribution) 2 $¥ nf#9] J&7#4A (indepen-
dent samples)Zoll X 714 & B ute BE
AAERE (cumulative distribution funetion) &=
¥(u) = [F(Il 23] Foi=)n, o F(u)
€ o9 FYJfol urth FAY e FEEL
ojuj e},

Y(u) e EXY #71 FR2 5 o]4o] g
F(u)9 ddze] Y2 93] AR5 8z, Bt
Exponential &gl 2% F(u)#49 Approxi-
mationo| 7}58B 2 oS o] FHAL.

ulch g WX
F(u) & ¥(u)

—

/<- Exponential
/ [ Approximt_i_og —

ot

<- F(u) (M— HTH)

—

-
-~

/U
2

U(miT A

(A" 3.1) FTHAS RANHEY

Ww=[F(wW]*=[1-¢"* 91" . (3.1)
o7le]l BARIE H3T A Series Expan-

B2) ueRd, 2329 | It SRNYUSE exp(-ory)
&, 2829 1l o, 22 P45 Yt 74, o
= ®i% 210 3YuI8L, o, fi UPASE vehuch,

33) 71BEVE AZUEna] SHEGIME) B (activities)
o 7IEdES] 28 WARE 39 Jlee Exolgss
¥ 99l 28AHEHA T YEEARAS (A7) 2
EAolgside] 202 A4, WY A2E BEo| o
202 37l o] 271EEL TIRY EAolgsEol
ohd H2& Exjolg SR (A249)o] a4 Wach
£ gnlg.

siong o]£-3}9

In [F(@]= ~n[e%0+25%-0...](3.2)

2 FRE RAY e P(u-Do] AYn, Series
oA ALE o]Fe FHL FAE 4 glomg
¥(u)e o3t ge] Fegch

¥(u)=expl-ne -ﬂ(u")] ........... (3.3)

Tl oW & djE  RE4HEE (destination
opportunities)®] < n7} O3 o] Hi|H
(measure of attraction)& UEMle Wol Hf
3= Aoz 7hgdna

D= pW, covvernneeinnerneeennen. (3.4)



48 . Journal of Korea Transportation Research Society Vol. 12, No. 1, 1994

a9 jEoge] Fifel sl

¥(u)= expl-pWje P* ]

B AN igozREH jEog REET
(optimal trip)°l]‘ o3 WEE 7t (consumer
welfare) & 1 B804 B8 %08 ust EA
cd] zolZ AYs7|2 Frh. ojd] Wt sy = ui

— ¢ o]43E R(35) e TS 2ol ¥E
g 4 git}(Cochrane, 1975).

U i(s)=expl-pWje “Bls-tredy ... (3.6)

2. B4 EHREY 3R

2HAEA o]gg] {HAA iEL2TE KE
gieel dg) jEog o] o] Foid BEL jE
o2 588 7% AFHe RABIKE] od
ge 24 o8 AFdHe AdEALERY 2
g3 2o AN 1 RS

Pr-= f V() LU (e)ds -+ (B1)
R(3.7)L AYsA
Wie ~Beij
PI' = _L—:ET ............... (3.8)
%Wke

igo2ye M= EETEE E2 399
9, i@ogdy jEoz9 HEETEE Ut
e By iﬁﬁﬂ:] g

-TU E; %Wke‘ﬂcaz

waha 4](3.9)E 239 4(2.1)d 4(2.2)
g yge A 2e .
3. ATeHIEAL (consumer welfare) S|
igo ZRE BEET o3l olFoiA:= WK
Higitd] A RESHEH (cumulative distri-

bution function)+<

3t4) 2= 718&(origin zone) 22 FE A9 A
(welfare) 428 Huistsh= 573 &(destination zone)
& dgdc: 2.

v i(S)= TJ[‘I’ ij(S) ................. (3.10)
v i(s)zexp[-e"‘pe“JZW,-e R IPPU (3.11)

(3100914 Q= peE Woexpfers) ga)m x=
fs2 B Fix)=exp [ Qe ] 221
Vi(x) = Qeexp[—Qe*]E 4& & Uk
Moment Generating B9t Gamma HES]
AAL ol g3ty x9] FF%S T

Gt)= | o e"Qeexp(—Qe™)dx

.................................. (3.12)
Lolt) _ [jnQeds 3 (F 170D
Gx(t) eveneeanninnniann, (3.13)

LH|AEA g HFL R(3.14)4 o3 &
ozt

[ath(t) Jeo=A+INQ ereereeeenne (3.14)

o714 A(=0.5772...) = Euler ¥
geha o2 RE oW F3ho UF FH K
-¢-1-Tin=

CW,= %[/1+ln{pe BEW,ebes}] -+ (3.15)

a3z RE B34 U EEEEEL
(Cochrane, 1975)=

CW = LSE[1+In{penTWeP1}1(3.16)

N B = iE Ayl 3UR,

R(3.16)& T3t 2ol FE £ Yok

CW = [ SEM+1n (pe " 1+ +=
Biln[ W 2 Rk [REREPE (317)

REINAN L o B oI B FllE2

g3t o] AA3EL + At
CW = o(ﬁﬁw—% SEIISW e ]



KREZERGE T+ 6 5 — %, 1994

4. BFEEL Yol EClE B

e K(3.5) oM HLEREL, si=u—Ing;
g 7%, igoavE jEomY MHEE
T& Tise o3 2] Flgn.

