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ABSTRACT

For congestion management purposes, a congestion charging strategy
could be implemented to accompany the oncoming implementation of the
electronic distance-based charging strategy on freeways. Different from
previous studies using discrete choice models to discuss driver route switching
behavior, this paper attempted to apply the cusp catastrophe model to discuss
driver route switching behavior under various congestion charging scenarios
and describe their non-linear characteristics. According to the empirical study,
the questionnaire survey was conducted to collect 1,121 valid samples from
freeway drivers traveling in western Taiwan. By means of quantitative and
qualitative analysis, the proposed behavioral model used “route switching
behavior” as the state variable and “switching barrier” and “a unit of charging
rate” as control variables. The test of independence was performed to check
sample structures for six areas of the control space, and the catastrophe
characteristics, such as divergence, catastrophe, hysteresis, and bimodality, of
switching behavior were discussed. A higher switching barrier would easily
cause discontinuous switching behavior while encountering a unit of charging
rates, especially at NT$1.2/km and NT$1.5/km.

Key Words: Congestion charging, Route switching behavior; Switching
barrier; Cusp catastrophe model
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BI## PGy (catastrophe theory) FYSE50HEE HIARIEUE X Thom it @I B Am
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Thom AR #ER[FIAY IR BB (state variable) (B(E AR AMA 2) BAPEHISEL (control
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BB TR R B M AR AR BRI AU (cusp catastrophe model) Hr#gE] » i 2 Bh B8 U
ORI - HE AR % IR T T » IR RS R R I e P g B g A L)
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GBI (cusp catastrophe model, CCM) 2 FH R IS H u, v FULRAEAIRRR
R x o b o PRI o R ZIRIF (splitting factor) » $EsilAEE v BIRG b TERIA
(normal factor) I E u, v AR 2 822 MRS Ry f%2ii 22/ (control space) » CCM Y%
FHEL (potential function) ] HE(1)° FKR ¢

1 4 1 »
Fu,v,x)=—x" ——ux" —wx 1
( ) 2 5 (1)

AEPERIZHOVEIE - SR ERGRERYZRRE - HX (D #5r » TR BT
fi# - 152N HASZEHf Mr (equilibrium surface) :

3. AP REBA R A BATHREL R 1 FrRTFAE - LIRS B - TR R T
5 BB ERR RSB R AT - AR TE S A RIS EOR H B
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Hyperb%ﬁﬁi%?ﬁe Model 3 2 2w xz 4 ywtvzw
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Parabolic Catastrophe Model

R JE © Gilmore!® (1981) o

a—F=x3—ux—v=0

ox ()
Mg :{(u,v,x)‘ X —ux—v=0}

Y Q) REM BT FI B, (Hessian discriminate) » W4 H B2 » A[{5%] & HEHE K
(singularity set) :

3x*—u=0 (3)

FE (2) K2l (3) IHAARRRE B x - n]1SE1 /3 BRI B (bifurcation set) » 25 iR
HER 2 B Fr A PRI BIAR S > M Ry Cardan AR (BLAZOR) ¢

4y’ =272

(4)
A=27v —4®
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JFRSEARE BET R R ERRES R, a ~ b WaEL - SFEE PGS v A9 VIETEE) - fEHEHIZE
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3. ¥ (hysteresis)
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BESRAFIFIR R R 2 % L Lo B S — LR E S - ARTTT 2 49 Cardan 3151
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FA TR AR () NRTREREE - a0dhii Merhiy o BB o BEE S ESIHE
HlZ2RE ¢ BERYEH SR - AR P S ARE P IS EE A A B T ORI i SR AR /IR RE -
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GEMCAT (A GEneral Multivariate methodology for estimating CATastrophe models) j#%&7%
ST B TR B % B b B SRR A - [T
GEMCAT {H SAAF R AR BB R SRR T3k

(M) Z2RRMESE
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F— eV e Y B ECE AT ¢
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J=1..J EIRTHEE
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fRE BB E SR - Oliva S AW B #TE A BhBIB SIRY iy = REVE Rl s iy
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