IECEREY ofd F3d] U Ty HEEG

fik (mean consumer welfare) =
CW,= %[l+ln{pemZW £ (3.20)
J

JEE BE Y4 o@ mEEEE R
(3.21)3} Zo] Hgdrh

CW =0(%8) + —[13— SEMISW e i)

V. $#3849] 5 (Calibration) 3! #%
5£(Supsﬁmﬁon Method)

(E 22)9] A29Y EAo|§uIAe 29 Lg
—Linear Regressione] 2)3) oj7jai4-8 @Rsio,
K23 U Z =2 YN Pumanst
Ducca(Putman, 19807} Putman & Ducca, 19783,
1978b)0] )% S H(wp end) Y AP
& 3831 S48 o Gradient Search®
227! Non—Linear Optimization ProcedureS AR
ST Stk (X 23)9) B2RRL EdE A4
¢ A9sd oot g

Wexp(-Be y)

Ty=Ei >j:vff,-e§p(—ﬁé"-,->

AR W= Ly " Ny® Ng¥ - 42
A7 AR E WS W wlAse s e B
@ vish 9,
Aol g B K(43)7 22 Likelhood
48 o3l S8gn.

49
714 Pj= ——le‘L .................. 44)
AR/

4714 Ni=Z T=iEAZ BdAe e &
1
N4=IT%= jEA% SuAe] FHRE 8.
1

Tl K(U3) A N*7L Poll fREgohd R(45)

E ¥EEq.
L= I,I N*; B rrrrreerrreeeeeens 45)
oA R(45)d BARZIE A
InL= JZ_len Njroenieiieeiannnn, (486)

2)3lo] Noj BlfiEs} FHEE Alolol AT &
B(parfect ft)E 913} 021 L3 B+ Likehood Crite
nn Fncting: #h=& Z0] 7Fs381t). &,

L'= '.?.len NY- ;lean ....... @7

o] ¥4 N=N* 28|1 L'=09 24 §

WX E Zed. g2y A 1, & & 47
9] Hu|&(partial derivatives)Zte] 07} He L9

e T3 A4 Uy 2o
2 = SRS T ne s - BSC,
expBeid Y veriiiinenneenanns (48)
4714 Ty = R4 1)} FS.
aL ST N;
a.'Yl - 7 ' N".][‘ZTU{InLli - B,'InL,,»
.‘?W,‘ exp (Bl ceveesencnens (49)
‘:Ig; = A?[.—IAG{T][‘ZTUHHN“ - BiInNy
2Wi expBei))]eeneennnnnn. (410)
L .
??54 = ;[ —%%][‘ZT#“HN« - BilnNy
;Wk eXP(Be i) M evroreranans (411)

7140 shisel ghe tiddaldd Lst o)) of
¢ Ho) ¥ (partial derivatives) & A]A4sH gk o)
Bo)izte] 29 gtolw Lo} Auighe 7HIES &)
ol (erameten) & Z7HA17)2, vk fagk
oY Y iARSE BT A9 Zgmg WA



50 Journal of Korea Transportation Research Society Vol. 12, No. 1, 1994

02 Gradent Search 378 34 90t?

L OggoE B AN ORAe FHUER
3 9] &)%Y (solution method)g A EI)Z gt R
(23)9] fE(schtion)E &7 B A% 207}
£o]3A] gr}. o] Eel Houston, TexasX|Y A&
19802 FAHY, 4359 BE FER
BEfios 7S 27 796709 EFXE 7R
FEET (non—linear) #Rlo] FT}. o]& E/|NE
RE o2 A Successve Substiution Method7} AMS-
P rHPearson, 1986). o] Wie] o3ty 4 4F
9 97 ASAZC dg] AAA BAEE
BITE EELHEY T $E8 Eoh ol F £
BERES ETE HEMMEY TuE Ed2 ¥
o5 A1WA LerationFES R (23) A
o] R& T4l tis) Fob o] A4L kA% k+
MA g /b oW EEEe  AfEE
(prespecified tolerence) LIT2 Zolduj7ta] A%
gk 9 o] Wo] £ AdE FLE Sle
o], o] 7<% Newton's Method$} & E3§ 32
o) A3 oo} §r}(Pearson, 1986).

V. &R

E BN dfold BESREE HE

HigEEzte] e (¥ 51)7 2t o}F EdE
BFE 2A3E el B9 EHigERY A%
&3 B #HTE 965 Jelis HH lerations
o} &5 BES R 58 Jdeidle WU b
erations Z}7}9] Adjustment Speedd] w2} 2749
Zz g goz ke HERERILHE 4ET
U (2 51) 8R), B L I, 09 3+
MAPD(Maximum Absolute Percentage Deviation)
05%0)3t +EoA Bu FAgk AR FAYo]
A9 A—¢ Glbal HEERILHE dS3AUT
(29 51) 2 (¥ 52) F2). &= F5E AL
BEER 11, Mol 4 Houston, TXX]9(199€)9]
A% TAE A5 Bolx e A& KF Net-
work A/ 25 Emord] EHE 7heA]
Ae Ao wadn

(H5.1) 17 MEHRMER] BORIRR

SM Ml oMl | OMIE
A T1 T2 - -
S - - T3 -
H - - T4 i\

25) T(Test), SM(BIFHEETY), CM(BEHEERD), A(Archervileits
3% 1 5%), S(Sen Francco Bayis® © 30¢)H(Houston,
TexasHls; : 199&).

Archerville region (6 zones)

72

——
A_ SHH-1LU
71 e
; \0-—-\ 211
——
A I 1H=1LU
[ 1]

Cormumer Walfars (Unit: 1, 000)
(@)
H
M

Archerville region {5 zones)

32
——
IH-1LU

.-
1 2HH-1LY

——
1H4=1LU (EZT7)

30

o)

za{

27

Consumer Weifors (Unit: 4, 000)

28

8 10 15 20 25 30 35 40 45 50 55 60
. Neratiors

(a) BFEER! — A

(b) ¥ERBI | — A

#5) a7lMe gote] &3-3E glUA Search Procedure’} S3t& 7HA: 48 ZA€rh

#6) & 299 Fudste $5o 49 AU




KRBRZEPFE B+ F— 9%, 1994

51
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(55 1) f2l(measure of attractiveness)Z} E5iH|2 ojzfgisof FAZT}

7 2 Bla) g 72 T3 3 & 8 & R? LC
oeRy | LI | 0.2 - - 0.90 2.00 - - 0.90 0.91 0.90
(A) HI 0.1 - - 1.50 0.20 - - 3.00 0.94 0.92
3=y | LI | 07142 —0.2362 0.8768 0.7243  3.2504 - - 2.5031 0.8524 0.8958
DA HI 0.9946  0.1874 0.5230 0.4175 1.3808 - - 4.8453 0.9935 0.9897

LI | 0.2300 —0.4524 —0.2784 0.9334 6.4197 1.0840 25775 —2.1109 0.9107 0.9016
E232Y |LMI| 03340 —0.2644 —0.3106 0.7845 20278 5.1027 —1.5228 —1.2600 0.8954 0.8914
I(S) |HMI| 05621 —0.2000 —1.0547 0.7631 24531 1.1708 4.4382 0.7465 0.9043 0.9031
HI | 0.4767 —0.2541 —0.5501 0.7727 2.5494 —2.5436 2.3293 3.6511 0.9306 0.9349
LI | 1.1459 0.1499 0.4492 07903 4.1829 3.0780 —1.2793 —1.2793 0.8353 0.8742
B2y |LMI| 1.0386 01400 05905 0.8129 —0.4132 5.8394 05943 —0.9088 0.8496 0.8795
I(H) |HMI| 0.0939 -0.0455 0.8128 09200 —1.3338 2.8092 3.9091 —0.2905 0.8354 0.8651
HI | 01187 0.0260 1.0089 0.8653 —2.9102 3.7572 1.0410 3.8975 0.8086 0.8836
Ll 1.4145 0.1375 0.7528 0.8391 4.2088 3.0816 —0.4761 —1.4210 - -
E£32% |LMI| 1.3666 0.0994 0.6656 0.8771 —0.2716 5.8424 0.6008 —1.0795 - -
W(H) [HMI| 0.9546 0.0533 0.7767 0.8754 —-1.2169 1.494% 3.9403 —0.6066 - -
HI | 1.0500 0.1091 0.9055 0.8256 —2.9487 1.8645 1.0676 3.5153 - -
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2) LC(Likelihood Criterion), LI(Low Income Group), LMI(Low Middle Income Group), HMI(High Middle Income
Group), HI(High Income Group), A(Archerville Region: 5 Zones), S(San Francisco Bay Region: 30 Zones), H
(Houston, TX Region: 199 Zones). £%=# LI(H)¢] ¥4} dsk= Urban Simulation Laboratory, Univ. of Pennsyl-

vaniad] A&%.

(£8 2) EXOISHS(H274) o dhHs FNE

T+ 2 ol A # T R?
R ko k, ka ks ke ks ks
L [ g=giA) 0002 1192 -  —0992 -0125 - - 0.949
E [=acqm, I H) | —1921 —0127 —-0063 —0278 0047 0108  0169| -—
R & g g2 4] - gs
k| wg=g1a) 0010 —0911 —0.600 —0600 — - - Z
E [2n=91, 0(S, H) | -6800 -0380 0073 —0976 0953 0.264 - -
R Po P P2 Ps P Ps
L laz=q10) 0003 0271 -1138 — - - - 0.959
E [23sd1, B H) | —5687 —0266 0048 —0847 0382 0371 - -

2t)RLCE(Residential Land Use Equations), BLCE(Basic Industry Land Use Equations), CLUE(Commercial Land Use

Equations). EolA 8224 II, ¢} A4txzhe= Urban Simulation Laboratory, Univ. of Pennsylvania 2] #g4].



